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PREFACE 


In planning this dictionary of physics and electronics the editor and 
contributors have constantly held before themselves the ambitious ob- 
jective of serving the greatest possible number of those people who are 
working with physics. This group includes not only professional physi- 
cisls, and those intending to make physics their profession, but also the 
far greater number of workers in other fields who have frequent need for 
information about terms used in physics. Amotig these are men whose 
primary activity lies in some other field of sci('nc(' than physics, such as 
chemistry or biology, as well as engineers anrl technologists. 

Obviously, the attempt to realize so ambitious a program in one volume 
has nece.ssitated a number of compromises and many arbitrary decisions. 
Idle comjiromise on units is explained in the extended Introduction to 
this Oietionary, in which the subject of units is dealt with, it is hoped, at 
sutficient length to overcome any confusion that may confront the reader 
on this score, ddie ciuestion of level of difficulty has been answered as 
far as pos.sible by including in most definitions both formal and discursive 
statements and entries. This policy serves the two-fold jiurpose of giving 
the reader both a “simiilc” explanation and a more rigorous definition at 
th(' same time that it lightens the general tone of the w’ork for those who 
do not have an extensive mathematical background. The needs of this 
particular tyjie of rea<ler have also been served by including definitions 
of many of the more common mathematical terms encountered in present- 
day jihysics. 

The terms defined in this book include laws, relationships, equations, 
basic principles and concepts, as well as the most widely used instruments 
and ajiparatus. In short, this treatment comprises the terms both of 
pure science and of its applications. The fields covered include me- 
chanics, heat and thermodynamics; low temperature physics; the prop- 
erties of gases, li(iuids, and solids; acoustics; optics; electricity; elec- 
tronics; nuclear physics; mathematical i)h3’sics; and representative topics 
in relativity and a few other of the more advanced and specified fields. 
Further to serve the needs of the teacher, student and worker in the fiald 
of physics, as well as in related fields, a considerable number of terms 
have been included from the subject-areas bordering on physics, not only 
mathematics, but physical chemistry, applied electronics, applied elec- 
tricity, etc. Obviously, all the terms in pure and applied physics cannot 
be defined adequately in a book, or for that matter in a library. The 
objective of editors and contributors has been the more modest one of 
providing a book useful as a general reference in physics, helpful even to 
the specialist in regions outside of his domain of specialized knowledge. 
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Further to facilitate the use of this book for reference purposes, a com- 
prehensive plan of cross referencing has been devised. Wherever, in the 
definition of a given term other words or expressions are used for which 
cross reference is necessary, those words or expressions are printed in bold- 
face type, so that the reader need only to turn to the corresponding entry 
to find the additional information he may need. This plan has proved 
most successful in other hooks, and it should increase materially the refer- 
ence value of this Dictionary. When the term to which reference is made 
has more than one meaning, and possible confusion might result, the usage 
intended in the given case is designated by a corresponding bold-face 
number following the term in the original entry. 

The general choice of subject matter has been, as might be expected, 
the question on which the largest num})er of arbitrary decisions has been 
necessary. The policy has been followed of including, wherever possible, 
all definitions which have been established or recommended by established 
grouj)s. For such definitions the editor and contributors wish to exi)ress 
their deep indebtedness to the Acoustical Society of America, the Optical 
Society of America, the American Standards Association, the Institute of 
Radio Engineers, the National Research ('ouncil and other societies and 
organizations who have established clear statements of basic physical con- 
cepts and relationships and definitions of equipment used in pure and 
applied physics. 

It is the hope of all who have worked on this book that it may con- 
tribute in some measure toward a widening of interest in the fiolrl of 
physics and toward an extension of the range of its api)lications. Whether 
the Dictionary will continue to fulfill this hoj)e depends in a large part on 
the willingness of our readers to criticize our wa)rk and to suggest addi- 
tions and improvements. With such aid, future issues of this Dictionary 
can achieve the highest standard of usefulness. 
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UNITS AND DIMENSIONS 
Policies Followed in This Volume 

Since physics is a q\iantitative science, its definitions should be exact and 
unanihipiuous It has hccorno increasingly apparent during the last half century 
that exactness in the definitions of physical terms in general can be best achieved, 
and that ambiguity can be best avoided, if definitions are operational, i.e., if each 
definition indicates a process by which the defined quantity can be measured. 
The process of measurement speidfied by the definition need not be the one used 
practically, but tlic latter must always be reducible in principle to the former. 
For example, the distance between two points is defined as the number of times 
that a specified measuring rod must be successively applied along a straight line 
joining the two points in order to cover this line completely. It would hardly 
be practical to measure the distance from the earlh fo the moon by this process, 
but the method of triangulatiim, by wdiich this distance is measured, may be 
shown to be equivalent to the successive application of a rod. 

K\ery physical measurement involves the comparison of two quantities of the 
same naluro, e g., Uvo lengths, two electrical currents, etc. The same results will 
bo acliievod by two different observers only if they have agreed to use the same 
standard as one of those quantities. To provide such standards, certain funda- 
mental units have been establisboil by custom, by national legislation, and by 
international agreement. The definitions of these fundamental units throughout 
this volume arc consistent wdth the legal definitions or with accepted custom 
in the Ignited States and in Great Britain. In a few cases, such as that of the 
inch, the t^A'o countries have definitions which do not agree precisely; in these 
instances both definitions are gi\cn. 

The specification of a physical quantity must tell both what standards were 
used in the measurement and how the quantity compares wuth these standards. 
The quantity is therefore expressed as the product of a pure number, giving the 
latter piece of information, and a unit wddeh gives the former. Tw^a equal quan- 
tities may be represented by quite different numbers if they arc measured in 
different units. Thus: 


1 mile = 5280 feet = 1609 meters. 

All quantities which can be expressed in the same units are said to have the same 
physical dimensions. Thus two square miles and ten acres, while they are not 
equal, have the same dimensions, those of area, or of length squared. 

The great majority of physical quantities can be measured in terms of derived 
units, which are defined in terms of the fundamental units. Thus velocity is 
defined as the time rate of change of position and is determined by a measure- 
ment of the change of position, i.e., a length, 1, during a time interval, t. The 
average velocity during this interval is v = l/t. The unit of velocity is therefore 
a unit of length divided by a unit of time, such as feet/second, miles/hour, 

lx 
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mctcrs/iniiiiitc, etc. When quantities measured in temis of derived units are 
given in this (lictionar>\. their dimensions in terms of fundamental units are 
usually specified. To avoid the complexity that would result if every quantity 
were expressed directly in terms of fundamental units, the dimensions are often 
express(‘d in terms of derived units intermediate between those of the defined 
quantity and the })rimar3^ standards. Thus the Planck constant, /?, is given dimen- 
sions of erg seconds. The erg itself has the dimensions of force times distance, 
and force has the diuH'Tisions of a mass times a lengtli divided by the square of a 
time. Hence, letting ?w, /, and t rc]n*esent mass, length, and time, respectively, 
we find that the dimensions of the Planck constant are 

f/)] = [(ml /hum] = [mf/t], 

or that it could be expressed in units of the gram centimeter squared per second. 

Which pliysical quantities should be chosen as fundamental, or even how many 
sliould he cliosen, arc inaltcTs of choree and convenience'. This is true liccaiiso 
most jibysical laws expn'ss projiortionalities. ratlu'r than ecjiialit ic‘s. As an 
exanijilc, wc may consider tlie usual statement of the Newton second law of 
motion, that tlie acceleration, a, jirodiiced m a body of mass m by a force, f, is 
directly proportional to the force and inversely pn^porlional to the mass. This 
law may be written as 

a oc f/m. 

It is usually convenient to change this proportionality to an equation l>y the inser- 
tion of a constant of proportionality, K: 

Ka — f/yn. 

This equation involves three idiysical rjuantitics, n, /, and m. If all three of these 
are defined arbitrarily, either as fundamental units or in terms of (l(*riv('d units, 
the diniensions of K will be determined ])y the ecpiation. On tlie other hand, 
any two of tlie jiliysical quantities may be defined arbitrarily, and a further arbi- 
trary choice may be made as to the dimensions and magnitnde of K. The erpia- 
tion may then be used as a defining equation of the third quantity. AYhether 
one or the other choice is convenient depends on the problem to which Nevrton’s 
second law is being aj^plied. The conscqueiico& of tlie various possible choices in 
this case are discussed beluw', in the .‘-ection on Mechanical Units. 

Eacli time that an arbitrary clioica* such as that just discussed is made, a new 
system of units is estabii->lied. Each of these systems is self-consistent but the 
various systems are not nece'-^arily consi‘-tent with each other. AVhenever a 
choice exists as to tlie system of units in whicli a (luaritity may be defined, this 
Dictionary has eitlier given two or more definitions, s[)C(dfyiiig the system in 
Avhich each is appropriate, or has stated the dimensions of the cpiantity in such a 
way that tlie definition may be modified wdicn a diflcrcmt system is employed. 
The inclusion of all of the hundred or more systems that have been used would 
have result(‘«l in confusion, hence only a limited niimbcT of systems arc accepted 
here. These systems are listed in the next few pages, and the relations among 
them arc outlined. 

Nearly all rhysical measurements can be reduced to the measurement of 
mech'»nical, tnermal, or electromagnetic quantities, or to some combination of 
the^e. ihe systems of units which are used for each are treated below. 
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Mechanical Units 

All mechanical measurements involve the motion of material bodies, described 
in terms of space and time coordinates. Hence length and time are almost uni- 
versally chosen as fundamental quantities. The present standard of time is the 
mean solar day, defined as the average period between two successive transits 
of the sun across the meridian at any given spot on the earth’s surface. The 
most commonly used unit of time is the second, defined as 1/80,400 part of a mean 
solar day.* Two independent length standards, the mefer (M) and the yard 
(yd), are in common use. From the former is derived the renilwetcr (1 era = 
1 M/100) and from the latter, the joot (1 ft = 1 yd/3). The fundamental 
length units used in this volume will be limited to the meter the centimeter, the 
inch, and the foot.f 

In physics, ch(‘mistry, and electrical engineering, as well ns in much of me- 
chanical engineering, the commonly employed systems of niochnnical units use 
length, mass, and time as fundamental ciuantities. These are known as Icnnth- 
mass-time systems. Three such systems, the metcr-kilogram-second ''MKS), 
the centimcter-ijram-sccond (cgs), and 1h(‘ foot-pound-.sccond (f Torn s) systems, 
are used in this volume. In all three systems the constant of projiortionality in 
Newton’s law is chosen as a dimensionless quantity of unit magnitude. 

In structural engineering and in some mechanical (‘ngineering applications, 
forces play a more important part than do masses. Systems which use length, 
force, and time as fundanuaital units are tlierefore conA'cnient. Ihie only haigth- 
force-tiin(‘ s\stein which is used here the loot -yoxmd- see 07id system. The unit 
of force, tlie pound {force), is defined as the wa^jght of a ])ound mass at a point 
on the earth’s surface at a yioint where the accolcTation due to gravpy is 32.174 
ft/see-. In this system the unit of mass, the slug, is a derived unit, equal to 
1/32 174 Ihm. Tn order that confusion may not he caus(‘d by the use of the 
pf)und }>otli as a unit of nias^ and as a unit of force, the })Ound (mass) is abbre- 
viated as Ibin, the pouiul (force) as Ihf. 

A third lyyie of system defines both ihe mass and force as w’cll as urit.s of 
lengtli and time. In such nias.>,-for( e-lerig(h-ii}n( systems, ihe constant of ])ro- 
portionality in Newton’s sceuiul aw takes on dimensions and a noii-unitary 
value. Two s\ich ^ysi'uus, tlie Ibui-lbf-ft-sec and th(‘ gin-gf-cm-sec sysiom arc 
cmpl(»yed here. The abbreviation gf is used to indieate a gram (force), the unit 
of force, wducli is defini'd as the w^eight of a one-gram mass under the action of a 
gravitational accelerat ion cd OSO-Hfif) cm/sec^. 

The more important units in each of the six .•>ysTcnis and the relations among 
these units are showui m Table 1 As an example of the use of this and similar 

♦Tins is not a cuiii}4eUly .satisfactory dffinition. la'canse tid.il nction is padiuilly slowing 
the lotation of th(' eailli. It Iheufoie seems piohulde rluit the si'cond smII be redefiiKMi in 
the near future, as a si»e<'jhed muitiph of a peiiotl of vibiutioii of some partu ular molecule, 
piohably ammonia. 

t Two slightly diffeient definition.^ of the foot are ui u.s(‘ in the United States. They 
disagree with each othei and with the definition used in (ireat Britain by a feiv p.arls m a 
million. The Biitrsh foot is defined as e\aci!v om -third ol an lmp(‘riai vanl * rhe National 
Bureau of Standards and the UfJ. Coast and (geodetic Siuvev define the foot as exactly 
1200/3937 meter, the American Standards Association, lil8 1. 1933 and 1947, defines the foot 
as e.Mictly 0 304S meter. The difftrencis aic .significant only in refined measurements, the 
relative lengths of the three fei't defined above being 

0.914399:0.914402 0 914400. 

It seems possible that both the meter and the 3 »^ard may bo redefined within a few years 
in terms of the wavelength of a particular spectral lm<‘, m.sload of as material standards. 
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tables, suppose that a moment of inertia is specified as 1050 gm cm®, and that 
it IS desired to express this quantity in the f Ibm s system The use of conversion 
factois from the table shows that 


, 2 205 Ibm 

1050 gm cm^ X X 

1000 gm 


(3 281 ft)® 
M® ^ 


M® 

(100 cm)® 


0 002492 Ibm ft®. 


Tabie 1 Rflatiovs among the Systems or Mechanical Unifs 


Quantity 

MKb 

System 

Equivalents in Othe r Systems 

cgs 

System 

1 

f Ibm 8 
System 

f Ibf 8 
System 

f Ibm Ibf s 
System 

1 m gm gf 8 
Syste m 

Length 

1 Meter 

10* 

3 2^1 

3 281 

3 281 

10* 



em 

ft 

tt 

ft 

cm 

Mass 

1 Kilogiain 

10’ 

2 205 

70 94 

2 20^) 

10* 



gna 

Ibm 

slug 

Ibm 

gm 

Density 

1 K/M* 

10 ’ 

62 43(10) ® 

2 009 

62 43(10) ’ 

10 * 



gm/cm^ 


slug Tt^ 

Ibni/ft’ 

gm/cm* 

Force 

1 Newton 

10^ 

7 015 

0 2180 

0 2180 

102 0 



d\nf 

poundal 

Ibf 

Ibf 


Work (1 norgy) 

1 Joule 

10’ 

23 02 f 1 

0 7153 

0 7153 

1 020(10)< 



erg 

poundal 

ft Ibf 

ft Ibf 

gf cm 

Power 

1 Watt 

10’ 

23 02 ft 

1 301(10) ’ 

0 7153 

1 020(10)* 



erg/ sec 

poundal '^c 

hors' powir 

ft Ibf sec 

gf nn/scc 


Thermal Tjnits 

Thcimal measurements involve, m addition to the mechanical quantities out- 
lined above, the specification of temperature Two tompcratuie scales are in 
common use, both beinp defined in terms of measurements made \\ith a mercuiy- 
in-glass thermometer and both havung the ficfzing and boiling points of j)ure 
watei at normal atmo'^jihc ik pressure as fixed points The CpUiuSj or Centi- 
grade, scale IS obtained if the ficezmg point is taken as zero degrees and the 
boiling point as 100 degrees * The Fahrenheit scaie is obtained it these points 
are taken as 32 degrees and 212 degrees, respectively Thus the degree Celsius 
(°C) is the tempeiaturc diffeicnce which causes the meicury in a thermometer 
to expand by 0 01 as much as it expands between the freezing and boiling points 
The degree Fahrenheit (°F) is defined similarly, and is theiefore 5®C/9 

The original definitions of the Celsius and Fahrenheit scales would limit the 
measurement of temperature to the range in which the meicury-m-glass ther- 
mometer can be used These scales are extended upward and downward with 

*The definition given is that m common use at piosfnt It is in close agreement with 
the recommendation of the International Union of Pure and Applied Phjsics in 1955 that 
the triple point o*’ water (le the temperature at which ico water and water vapor can 
exist in equihbnuK > be defined as 273 16®K and be used as the basis of determining the size 
of one degree Koixm This recommendation would make the Kelvin scale fundamental, 
rather tr.an thd Celsius scale 
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the help of the gas thermometer and of well established thermodynamic laws. 
The Kelvin^ or absolute, temperature scale is based on the second law of thermo- 
dynamics, and is independent of the properties of any particular substance, 
except for the definition of the size of a degree. Its zero is the lower limit of 
temperature, which can be approached but never reached, and the size of a 
degree Kelvin (®K) is taken in such a way that the difference of the tempera- 
tures of the freezing and boiling points of water shall be 100°K. Careful meas- 
urements have demonstrated that the zero of the Celsius scale is at 273.16®K. 
The Rankine temperature scale is an absolute scale in which the degree (°R) is 
matched to the Fahrenheit thermometer. 

Since heat is a form of energy, any of the mechanical units of energy, such as 
the erg, joule, or foot pound, may bo used to measure quantity of heat. Other 
units, based on the thermal properties of water, had bc‘come well established 
before the first law of thermodynamics was enunciated. The use of these units 
persists, and several of them are used interchangeably wdth the mechanical units 
in this dictionary. The most widely accepted is tlie calorie (cal) which was 
originally defined as the heat necessary to raise the temperature of one gram of 
water through a temperature increase of one degree Celsius. This definition 
makes th(' unit depend on the initial temperature of the water, so the calorie has 
been ledefined as ('(pial to 41840 joules. The kilocalorie or large calorie (kcal) 
is exactly 1000 cal. The British thermal unit (BTU) is the heat required to raise 
tlie temperatme of one pound of water through one degree Fahrenheit. 

Tli(‘ tour basic systems of thennal units employed in this volume are sum- 
marized in Table 2. Relations among derived units, such as those of specific heat. 


Table 2, Relations among Thermal Units 


Quantity 

MK8 

stt ni 

Equivalent© in Other Syatoma 

MRS °K 

Sy st em 

egs "K 
System 

} U>m s '"F 

S 3 'st ern 

f Ibm s “R 
System 

! 

Temporaturc 

difforfiicf 

FC 

1°K 

VK 

1 SO^F 

1.80°R 

Temperature 


(273 10 +jyK 

(273 16 + x)'K 

(32 + 9t/5)“F 

(491 7 + 9i/5)°F 

Energy 

1 joulp 
= 0 23'K) cal 

1 joule 

(10)’ erg 

9 478(10) -* BTU 

0 7153 fl Ibf 

9.478(10)-* BTU 


entropy, etc , may be obtained by methods identical with that outlined in con- 
nection with Table 1. For example: 

0.0235 BTU 0.0235 BTU 1 joule 1.80°F _ 44.6 joule 

op ^ ^ SU78(10)^ BTU ^ ’T^fT 

Electromagnetic Units 

At least eight or ten different systems of electrical and magnetic units are in 
common use. Each of these is based on a particular choice of a constant of pro- 
portionality in an experimonlally verified physical law. Some systems start 
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with Coulomb’s law, ^hich states that the force, /, between two electrical charges, 
qi and q^, separated by a distance r in empty space is directly proportional to 
the product of the charges and inversely proportional to the square of the distance 
between them, i.e.: 

where is a constant that may be chosen for convenience. Such systems are 
known as electrostatic systems. The choice of as unity and dimensionless, 
together vith tlie use of the dyne and the ccntiinotcr as units of force and length, 
leads to tl)e cg^ electrostatic sgstem in \^hicJl the unit of charge, the statcovlornbj 
is the charge \\liich re\w\s an exactly similar charge, separated from it by one 
centimeter in vacuo, with a force of one dyne. Tliis system is frecpiently called 
the esu system. Another choice, which is sometimes convenient, takes Kc as a 
dimensionless constant ecpial to *4^. This lea<ls to the rationalized cgs electro- 
static system. In either of the two systems, charge has the dimensions of 
dyne’^cra, equivalent to cm^-gm'^-sec" All other eloetrical (jiiantities also have 
identical dimensions in the two systems, although the sizes of their units differ. 
In order that ambiguity may be avoided, all quantities stat(‘d in esu in this dic- 
tionaiy are gi^n values censii^teuit with the unrationalized system anel all for- 
mulae involving esu are written in the form appropriate to that system 

In distinctiein to the electrostatic systems are the electromagnefir systems 
(emu systems), which start with the law of attraction between currents. If twa> 
cuTT(nts of magnitudes and 1 2 flow^ in long parallel wires, separated by a dis- 
tance d in vacuOy they attract each other wdth a force per unit lengtli. fu given by 

Ji = 

Here the constant of proportionality, A'„i, may be chosen (piite arbitrarily The 
cgs trrni system is ba^od on the dyne and the centimeter as units of force and 
length and on the ehoice of A,„ as a dimen-^ionlcss constant of magnitude tw'O. 
Tlie emu of curient, the abamperCy th(‘n has the dimensions of dyne’^-f, or 
rni^^-gm^-'^sec 

The emu of charge, the abcovlomby is defined as tlie charge which passes a 
given suiface in one second if a steady current of one ahampere flows across the 
surface. Its dimensions are flierefore cm^-gm’*, which differ from th(' dimen- 
sions of the slatcoulomb by a factor wdiich has the dimensions of a sjiecfl. This 
relation.diip is connected with the fact that the ratio 2Kr/Km must have the value 
of the sfjuare of the speed of light in any consistent system of units. It foIlow^s 
further that 


1 abcoulomb = 2.998(J0)^® statcoulomb, 

the speed of light in vacuo being 2.998(10)^® cm/sec. 

A rationalized emu system, in which is taken as has also been devel- 
oped, but it is not used in this volume. 

The electrostatic system is convenient for problems in which the principal 
equations may be deduced from (Jouloinb’s law. Similarly, the electromagnetic 
system is convenient for jir >b]eins involving the interactions between currents. 
In many pliy^jical prolilerns, both electrical and magnetic interactions take place. 
Both systems sjfTer from certain inconveniences under these circumstances, and 
the Gaussian system of units has, as a result, gained wdde popularity. In this 
syp^‘n , magnetic quantities, such as magnetic field strength and magnetic flux 
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density, are expressed in emu, while electric field strength, charge, and current 
are ex]jre.ssod in osu. To maintain sclf-consistency, it is essential that a factor c, 
the speed of light., be introduced into many of the equations which describe elec- 
tromagnetic phenomena. It is our practice, whenever confusion might otherwise 
arise, to state equations appropriate both to the simple systems (osu, emu, etc ) 
and to the mixed Gaussian system. Whenever the factor c (jceiirs in such equa- 
tions, it is ihe speed of light in vacuo, having the dimensions of cm/see, not a 
pure numbe r. A rationalized Gaufunan system is sometimes employed, but it is 
not used in this volume. 

In all of the systems discussed thus far, cgs mechanieal units have been em- 
ployed. Now systems of electrical units evolve if other sets of meelinnical units 
are substituted. Only two such system^, both baMnl on the mks mechanical 
units, have found wdde accept anre. Of these two, only the rationalized jnksa 
system is used here. The arbitrary choice^ wiiich loads to this system is that of 
the unit of current. The obsohite ampere^ is defined as exactly one-tenlh of an 
abamiiere. With lliis choice, and wuth the newton and the meter as ^he units 
of force and h'ngtli, the two constants which were clioseii arbitiarily in the esu 
and emu systems arc detei'inined and liave dimensions. They become: 

— 8.!)S()(10)‘* 

and 

- 2 . 000 ( 10 )-^ 

One virtue of tlie inksa system is that nearly all of the ('loctrical quantities 
(A'jiress('(l in it coiinude clo->e]y w'lth tlu* jtractu'al apstew of units wdneh grew up 
during the ninebaaitli century. Thus the volt, the amiiero, tlie Inmiy, tlie farad, 
and ilie ohm an' all units in the inksa '-y-tfan. In fact, the legal electrical 
units liaA'c hevn fixe<l by international agreement since H)r>0 ns the absolute 
inksa units. Ihior to that time, the InU rnalional su.sfein of electrical units 
hat] been used. This system had been intended to coincide w'dh the absolute 
syf-tem, but had been defined in terms of fixed standards, w'hich are slightly in 
error. Then* are llierefore snud* diHerences belwedi the two sets of electrical 
quantili(\s, of tlie ordi'r of a lew j'.arts in ten thousand. Because many quantities 
stated in the litiTature are expressed in iiiteriuitional units, these obsolescent 
definitions are meluded here. 

One more remark needs to b(‘ made in regard to the dinunsions of certain 
electromagru'tic units, d'wo el(*ctrical quantities, tlu' field strength E and th^" 
displaeeiiK'nt D, are closely rela cd. as are two magnetic quantities, ihc field 
strength 11 and the flux density B. In the elect rostiitic system, E and D have 
the same dimen.-ions and are identical in magnifiule in em])ty space; in the clcc- 
tromagiK'tic system, H and B have a (-('rresponding relation Thus in air, the 
electrical properties of which are pnicticaily those of empty space, the flux 
density is identical wdth the magnetic field strength if Imth are expressed in emu. 
The old unit of field strength, tla* gauss, has therefore been used to denote both 
H and B. In an attempt to avoid confusion, the name of the emu unit of H was 
changed to the oersted about 20 years ago. The gauss had become so well estab- 
lished, however, that it is still used, and its meaning (either oersted or maxwell 
per S(]uare cm) must be judged from context. 

The relations among the five systems of electrical units which w^e employ are 
displayed in Tabic 3. 
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Table 3 Rhations among thi Systems of Electrical and Magnetic Units 
(The dimnnsions of th( various quantities are shown in squaie brackets) 


Eqiiivakiits in Other Systems 


Quantity 

mksa (\bso 
lute) System 

Old I ntc I national 
Svstc m 

cgs esu 

S> stt m 

cgs emu 
System 

1 Gaussian 

System 

Permittivity of 
empty space 

M 

SSoSflO) 

Farad /M 
[m ’k ^^a“] 

S8i<)(10)~‘® 

Inf farad/ M 

1 

[Dimensionless] 

1 1126(10)-” 
[pin 

1 

[Dimensionless] 

Permeability 
empty space 

W) 

1 2oG6(10)-^ 
lie nry 
[mks \ 

1 2'560(10)“* 

Inf llfiiiy/M 

1 1126(10)-’“ 

[cm 

1 

[Dimenfiionless] 

1 

[Dimensionless] 

Charge (Q) 

1 Coulomb 
[sal 

I (KK)in5 
lilt C oul Jinh 

2 668(10)® 

State ouloinb 
[cm^-'ginN ^1 

0 1 

Ab( oulomb 
[ca/^gm^j 

2 998(10)® 
Statcoulomb 
[em'^gm^ 0 

Potential differ- 
ent e (V) 

1 Volt 
(hAb *a-‘l 

0 ‘t‘l 1070 

Int Volt 

3 316(10) -2 
Slatvolt 
[cm s 

fio)" 

\b\olt 

[cnAgm X-2] 

3 136(10) * 

Stat\ olt 
[im^gm‘^8 ^] 

Current (/) 

1 Ampere 
[al 

1 000165 

Int Ampere 

2 998(10)® 
Stalampi re 
[cm^gm^s 

01 

MjHinjK ro 
[cm ^gm \ 

2 668(10)® 

Stat ampere 
[em'^gm^s *1 

Resistance (R) 

1 Ohm 
[m ks 

0 )0 )505 

Int Ohm 

1 1126(10) 
Statohm 
[cm ^s] 

(lo)’ 

\bohm 
ifems M 

1 1126(10) 
Statohm 
[cm ^1 

Llectric dis- 
platcmcnt ([>) 

1 (^oulomb 
[m ^sa] 

1 000165 

Int r oulomb/M^ 

2 968(10)^ 

State Old omb/c m“ 
[cm 

(10/ “ 

Al>( oulomb cm* 
[cm ‘'ginM 

2 668(10)'^ 

State oulomb /( m* 
[cm '^gin'S ^] 

Capacitance <'0 

1 Farad 
[in k ^bV] 

1 000165 

Int } arad 

8‘>88(I0)“ 

cm 

[cm) 

(10) » 

\bfaiad 

[cm 

8 088(10)” 

cm 

[cm] 

Magnf tic dipole 
moment 

1 Ampere 
[m^a] 

1 000105 

Int \mpere 

3 316(10) ® 

Statma\wcll/cm 

[cm 

(10)® 

Maxucll /cm 
[cii/^gm M 

(10)® 

Max¥v ell /cm 
[cm^gm^s*"^] 

Magnetic held 
strength {U) 

1 \mpert turn M 
[in ^aj 

1 000105 

Int Ampere tuni/M 

3 767(10)» 
StatoersU d 
[cm^gm^s 

1 257(10) * 

0( isted 
[cm" 

1 257(10)-* 

Of rated 
[cm ^gm^s“^] 

Magm tic flux 
density (B) 

] Wtl)er/M’ 

[ks -a. >J 

0 660f»70 

Int volt S/M’ 

3 336(10)-^ 

Slat max well /cm* 
[cm 

(10)4 

Maxw« ll/cm* 
[cm~^gin^s'"^] 

(10)^ 

Gauss 

[cm 

Inductance (L) 

1 Henry 
[in ks 

0 096505 

Int Henry 

I 1120(10)-“ 

Stathenry 

[cm-^j 

(10)' 

cm 

[cm] 

(10)» 

cm 

[cm] 

Power 

1 

1 Wati 
[m^kh 

0 969835 

Int Watt 

(10)’ 

e-g/s 

[( m*gins“®l 

(10)’ 

erg/s 

[cm*gms*"*] 

(10)’ 

erg/s 

[cm*ginfl”*] 
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Units Not Included in Absolute Systems 

Although nearly all physical measurements, from those of the dimensions of 
the universe to tliose involving nuclei of atoms, can be expressed in terms of the 
mechanical, tliermal, and electromagnetic systems discussed above, many physi- 
cal quantities are expressed in terms not reducible to any of the systems given. 
During the early development of many parts of physics, measurtirnents of the 
relative properties of various substances were all that were possible or required. 
Hence terms like specific gravity, specific heat, candle power, and curie have 
come into tlie literature of the subject. As the aii. of ineasiu’ement progresses, 
such terms are usually redefined in such a way that they acquire absolute mean- 
ings. It has been our practice to give both definitions of terms of this type, 
with some indication of wdien the change in meaning took place. 

Many si)ecial systems of units are convenient for [larticular calculations. 
Tiius, many atomic calculations are facilitated if the ek'ctronic charge, the radius 
of the lowest Bohr hydrogen orbit, and maSs of the electron are taken as funda- 
mental units of charge, length, and mass, ri‘spectivi‘ly. A\'henever units of this 
type are used in tliis dictionary, they are expressed in terms which allow cross 
reference to be made to the quantities involved, lienee they ran be converted into 
absolute units. 




A 


A. (]) Linear acoelcration (a). (2) Moan 

sound absorption coefficient (a). (3) Element 
argon (A). (4) Angstrom unit (A or A), (o) 
First van dcr AVaals constant (a). (6) Chein- 

ical activity (a). (7) Accommodation cooffi- 

ciont (a). (8) Amplification of amplifier (A). 

(9) Amplitude (A). (10) Refracting angle of 

priMH (A). (11) Area (A). (12) y])ocilic 

rotation of light |a|. (13) Free energy, Helm- 

holtz, vhich is also knovn as isothermal work 
functi(»n, tntjil (A), ])er unit mass (a), per 
mole (o, A or A,n). (14) Factor in Richarcl- 

^on-Duslunan equation (A). (15) Width of 

^lit (transparent portion) (a). (Id) Atomic 
weight (A). (17) First (kniehy constant (A). 
MS) Strength of simple acoustic source (A). 
(19) Magnetic vector potential (A). (2(^) 

Bohr radius (ai). (21) Radius of acoustical 

tube, disc or membrane (oM 

A f , A-. Terminal markings f(»r sources of 
hlament voltagcft in electronic c(]uipment. 
(See A supply.) 

\ BATTERY. Power source for filameiils in 
balit'ry-i'perated (decironic orjui) icm. 

A SUPPLY. Tlie ^ourct* of (he hiaiting cur- 
Mnt lor the cathode of an elect n/iiic tn})e In 
the early davs of radio the Aaiioiis \oltages 
iifM'ded to o])erate a recei\('r were obtained 
from bal(c‘i*ie'=5, called A, B and C baitoiF's, 
supplying the filami'nt. jilate and 'zrid voltages 
^•c'^lieelively. The^^e letter df'^ignations have 
canied over to the jireseid-dav souiec's, ;d- 
tliough the voltage's aie u^iiallv obtained mw 
from an a-e source, eitli<‘r diiectly as in the 
case of the A siqiply or indirectly for B and C 
voltages. 

4B-. A prefix attached to the names of the 
[practical electrical units to indicate the cor- 
responding unit in the egs electromagnetic 
system (emu), e g , abami^ore, abvolt. 

AB PACK. A combined package of A and B 

batteries. 

ABAMPERE. The cgs electromagnetic unit 
of current. It is that current wdiich, when 


flowing in straight parallel wdrea 1 cm apart 
in frc'c space, will produce a force of 2 dynes 
JHT cm length on each ware. One abarnpere 
IS tell amjiere^. 

ABBE CONDENSER. A compound lens used 
for (hiecting light thiough the object of a C(un- 
IHumd microscope. All the light enters the 
()j)je»‘t at an angle with the axis of the iniero- 

se()p(» 

ABBE NUMBER. The reciprocal of the dis- 
persive power of a material. 

ABBE REFRACTOMETER. See rcfractom- 
eter, Abbe. 

ABBE SINE CONDITION. The relationshii) 
?>// sin (9 - r/j/ sin d'j where n,n' arc indices 
of reiiaetion, i/,y' are distances from optical 
axis, an<i 0,0' are angles light rays make with 
the optu'a! axis A failure of an optical sur- 
face to siitish the sine condition is a measure 
of the coma of tlie surface. 

ABBE THEORY OF THE RESOLUTION 
OF A MICROSCOPE. A theory relating the 
resolution of the instrument to the w^avelongth 
of the light and tlie aperture of the instrument. 

ABC. Abbieviation for automatic brightness 
control; automat ie bas^-’ control. 

ABEL EQUATION. Whem a particle falls on 
a smooth curve, .s -- s(j) in a vertical plane 
fTom c - To to r - z, the time of descent is 


1 r" 

t(zo) = — I - - -dz 

Jo V A) - z 


w’hero q is the acceleration of gravity. AbePs 
j)ioblem ih to find a curve for which the time 
of descent is a given function of 2 , f( 2 o) == 



The result 

IS 


/(Zo) = 

r"’ <^(z) 





*^o V Zo ~ z 

where 




.s'(c) 

«(z) = - ---- > 0. 

v2|7 
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Abelian Group — Absolute Zero 
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It is a Volterra integral equation of the first 
kind, 

ABELIAN GROUP. A coinraiitative group, 
thus AB = BA where A, B are any two ele- 
ments contained in it. A simple example is 
the cyclic group of order n, 

ABERRATION, ANGLE OF. See aberration 
of light, Bradley. 

ABERRATION(S), FIVE GEOMETRICAL. 
(1) Spherical Aberration. (2) Coma. (3) 
Astigmatism. (1) Curvature of Field. (5) 

Distortion. Also called the '^third-order” 
aberrations and first c()mf)rehensively ana- 
lysed by Von Seidel. 

ABERRATION, LEAST CIRCLE OF. The 

area of minimum cross section of the rays 
from an optical systcan with spherical aberra- 
tion. 

ABERRATION OF LIGHT (BRADLEY). 

The apparent displaceiiKait of a star due to 
the motion of the earth in its orbit. Maxi- 
mum value about 20.5 seconds of are when 
the star is viewed normal to (he velocity of 
the earth. Distinct from parallax. 

ABERRATION, OPTICAL. Tlie failure (jf 
an optical system to fonn an image of a point 
as a point, (’‘f a straight line as a straight line, 
and of an angle as an equal angle. (See 

spherical aberration, astigmatism, coma, cur- 
vature of field, distortion (of the image), and 
chromatic aberration. ) 

ABNEY COLORIMETER. See colorimeter, 
Abney. 

ABNEY EFFECT. A sliift in hue which is 
the result of a variation in purity and, there- 
fore, in saturation. Th(‘ Abney effect may 
be r(‘presented by chromaticity ioci, of speci- 
fied luminance, with the hue and brightness 
constant, when purity and, therefore, satura- 
tion are varied. It is a relationship, of psy- 
chophysical nature, between psycliophvsical 
specifications and color sensation attributes. 

ABNEY MOUNTING. A method for mount- 
ing a grating, plateholder and slit on a Row- 
land circle and moving only the slit to ob- 
serve different parts of the spectrum. 

ABNORMAL GLOW. In a glow-discharge 

device, the flow of current equal or greater 
than the magnitude vdiich causes the cathode 
to be com})) tely covered with glow. 


ABNORMAL REFLECTIONS. Ionospheric 
reflections of radiowaves at frequencies higher 
than the critical frequency of the layer. 
Sometimes referred to as sporadic reflections. 

ABRAHAM THEORY OF THE ELEC- 
TRON. Model of the electron as a rigid 
spherical ball of charge, the mass being re- 
garded as of purely electromagnetic origin 
(1903). Yields an incorrect expression for 
the variation of mass with velocity, and aban- 
doned when the predictions of special relativ- 
ity theory (see relativity theory, special) were 
confirmed. 

ABSCISSA. The ho>izontal coordinate of a 
point in a twnj-dimensional system, commonly 
rectangiiJar ('artesian, and usually designated 
by .r. Together with the ordinate it locates 
the position of the point in a plane. 

ABSOLUTE FUTURE OF AN EVENT. All 

events w'hich could be reached by a signal 
emitted at the event and moving with velocity 
less than or e(|ual to that of light in a vacuum. 

ABSOLUIE HUMIDITY. Sec humidity, ab- 
.solute. ^ 

ABSOLUTE PAST OF AN EVENT. All 

evt'iits from whirl) a signal, moving wiili 
velocily I'^ss tlian or equal to that, of light in 
a vaciuuu, could he emitted to reach the event 
in (piestjon. 

ABSOLUTE SPACE-TIME. A fiindamen- 
lal concept underlying Newtonian mechanics 
is that then* exists a preferred reference sys- 
tem lo which all measurements should be re- 
ferred. This is known as absolute space- 
time. The assunij^tion of such a system is 
re})laced in relativistic mechanics by the priii- 
(uple of c(iuivalcnce. (See equivalence, prin^ 
ciple of.) 

ABSOLUTE TEMPERATURE SCALE. See 
temperature scale, absolute. 

ABSOLUTE UNITS. Any set of units de- 
fined in t(U‘nis of fundamental (arbitrary) 
units ot mass, length, and time by connecting 
})liyhical Cfiuations. Coriqiare international 
units. (Cgs electrostatic, cgs electromag- 
netic, and MKSA units are absolute units.) 

ABSOLUTE ZERO, The temperature at 
which a system w'ould undergo a reversible 
isothermal process wdthout transfer of heat. 
This is the temperature at which the volume 
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Absorbance — Absorption 


of an ideal gas would become zero. The value 
calculated from the limiting value of the co- 
eflScient of expansion of various real gases is 
-273.16°C. 

ABSORBANCE. The common logarithm of 
the absorptance. It may be applied to the 
total radiation, the visible radiation or to a 
particular part of the spectrum (spectral ab- 
sorbance). 

ABSORBANCY. The common logarithm of 
the reciprocal of the transmitlancy. 

ABSORBED DOSE. The International 
Commission on Radiological Units (July, 
1953) in its revised recommendations, eMab- 
li&hed the “absorbed dose of any ionizing ra- 
diation as the amount of energy im])arted 
to matter by ionizing pari ides per unit mass 
of irradiated material at the place of inter- 
est. It is expressed in rads.” 

ABSORBED DOSE, DETERMINATION OF. 

The Tnt(‘i national C'ommi‘^si()n on Radio- 
InoH-al Units recommended (July, 1953): 
“Since the calorimetric melliod- of doteimin- 
mg absorbed do'^es am not usually practicable, 
ionization rntdiiods are generally empl(»yed 
The quantity \\liich must be nu‘asured K the 
ionization produced in a gas bv the same flow 
of corpuscular radiation exists in the ma- 
terial under consideration Tin' energy, 
imparted to unit mass of tlie material is then 
essentially related to the ionization ])cr unit 
mass of gas, by the ecpiation 

where W is the average eneigy expended by 
the ionizing particles per ion-pair formed in 
the gas, and ,s is the ratio cjf the lUcass sto])]nng 
power of the material to that of the gas. Since 
the calculation of the absorbed dose from 
measurements of ionization requires a knov i* 
edge of the parameters IF and as well as 
variables eharaeterizing the radiation and the 
irradiated material, it is recommended that 
tables of the best available data be prepared 
and held under continual review 

ABSORBED DOSE, INTEGRAL. The in- 
tegration of the energy absorbed throughemt 
a given region of interest. The unit is the 

gram-rad. 

ABSORBENT. A substance, material, or so- 
lution able to imbibe, or “attract into its 


masvS,'’ or trap liquids or gases, commonly to 
remove them from a given medium or region. 

ABSORBER. In general, a medium, sub- 
stance or functional part that takes up mat- 
ter or energy. Specifically a body of mate- 
rial introduced between a source of radiation 
and a <lctoctor to (1) determine the energy 
or nature of the radiation; (2) to shield the 
detector from the radiation; or (3) to trans- 
mit selectively one or more components of the 
radiation, so tliat the radiation undergoes a 
change in its energy spectrum. Such an ab- 
soiber may function through a combination of 
ynoccsses of true absorption, scattering and 
slowing-down. 

ABSORPTANCE. The ratio of the radiant 
flux absoibed in a body of material to the 
radiant flux meident upon it. Commonly, the 
material is ip the form of a parallel-sided 
plate and the radiation in the form of a 
])arallel beam incident normally on the sur- 
face ot the plate Properly, transmission 
measurements should be cc'rrected for reflec- 
tion and scattering loss(‘s to determine the 
absorjdance. The absorj)tanre may 1)0 meas- 
ured for any radiation, for visible light (opti- 
cal absorj)lance) or as a function of the wave- 
length of the radiation (spectral absorptance). 

ABSORPTIOMETER. A device equipped 
nith a biiiqde disjicrsing system or with fillers 
bv which a determination may bo made of the 
concentration of substances bv tli(*ir absorp- 
tion of nearly inoiiochromatie radiation at a 
select«‘d wavelength. Note that this is the 
third meaning given under colorimeter. 

ABSORPTION. (1) The pn^'-ess whereby 
ihe total number of iiarticles emerging from 
u body of matter is reduced relative to the 
number entering, as a result of interaction of 
the particles villi the bodv (2) The process 
where!) e the kinetic energy of a particle is 
reduced while traversing a body of matter. 
This loss of kinetic energy of corpuscular ra- 
diation Ls also referred to as moderation, slow- 
ing, or stopping (3) The process whereby 
some or all of the energy of sound waves or 
electromagnetic radiations is transferred to 
the subsiance on which thev are incident or 
winch thev traverse. (4) The process of “at- 
traction into (ho mass’^ of one substance by 
another st) that the absorbed substance dis- 
appears physically. 


Absoiption Band — Absorption Coefficient, Linear 
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ABSORPTION BAND. A region of the ab- 
sorption spectrum in which the absoiptivity 

passes through a maximum or inflection. 

ABSORPTION CELL. A glass vessel used 
to hold liquids fur the determination of their 

absorption spectra. 

ABSORPTION COEFFICIENT. (1) For 

th(* absorption of one substance or phase in 
another, as in the absorjdion of a gas in a 
li(iuid, the ab.sorption coefficient is the volume 
of gas dissolved by n specified volume of 
solvent; thus a widcl 3 ’'-used (‘oefficieni is 
the quantity a in the expn'ssioii a - Fo/T'p, 
where Fo is the volume of gas n'duced to 
standard conditions, T" is the volume of liquid 
and p is the partial pressure of tiie gas. (2) 
In the case of sound, the ah^^orption e(»effiei(‘nt 
(^hich is also called the acoustical absorptiv- 
ity) is defined as the fractiem of the incident 
sound energy absorbf‘d by a sui face or me- 
dium, the surface b(‘ing con^'idered part of an 
infinite area. f.S) In the most general use of 
the term absorption coefficient, a]i})lied to 
electromagnetic radiation and atomic and 
sub-atomic particles, it is a measure of tlic 
rate of decrease in iiitensitv of a l)eam of 
photons or particles in its passage tlir<nigh a 
jiarticiilar substance. One complication in 
the statement of tlie absorption co(*fficient 
arises fiom the cause of the decrease in in- 
tensity. When light, x-rays, or other electro- 
magnetic radiation emters a body ot matter, 
it expel icnces in general t\^o types of attenua- 
tion. Part of it is subjected to .scattering, 
being reflected in all din etions, while another 
portion is ah-orbed by being converted into 
other forms of energy. The scattered radia- 
tion may still be effective in the same ways as 
the original, but the absorbed poidion ceases 
to exist as radiation or is re-emitted as sec- 
ondary radiation. Strictly therefore, we have 
to distinguish the true absorption coefficient 
from the .scattering coefficient; but for prac- 
tical purposes it is sometimes convenient to 
add thorn together as the total attenuation or 
extinction coefficient. 

Accurate measurements upon radiation 
which ha.s traversed various thicknesses of 
matter has established that any infinitely- 
thin layer perpendicular to the direction of 
propagation cuts d< the flux density by a 
fraction of its value [ /oportional to the thick- 
ness of til la 3 ’^er, whence by integration 


(when permissible) the flux density after 
having penetrated the medium to a distance 
X is 

/ = 

in which Iq is the flux density just after en- 
trance into the medium (i.e. for x = 0). (See 
the Bougucr law.) For true absorption, the 
constant a is the ab.sorption coefficient. For 
scattering, which obeys the same law, a is 
the scattering coefficiimt. And for the total 
attenuation, including both, it is the extinc- 
tion coefficient, wliich is the .sum of the ab- 
sorption and the scattering coefficients. 

''riic absorption cotfficient may be computed 
for total radiation which enters the absorbing 
material, for the visible luminous radiation 
or as a function of A^avelength, being in that 
case, the spectral absorption coefficient The 
absorption coefficient (li\i(lt‘d by tlie ileisity 
of the absorbing medium is ealhul the mass 
absorplion eoefllcicmt . fSoe absorption coef- 
ficient, mass and other qnalifKMl terms ) 

ABSORPTION COEFFICIENT, AMPLI- 
TUDE. Tli(' al)solut(‘ value t>f the natural 
logantlim of the rnlio of (hi* penk soiiihI jiros- 
siire (^ce sound prcs.surc, peak) or particle 
velocity (see velocity, particle) at two points 
(along the path of the sound beam) a unit 
distance H[)art. It is usually measured in 
nepers/cm. Tn a plane wave, if is the maxi- 
mum particle velocity at and ^2 that at 
Xz, mea.sured in the direction of propagation of 
the wave, the amplitude* absorption coeflieiimt 
a is given by 

a = In -- • 

^2 ~ JTi f2 

ABSORPTION COEFFICIENT, ATOMIC. 

The atomic absorption coeffi(‘ient of an ele- 
ment IS the fractional decrease in intensity, 
p(*r number of atoms per unit area, it is equal 
to the linear absorplion coefficiiait (see ab- 
sorption coefficient, linear) divided i)y the 
number of atoms ])er unit volume, or to the 
mass absorption coefficient (see absorption 
coefficient, mass) divided by the number of 
atoms per unit mass. If the medium consists 
of only one nuclide, the atomic absorption co- 
efficient fia is equivalent to the total cross 
section for the radiation in question. 

ABSORPTION COEFFICIENT, LINEAR. 
The linear absorption coefficient fii is the frac- 
tional decrease in intensity per unit distance 
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Absorption CoefBcient, Mass — A-C Bridges 


traversed, (jr /az = —dl/Idx, where I is the in- 
tensity of the beam and x is the distance 
traversed. 

ABSORPTION COEFFICIENT, MASS. The 
mass absorption coefficient i« the fractional 
decrease in intensity per unit surface density. 
For a substance of deuisity />, /Atn is ccjual to 
/xe//o, and hence is independent of the density. 

ABSORPTION CURVE. Tlie graphical rela- 
tionship between thickness of absorbing ma- 
terial and intensity of transmitted radiation. 

ABSORPTION DISCONTINUITY. A dis- 
continuity appearing in the absorption coeffi- 
cient of a sul)stan(*e for a pariicular type of 
radiation when evj)ressed as a function of the 
en(Tgy (or frcMiucncy or wavelength) of this 
rndiaiion. An ab^or])tion discontinuity is 
often associated with anomalies in other vari- 
ables such as the refractive index. 

ABSORPTION EDGE. Tlu' wavelenoth cor- 
r<'S})onding to an abrupt discontinuity in the 
intenMty of an ab.sorplion spt'clnim, notably 
an x-ray ab'^orption .*•])('(•( rum, which gives the 
app(‘aKinr‘e of a sliarj) eclge in tli<' ])h(»Togra]')h 
of such a spectnun. 

ABSORPTION, EXPONENTIAf. Tho re- 
moval of ph(^tons or ]iait:c]("^ from a b^aiin, 
a^ it tra\el^ throuiih matter, according to 
the exponential rc'lation.-hip; 

/ = loe 

where I is the intensity of the beam a ter 
traveling tlirougli a thic'kncj-'^ of matter .r, 
/() is the initial intensity of the beam, p is 
the ap]U’ 0 ])riate ab'^orjilKiii coelTicient, and e 
IS the natural logarithmic l)ase. 

ABSORPTION FACTOR. In any absorb i e 
vsystem, esp('cially in the case of absorptic n 
ot radiation, thi‘ ratio of tlit‘ total unab'^(U•bl d 
radiation to the total incident radiation, ot to 
the total radiation transmitted in tlic abs(‘nce 
of the absorbing snbstancH. (Cf. absorptiv- 
ity.) 

ABSORPTION INDEX. In traxersing per- 
pendicularly a thin layer of absorbing mate- 
rial of thickness d, the amplitude of vibration 
of light of wavelength A decreases in tho ratio 



where k is the absorption index. In conse- 
quence, the ratio of the intensities of the 
emerging and incident light is given by 

h/To^e 

For an absorbing layer of thickness A this 
ratio becomes 

h/Io = 

The absorption coefficient is given by 

/j//, = 

hence 

a = Ittk/X. 

ABSORPTION LIMIT. See absorption dis- 
continuity. 

ABSORPTION LOSS, ACOUSTIC. That 
l>arl of the transmission loss due to the dissi- 
Tiation or conversion of sound energy into 
other foims of energy (e.g., heat), either 
within the medium or attendant upon a reflec- 
tion. 

ABSORPTION MESH. A filter element used 
in a waveguide system to absorb spuriou.s 
(•(^mponents of electromagnctie energy. 

ABSORPTION MODULATION. Pee modu- 
lation, absorption. 

ABSORPTION, SELECTIVE. Absorption 

vhich varies in amonnl with wavelength. 

ABSORPTION SPECTRUM, See spectrum, 
absorption. 

ABSORPTION TRAP. See trap. 

ABSORPTIVE POWER, OPTICAL. The 
.same as absorptivity. 

ABSORPTIVITY, OPTICAL. The trans- 
missivity Mibtraeted from unity. 

ABUNDANCE RATIO. The proportions of 
the x^ariuiis isotopes making up a particular 
speeimen of an element. 

ABVOLT. The cgs electromagnetic unit of 
potential difference and electromotive force. 
It is the potential difference that must exist 
between two points in order that one erg of 
xvork be done when one abcoulomb of charge 
i.s moved from one point to the other. One 
ahvolt is 10" ^ volt. 

A-C. Set alternating current. 

A-C BRIDGES. See bridges. 


A-C-D-C Receivers — Acceleration, Units of 
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A-C-D-C RECEIVERS. Radio receivers de- 
signed without transformers in the power 
supply so they may be connected to cither 
alternating-current or direct-current circuits. 
The heat CIS or filaments of the various lubes 



Plate supply of a-c-d*c receiver 


are connected in scries with the proper series 
or paralJel resistors to adjust tlie current to 
the correct \alue. Tht* d-c voltaic for the 
plates is obtained from a lectificr- filler cir- 
cuit connected directly to the line. A simple 
half-wave type is shown. Such supplies prc'- 
vent the use of a direct ground since tlie 110- 
volt line has one side grounded and there is 
always the pos^bility of connecting the re- 
ceiver plug so it would sliort the line if the 
receiver were grounded. 

A-C MAGNETIC BIASING. Sec magnetic 
biasing, a-c. 

A C PLATE RESISTANCE. See dynamic 
plate resistance. 

ACCELERATING CIUMBER. ^nv evacu- 
ated envelope in which chaigcd particles are 
accelerated. 

ACCELERATING ELECTRODE (OF AN 
ELECTRON-BEAM TUBE). See electrode, 
accelerating (of an elcclron-bcam tube). 

ACCEI.ERATING TUBE. An accelerating 
chamber of general tubular constiuction, 
either toroidal as in a betatron or c\ lindrical 
with a large Icngth-to-diameter ratio as in an 
electrostatic accelerator or linear electron ac- 
celerator. It may be sealed oil or continu- 
ously evacuated. 

ACCELERATION. The time rate of change 
of velocity. Like velocity, acceleiaiion is a 
vector quantity, requiring the specification of 
both a magnitude and a direction. The de- 
fining equation is 

dy 

a = — 
dt 

where v is the insi ii taneous velocity and t 
the time. Accclcratijn may be indicative of 
a change in -nceJ, of a change in the direction 


of a velocity of constant magnitude, or of a 
combination of the twm. The quantity just 
defined is strictly speaking the instantaneous 
acceleration. (Cf. acceleration, average.) 

ACCELERATION, ANGULAR. Angular ac- 
celeration IS the time rate of change of the 
angular velocity, expressed by the vector de- 
nvafive da^/dt. Only in case the direction of 
the a\ib remains unchanged can the angular 
velocity and angular acceleration be treated 
as scalars. The effect of torque applied to a 
body free to rotate about an axis is to give it 
angular acceleration, and the opposition of- 
fered by the body to this process gives rise to 
the concept of moment of inertia. 

ACCELERATION, AVERAGE. If the in- 

stniilaneouis velocity of a paiiicle is Vi at a 
given in'-tant and vo at a tune At later, the 
average acceleration during the time At is de- 
fined as: 

V2 - Vi 

a IV — 

At 

ACCELERATION, INSTANTANEOUS. See 
acceleration. 

ACCELERATION OF GRWITY, TD The 

laiio of the veiglit of a material paitielc to 
its mass at any sja'cific point in an apprrrxi- 
inately unifonii graM(a(iona] field. This is 
the acceleration with whicii a body would 
fall in (lu‘ absence of all other di'^tuibiiig 
foiees, such a^ those due to friction 

(2l S}) 0 ( ificallv, the acc(‘loration with 
which a body tails ?>/ vacuo at a gi\en point 
on or near a given i)nint on the earth’s sur- 
face. This acceleiaiion, frequently denoted 
by Qj varies by less than one percent over the 
entire surface of the earth Its ‘‘average 
Aahif*” lias ])ecn defined by the International 
Commission of Weights and Measures as 
9S()bb.3 M/S2 or 32 174 ft/S^. Its value at 
tla pnlc> is 9 S321 M/S“ and at the equator 
0 7799 .AT/S-. 


ACCELERATION, UNITS OF. The dimen- 


sional expression for acceleration is 
becomes: 


L 

ji2 * 


This 


iu the egs system: 


cm 


in the lb ft sec or English system: 

M 

in the MKS system: 

S* 


ft 
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Accelerator, Constant-potential — Achromat 


ACCELERATOR, CONSTANT ■ POTEN- 
TIAL. A device in which a d-c potential is 
applied to an accelerating tube to produce 
high-energy ions or electrons. 

ACCELEROMETER. (1) An instrument for 
determining the acceleration of the system 
with which it moves. (2) A transducer which 
gives an indication, usually in the form of a 
voltage projmrtional to the acceleration to 
which it is subjected. 

ACCEPTOR (IN A SEMICONDUCTOR). 
See acceptor impurity. 

ACCEPTOR ENERGY LEVEL. An ac- 
ceplor impurity atom in a crystal is ecjuiva- 
lent to an excess negative charge, since its 
atomic core is insufficiently charged to neu- 
tralize its share of (he covalent bonding elec- 
trons. ('onsequenlly, it can attract a posi- 
tive charge, such as a hole in flic electron dis- 
tribution, forming bound states which he jiisr 
above (he (o|) of the valence band. 'I'lie pro- 
motion of an electron to one of these levels 
frees a hole for conduction, a.s in a p-tyjie 
semicoiuluctor (see semiconductor, p-type). 

ACCEPTOR IMPURITY. An impurity, in a 
semiconductor, which may induce hole con- 
duction. Such an impurity is capable of ac- 
cepting an electron from the valence band, 
forming an acceptor energy level. 

ACCESS TIME. (1) The time interval, 
characteristic of a memory or storage device, 
between the instant at which information is 
roquc.''led of the memory and the instan* at 
wliich this information liegins to he available 
in useful form. (2) The time interval be- 
tween the instant at which information is 
available for storage and the instant at which 
it is effectively stored. 

ACCESSIBLE TERMINAL. A network 
node that is available for external connec- 
tions. 

ACCIDENTAL DEGENERACY. See Fermi 
resonance. 

ACCOMMODATION COEFinCIENT. A 

quantity defined by the equation; 

Ts - Ti 

(X 

T2-T, 

where Ti is the teinperature of gas molecules 
striking a surface which is at temperature 


T 2 f and is the temperature of the gas mole- 
cules as they leave the surface, a is the ac- 
commodation coefficient. It is, therefore, a 
measure of the extent to which the gas mole- 
cules leaving the surface are in thermal equi- 
librium with it. 

ACCOMMODATION, OCULAR. Accom- 
modation of the eye for objects at different 
distances is brought about by changes in the 
tension of the ciliary muscles which control 
the shape of the crystalline lens. 

ACCUMULATION COEFFICIENT, A 

term sometimes used specifically to denote 
the rate of increase in the concentration of 
adsorbed molecules u])on a surface, in relation 
fo tlic concentration of tliat molecular species 
in the phase in Cvintact with the surface. 

ACCUMULATION POINT. One of a set 

such that any neighheu’hood of this point, no 
nmlter how small, contains a member of the 
set. Ail th(' points of a set which is every- 
w'hero dense arc accumulation points. 

ACCUMULATOR. A device w^hich stores a 
number and, upon reception of a new num- 
ber, adds it to the previous contents and stores 
the sum. An aceumulator may have proper- 
ties such as shifting, sensing signs, clearing, 
eum[)lcmenting, etc. 

ACCURACY. The quality of correctness or 
freedcuij from error. Distinguished from pre- 
cision as in the examples: (a) . . this pro- 

cedure measures the precision (reproducibil- 
ilv) of the test, not its accuracy (closeness to 
the true value).” (b) A four-place table cor- 
reelly computed is more accurate hut less pre- 
cise than a six-placc table containing errors, 
(c) The aeeuracy of an instrument is a nuin- 
l)er or quantity w^hich defines its limit of error. 
(See al'^o precision.) The actual error in 
measurement can seldom be determined, but 
its magnitude may usually be estimated. 

ACCURACY IN MEASUREMENT. The de- 
gree of correctness with which a method of 
measuring yields the “true” value of a meas- 
ured quantity. It is usually expressed in 
terms of error, the units being those of the 
measured quantity or the ratio (or percent) 
of the error to the full scale value or to the 
actual value. 

ACHROMAT. A compound lens corrected so 
as to have the same focal length for two or 


Achromatic — Acoustic Generator 
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more different wavelengths. Commonly the 
F- and C-lines are the chosen wavelengths. 

ACHROMATIC. (1) Free from hue (see 
achromatic color). (2) Transmitting light 
"without showing its constituent colors, or 
separating it into them. 

ACHROMATIC COLOR. Devoid of hue. 
Such a color is often called grey. 

ACHROMATIC COMBINATION. If re- 
versed crown and flint prisms are made of 
such angle Uiat the angles of dispersion be- 
tween any two different wavelengths of liglit 
arc alike but reversed in direction, then these 
two colors will not be sejiaratod and all colors 
lying between them will be separated little if 
any from each other. By using three kinds c»f 
gla^s it is po«^sil)Ie to bring three colors to- 
gether. Wlien the dispersions balance, the 
deviations will in gtaieral not balanee. This 
same principle is userl in making achromatic 
len'^es. Achromatic have a niaximimi 

of deviation and a iiiminiiim of dispersion 
wliile an Amici prism disfierses the light with 
a minimum of deviation. 

ACHROMATIC LOCUS. Chromaticities 

which may be acceptable ref<reiice .staiulards 
under eircunisianees of common oeciirreneo 
are roprescaited in a cliromaticily diagram by 
points.- in a n^gion which mav be called the 
"achromatic locus’^ Any point within the 
achromatic locus, chosen as a refenmee ])oint, 
may i)e calk'd an “achromatic point.” Such 
points liave also be<‘n called "white points/’ 
How'cver, the term "white ])oint” is best used 
to spc'cify ili(* inter^eelioii of the various 
acliromaiie loci obtained uiulcr dilTi'rent con- 
ditions of aflaj)tation. 

ACHROMATIC POINT. Tlic point on a 
chromaticity diagram (hat represents an 
achromatic stimiilu.s. 

ACHROMATIC STIMULUS, fl) A visual 
stimulus that is capable of exciting a color 
sensation of no hue. (2) In {iraeticc, an ar- 
bitrarily-chosen chromaticity, such as that of 
the prevailing illumination. 

ACHROMATISM. The state or quality of 
being achromatic. 

ACROMATISM, T G. See D-G acromatism. 

ACOUSTIC. The word "aeoiislic,” wdicn 
used as a ^dilymg term, means containing, 


producing, arising from, actuated by, or car- 
rying sound, or designed to carry sound and 
capable of doing so. 

ACOUSTIC BRANCH. See acoustic mode. 

ACOUSTIC CAPACITANCE, SPECIFIC. 
See capacitance, speciRc acoustic. 

ACOUSTIC CENTER, EFFECTIVE. An 

acoustic generator, the point from w’hich the 
spherically divergent sound waves, observable 
at remote points, appear to diverge. 

ACOUSTIC COMPENSATOR. A device for 
adjii>iing acoustical path lengths for matching 
purjHises ill binaural listening. 

ACOUSTIC COMPLIANCE. See compli- 
ance, acoustic. 

ACOUSTIC DEPTH FINDING, ECHO 
METHOD. In determining ocean (lej)ths, a 
sound puKe is emitted from a l()ud^])eak('r 
muiinted on tlie ship’s hull and divected down- 
w^ard. The jiulse 1“^ relleeted from the ocean 
bottom and received by a luill-mnunt(‘d micro- 
])}ion(*. The returned signal is jilotted as the 
ordinate on a n'corder, wdth time a'^the al)- 
scissa. The mechanism records c\ery fc'vv 
seconds, so that a virtually continuous trace 
of depth vs. time, or deptli vs. distance trav- 
eled by ship, is n'cordecl. 

ACOUSTIC DETECTOR, BROCA TUBE. 

An early type of i)re^sure sensitive aeoustie 
receiver, consisting of ii .-phere of rubber or 
slx'ct metal mounted at the end of a listening 
tube. 

ACOUSTIC DETECTOR, DISPLACE- 
MENT. Any acoustic receiver that measures 
directly the displacement of the medium. 

ACOUSTIC DETECTOR, PRESSURE. Any 

acoustic receiver that is operated primarily 
by the excess pressure produced by the sound 
in the medium in w'hich the detector is placed. 

ACOUSTIC DISPERSION. See dispersion, 
acoustic. 

ACOUSTIC FEEDBACK. The returning of 
a fraction of the output of an acoustical de- 
vice to tlie input of the same device. 

ACOUSTIC FILTER. See filter, wave. 

ACOUSTIC GENERATOR. See generator, 
acoustic. 
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Acoustic Horn — Acoustical Ohm 


ACOUSTIC HORN. See horn, acoustic. 

ACOUSTIC IMPEDANCE. See impedance, 
acoustic. 

ACOUSTIC IMPEDANCE, SPECIFIC. Sec 
impedance, specific acoustic. 

ACOUSTIC INERTANCE. Sec mass, acous- 
tic. 

ACOUSTIC INTERFEROMETER. See in- 
terferometcr, acoustic. 

ACOUSTIC MASS. Sec mass, acoustic. 

ACOUSTIC MODE. A type of thermal vi- 
bration of ii cry.stal laitieo (see space lattice) 
winch, in <he limit of long wavelengths, is 
eciuivalent to an acoustic w’ave travelling v ith 
neaiiv constant velocity as if through an elas- 
tic continuum. At high trequcncies, ap- 
pioa clung the Debye frequency, the phas(‘ 
Aclocity of the acoustic modes tends to d(‘- 
fK'ji^e, owing to dispersion 

ACOUSTIC PICKUP (SOUND BOX). See 
pickup, acoustic (sound box). 

ACOUSTIC RADIATING ELEMENT. See 
radiating element, acoustic. 

ACOUSTIC RADIOMETER. S( e radiom- 
eter, acoustic. 

ACXIUSTIC REACTANCE. See reactance, 
acoustic. 

ACOUSTIC REACTANCE, SPECIFIC. See 
reactance, specific acoustic. 

ACOUSTIC REFRACTION, ^ee refraction, 
acoustic. 

ACOUSTIC RESISTANCE. Sei resistance, 
acoustic. 

ACOUSTIC RESISTANCE, SPECIFIC, 
resistance, specific acoustic. 

ACOUSTIC SCATTERING. See j,cattcrmg, 
acoustic. 

ACOUSTIC STIFFNESS. Sr- stiffness, 
acoustic. 

ACOUSTIC TRANSMISSION SYSTEM. *See 
transmission system, acoustic. 

ACOUSTIC UNITS. In aeoustics, the eenti- 
tneter-gram-second (cgs) system of units has 
heen and is at present predominantly used, 
but some practical units such us English and 


metric system units of length are also being 
u^ed, and the watt is eomnionly being em- 
jiloyed for designating acoustic power. In 
recent \eais tlune has been a trend toward 
adojilion of the rationalized mctcr-kilogram- 
sccond 01 units in many fields of sci- 

ence and engineering TluTcforc the ]Mks 
unit‘^ are ineluded in conversion table on page 
10, e^en though they have not been employed 
in acoii^'lics. 

ACOUSTICAL. Wh' n used as a (jualifying 
tdiu diiiotes rehit('d, pertaining to, or as^o- 
(ia((tl with sound, but not having its proper- 
ties or charaf teiisties 

ACOUSTICAL ABSORPTION COEPTI- 
CIENT. See sound absor])tion coeflicient. 

ACOUSTICAI. ABSORPTIVITY. S( e sound- 
absorption coefficient. 

ACOUSTICAL ADJUSTMENT OF ROOMS. 

The modifn at ion of the a\eiage sound absorp- 
tion coefficient ol a riKun by the mtioduction 
ol acouMiCcil mateiial'^ of gi eater oi lesser ab- 
M)jj)(iMty. 

AC:OUSTlC AL ATTENUATION CON- 
SFANT. tSu' also absorption coefficient, 
amplitude.) The acoustical attenuation con- 
stant is the leal ])ait ol I lie acoustical piopaga- 
ti( n constant The commonly used unit is 
the neper ptr m ctiou or pi r unit lijstance. In 
(he case of a s\ mnu'tiieal stT-uetur*', the real 
paits of both ^he transfer constant and the 
acoustical propagation constant are identical, 
and iK'ue b( t n called the ‘'wavelength con- 
stant ” 

ACOUSTICAL ELEMENTS. Tlie i>aram- 

co‘is, 'in.doLOiis to elrctiiiad elements, that 
c haiactei i7(^ tin' adioii of each component of 
ail acoustical s\‘slrm 

ACOUSTICAL MIRAGE. The didortion of 
a wa\c front by a stioiig temperature gradient 
.so that part ot the wave front overlaps an- 
ollur, creating the illusion of two sound 
sources although only a single source exists. 

ACOUSTICAL OHM. An acoustic resist- 
ance, leiictance, or mi]>edancc has a magnitude 
ot one acoustical ohm when a sound i/ressure 
of 1 microbar pioduces a volume velocity (see 
velocity, volume) of 1 cubic centimeter per 
second 
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ACOUSTICAL PHASE CONSTANT. The 

acoustical phase constant is the imaginary 
part of the acoustical propagation constant. 
The commonly used unit is the radian per sec- 
tion or per unit distance. Note: In the case 
of a symmetrical structure, the imaginary 
parts of both the transfer constant and the 
acoustical propagation constant are identical, 
and have been called the “wavelength con- 
stant.” 

ACOUSTICAL PRINCIPLE OF SIMILAR- 
ITY. Fot- any acoustical system involving 
diffraction phenomena, it is possible to con- 
struct a new system on a different sc.ale which 
will perform in similar fashion, provided that 
the wavelength of the sound is altered in the 


same ratio as the linear dimensions of the orig- 
inal system. 

ACOUSTICAL PROPAGATION CON- 
STANT. Of a uniform system or of a section 
of a system of recurrent structures, the natural 
logarithm of the complex ratio of the steady- 
state particle velocities (sec velocity, particle) , 
volume velocities, or pressures at two points 
separated by unit distance in the uniform sys- 
tem (assumed to be of infinite length), or at 
two successive corresponding points in the 
system of recurrent structures (assumed to be 
of infinite length). The ratio is determined 
by dividing the value at the point nearer the 
transmitting end by the corresponding value 
at the more remote point. 


Conversion of Prf.sp:nt Acoustical Units into Mks Units 


Quant ity 

Dimension 

Present Unit 

Mks Unit 

Con- 
version 
Factor * 

Sound velocity 
(particle velocity) 

LT-‘ 

cm per second 

meter per second 

* 

,0-J 

Volume velocity 

I/T* 

cubic cm per secorirl 

cubic meter per second 

10-* 

Sound energy 

MLn-^ 

erg 

joule 


Force 

MLT-- 

dyne 

newton 

10-'’ 

Sound pressure 

(sound-energy density) 

ML 

microbar 

newton per square 
meter 

10“-^ 

Sound-cn(Tg>' flux 

(sound f)Ower of source) 

MLn’ 

erg p(T second 

watt 

10-7 

Sound intensity 

(specific sound-energy flux) 

jIT-a 

ej'g per second per 
square cm 
watt per .square cm 

wal t per square meter 

10-> 

10* 

Acoustic iiripedancc 
(resistance, reactance) 


acoustical otim 

Mks acoustical ohm f 

10' 

Specific acoustic imfiedanco 

ML-^T-* 

acou.stical ohm X 
square cm 

Mks acoustical ohm f 

X square meter 

10 

Mechanical imjiedanco 
(resistance, reactance) 

MT-‘ 

mechanical ohm 

Mks mechanical ohm f 

10-* 


* Multiply the magiie ^de expressed in present units by the tabulated conversion factor to obtain magnitude in 
mks units. 

t Mks aroii^.ical ohm and mks mechanical ohm are proposed terms. 
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Acoustical Reflectivity — Action Variable 


ACOUSTICAL REFLECTIVITY. See sound- 
reflection coefficient. 

ACOUSTICAL TRANSMITTIVITY. See 
sound-transmission coefficient. 

ACOUSTICS. In the broader sense, acoustics 
is the physics of sound, treated in all its as- 
pects. Commonly, however, the term is re- 
stricted to a study of the transmission of 
sound through various media or in various 
enclosures or conduits, including the effects 
of reflection, refraction, interference, diffrac- 
tion, and absorption. 

The investigation of such problems as the 
passage of sound through simple tubes, 
tubes having branches, or through cavities of 
various shapes, such as musical instruments 
or resonators, reveal certain remarkable anal- 
ogies to the thetir>" of a-c circuits. Thus one 
encounters the pro])erty known as acoustic 
impedance; with its (‘omponents, acoustic re- 
sistance and acoustic reactance, the latter be- 
ing dependent upon the acoustic inortance 
(analogous to inductance) and acoustic com- 
pliance (sometimes called acoustic capaci- 
tance). These correspond to analogous prop- 
erties of a-e circuits, in which tlu* electric 
iinpuLses may be compared to acoustic weaves 
with electricity as the medium The acoustic 
ro^^istanre, inertanee, and compliance depend, 
res])ectively, upon the viscosity, the density, 
ami the elasticity of the medium (Siec im- 
pedance, acou.stic; mass, acoustic, etc. See 
also entries under sound.) 

ACTINIDE SERIES. A term derived V 
analogy to the lanthanide series to denote 
olemenU of atomic number 89-103 inclusive. 
Members of this seiie> include the known ele- 
ments actinium, thorium, protaetniium, ura- 
nium, neptunium, ])]u1onmTn, americium, cu- 
rium, berkclium, californium, clement 
element #100 and element #101. It is be- 
lieved that the elements #102 and #103 will, 
when discovered, probably belong to this 
'series. The justification for this grouping is 
found in the existence in the higher elements 
of (III) oxidation states similar to actinium, 
and (IV) oxidation states similar to thorium. 
Certain similarities also ovist betw'cen the 
atomic spectra and magnetic properties in the 
two series. 

The names einsteinium, fennium and men- 
delcvium have been proposed for elements 
#99, #100 and #101. 


ACTINIUM. Radioactive element. Symbol 
Ac. Atomic number 89. 

ACTINOMETER. An instrument which 
measures the intensity of photochemically ac- 
tive radiation, by determining the fluorescence 
of a scre en or the extent of a chemical decom- 
position reaction initiated by the incident 
radiation. 

ACTINOMETRY. The determination of the 
photocliemical intensity of light. 

ACTION. The action of a dynamical system 
is the space integral of the total momentum 
uf the system. Specifically, if r, is the position 
vector of the ;th particle of the system and 
ruj is the mass, the action for the path going 
from Pi to P 2 is 

I Xmjtj-drj 

Jp, 

\vhere the integral is taken along the actual 
path from P^ to P 2 . The integral can be shown 
to reduce to the form 



where Ej^ is the total kinetic energy of the 
sv'^tein and ti and are the times at w’hich 
the system is in positions Pi and P 2 respec- 
tively. (Cf. least action (principle of).) 

ACTION AT A DISTANCE. Theory of the 
interaction bi'tween charged particles in which 
the (‘lectrumagnetic fields do not appear ex- 
pliatly. In particular the AVheeler-Feynman 
theory, in which radiation damping appears 
AN lien a particle is .surrounded by a complete 
ab'^orber of radiation. Thus on the one hand 
radiation damping arises as a consequence of 
statistical theory, wdiile on the other the equa- 
tions of motion of a classical charged particle 
arc those of the Dirac classical electron 
theory. 

ACTION, PRINCIPLE OF LEAST. See least 
action, principle of. 

ACTION TIME, VISUAL. The period of 
visual stimulation necessary to permit a visual 
sensation to attain maximum strength. 

ACTION VARIABLE. If one of the momenta 
of a classical dynamical system yields a closed 
curve when graphed against the conjugate co- 
ordinate, the area contained within this curve 
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IS the arlion wariable corresponding to this 
degree of freedom [Tbuallv denoted J 

ACTIVATION. (1) In nucleai ph\bics the 
prooes-? oi inducing radioactivity through 
neutron bombaidnient oi bv otlur Ivpos of 
radiation (see cross section, activation). (2) 
In eleetion-tiihc teehnologv, the process by 
^\hleh tlie cathode is ticated in order that 
maxmiuin emission may occur <3) Tlie 
transfer of a ^ufEc icnt ciuantitv of onoigy to 
an atomic ‘^yi?icm to lai'^e it to an excited 
state in ^hicli it can f) iilicpiate in a process 
not possible ulnn the system is in its giound 
htate (See activation energy.) 

ACTIVATION ANALYSIS. A method oj 
analysis by means ol isotopes in which a small 
cjuantity ot an clement that is difficult to d(‘- 
termine is cxjiosed to acfnating paiticks (e g , 
deuterons m a cyclotron (»i neutrons m a 
nucleai reactoi) One oi nioit of the ‘-table 
isotopes of tlif‘ ekment are thus coin cited to 
radioisotopes which can he (kte( ted hv then 
chanicteii‘>tic ladiations and half-lues l^y 
treating ^iiuiLiily a compniison simple eon- 
taming a known juopottiori ot the guen ele- 
ment the analysis can be made c|Luiitit itu e 

ACTIVATION ENERGY, The e\cc ss c nei gy 
over the ground state which must be acquiucl 
b> an atomic in oidei th it a ])aiti(ul ii 

piocess may oec iii IXampk are the eneigy 
needed by a mokcule to take p iit in a chem- 
ical reactjcin. by an eleition to umcIi the con- 
duction hand in a semiconductor, 1)\ i lattice 
defect to move* to a neighboiing ^ite 

ACTIVATION ENERGY FOR LIQUID 
FLOW. It a licpiid is legciidi 1 i*- ui iiiipci- 
feet solid, the yielding to an ai^iilud ‘-iicai 
stress takes jdace at a ^ate tliat depends on 
the freciucniy with which mole rules leave 
their positions in the iinpei fee t crystal lattice. 
The vaiiation of this frtciucncv with tempera- 
ture IS dcacnbcd by tlic eiuigy reouiied for an 
interchange of a molecule between the lattice 
and the free volume in the Injuid If this 
activation eneigy is Imcaily cJeperident on 
tempeiature at constant pressure, the slope 
of the luge f) 1/kT plot gives the activatiem 
eneigy at low tcMupc raturcs 

ACTIVATION ENERGY, RELATION BE- 
TWEEN THERXl^L AND OPTICAL. For 

a process <^uch a'^ t le emission of an eleetion 
from an eenter, the theimal and op- 


tical activation energies are not usually equal. 
In optical emission the surrounding ions do 
not move (Franck-Condon principle). The 
energy required (mn) is thus larger than in 
thermal activation, when the surrounding ions 
will necessarily be in the most favorable 
onentation for the transition to take place 
(mnO. 



ACTIVATOR. An impurity atom pic sent m 
a solid <111(1 making possible the c ffoets of 
luminescence, or markedX im leasing their 
(fli( lOTiLV’' L\am])]es aie copjK i m zinc sulfide, 
lud thallium lu potassium (hloiido 

\CTIVE. This woid is used in nuclear ])hvs- 
i(s loi tliice sp('cial meanings ( 1 ) iMssmnalile 
lactue matcri.ik ( 2 ) Ridioufuc^ (active* 
sarujile) ( 3 ) The active pait ol a reactor is 
the* coie (active lattice ) 

ACTIVE CENTER. Atoms winch bv their 
liO'-ition on a suilace, such as at tlie apex of 
a peak or on the edge or coiner ot a crystal, 
sliaie vMth ncighboiing atoms an ahnoiinally 
small poition of then electrostatic field and, 
tlicTcfoH have a hirge lesidiial field available 
for catalytic activity or for adsorption. 

ACTIVE DEPOSIT. In general, any radio- 
active material deposited on a surface Spe- 
cifically, any ladioactive decay product de- 
posited on a surface in contact wnth a radio- 
active gas, especially the gases radon, actinon 
and Ihoiun 

ACTIVE LINES. In television the number 
of lines which arc actually used to display pic- 
ture information 

ACTIVE MASS. Mass per unit volume, usu- 
ally expressed m moles per liter (a concentra- 
tion factor) 

ACTIVE PRODUCT. A radioactive decay 
product of a radionuclide* 

ACTIVE TRANSDUCER. See transducer, 
active. 
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Activity — Additivity, Principle of 


ACTIVITY. (1) Radioactivity. (2) The in- 
tensity or strength of a radioactive source, i.e., 
the number of atoms disintegrating in unit 
time, or derivatively, the number of scintilla- 
tions or other elfects observed per unit time. 
Activity is often expressed in curies or ruthcr- 
fords or roentgens per hour at one meter. (3) 
The apparant effeotive concentration of a sub- 
stance in a reacting system. In many rela- 
tionships involving concentrations, it has been 
found that the use of actual concentrations 
docs not give calculated results which agree 
with observed results, because of tlu' departure 
from ideality of real gases and solutions (due 
to such causes as, for example, the influence 
of interionic or intermolccular attraction). In 
such cases, instead of concentrations, activi- 
ties may be used. Thus, the activity a, of the 
?-th component in a comf)lcx phase is defined 
by the relationship: 

llr — fJ>r^ = RT ifl (It^ 

whore /y, and /tr^ are the chemical potentials in 
the systi'in and in soiui' standard state at the 
sauu‘ ci’inperature. T (tlie standard •^talo is 
usually defined as the ()ure state* of tlie coiu- 
]H)iient ) and wfliere* B i> the ga^ constant For 
the aetivitv of solutions, <t, may be replaced 
by .r, b, v/here .r, is the mole* fraction (d com- 
))oiH‘nl r in the soluiion, and f, the activity 
coefficient, so (hat tin* e(pia(i()ti become^: 

Mr ~ m/' - RThlxJr 

ACTIVITY COEFFICIENT. I lu ratio of 
activity (definition (3)) to euncentratio 
Thii^ Ihe activity eoc'flicient I, of the rtli eon - 
})onent in a complex ])luise is <h lined as 



where Or is the activity and .r, , the concentre 
tion It is a thermodynamic function used m 
exj)ressing the chemical potentials of real 
gases and solutions, and it is a useful measure 
of the departure from identity of these sy.^- 
teins. 

ACTIVITY COEFFICIENT, RATIONAL. 
The activity coefficient obtained by deriva- 
tion from the Debye-Hiickel theory of eh*cir('- 
lytes. 

ACTIVITY CURVE. A graph in which the 
activity (definition (2)) of a radioactive 
source is plotted as a function of tune. 


ACTIVITY OF AN ELECTROLYTE, MEAN. 
See mean activity of an electrolyte. 

A.D. See average deviation. 

ADAMANTINE COMPOUND. A compound 
having in its crystal structure an arrangement 
of aioius essentially that (»f diamond, in wdiich 
every atom is linked to its four neighbors by 
covalent bonds. An example is zinc sulfide, 
but it IS to be noted tliat the eitrht electrons 
invohed in forming the four Ixnids are not 
provided eciually by tlu zinc and sulfur atoms, 
tlie sulfur yielding its six valency electrons, 
and the zme, t\\(r This is the structure of 
typie/il semi(*onductors, c.g., silicon and 
germanium. 

AbCOCK ANTENNA. See antenna, adcock. 

"ADD" CIRCUIT. See comparator. 

ADDER. A de\ .ce whicli can form the sum of 
two or more luinihers, or quantities, impressed 
upon it. 

ADDER, ALGEBRAIC. An adder which can 
form an algebraic ^um. 

ADDITION OF VI]LOCITIES. The law de- 
rived horn s])ec]al relativity tlnory relating 
the \eloei(K> Vi/j, v^^r, \ where v ^r^ is the 

\elocity ()l A n‘latn'e u) etc. For motion 
in one (limension it becomes 

f'AD — VCB 
l^AC 

For lelative velocities oinall compared \vith the 
velocity c of light in a vacuum, the law reduces 
to the non-relativist ic vector addition law for 
relative velocities: 

vjc = V\B — vr^. 

ADDITIVE COLOR PROCESS. A system 
of color pliotografiliy in which the color syn- 
thesis 1 ^ obi allied by tlie addition of colors 
one 10 another m the form of light gather 
than as colorants. 

ADDITIVITY, PRINCIPLE OF. The prop- 

ertH\s of a solution of a strong electrolyte are 
the sum ot the individual ])ioperties of its 
ions. In general, an additive property applies 
to a system where it is the sum of the individ- 
ual properties of the constituents. The only 
property, however, which is truly additive is 
mass. 


Additron — Adiabatic 
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ADDITRON. A Canadian special-purpose 

computer tube. 

ADDRESS. Infonnation (usually a number) 
which designates a particular location in a 
memory or storage device. 

ADF. Abbreviation for automatic direction 
finder. 

ADHESION AND COHESION. In physics, 
the terms adhesion ami cohesion dcsignaic 
intermolecular forces holding matter together. 
The tendency of matter to hold itself together 
or to cling to other matter is one of its most 
characteristic properties. Adhesion and co- 
hesion are merely diHcrcnt asiiects of the same 
phenomenon, which is apparently of the na- 
ture of an intermolecular attraction AVe 
speak of cohesion as an interaction between 
adjacent parts of tlie same body and as acting 
throughout the interior of it^ substance, while 
adhesion refers to a similar interaction be- 
tween the closely contiguous surfaces of adja- 
cent bodies. 

There is reason to believe that as two neu- 
tral molecules or atoms approach each other, 
their mutual potential energy reaches a mini- 
mum value at a certain equilibrium distance; 
so that w'ork would bo neces^-aiy either to push 
them closer or to pull them farther apart, be- 
cause of foices which are probably electrical 
The distribution of molecules, ions, or atoms 
in a solid is determimd by this type of cipii- 
librium. and the regular spacing of crystal 
structure and the architecture of the molecule 
itself arc dependent upon it. Any force tend- 
ing to diminish the equilibrium distance meets 
with the rapidly increasing reaction of com- 
pressive elasticity, while any force tending to 
increase it is opposi^rl by cohesion, which in- 
creases at first and then rapidly diminishes to- 
ward zero as tlic point of fracture is reached. 

The behavior of bodies w'hich are aggregates 
of crystals or of fibers is complicated by the 
fnction and the adhesion of the adjacent par- 
ticles, so that the ultimate strength of a ma- 
terial is not a safe measure of its true cohesion. 
A filament of spun quartz may be much 
stronger when freshly drawn than later when 
crystallization replaces its initial cohesion by 
the adhesion between separate’ crystals; and 
yarn is not nearly so strong as the cotton or 
wool fiber com] js.ng it. 

Adhesion incrj.ises with closeness of contact. 
This explains w^hy one must bear down with 


a pencil to make a mark on paper, why fine 
dust adheres more firmly than coarse sand, 
and why a liquid or a gum usually sticks to a 
solid better than another solid does. 

Cohesion in liquids is usually less, and in 
gases it is always much less, than in solids. 
Aside from the pressure in liquids due to ex- 
ternal causes, there is presumably a very great 
internal or intrinsic pressure, due to inter- 
molecular attraction, but not capable of direct 
mca'^uremeiit by means at our disposal. The 
clearest evidences of its existence are the work 
recpiired for thermal expansion and the phe- 
nomenon of surface tension. 

ADHESION TENSION. The work required 
to enlarge the surface between a solid and a 
liquid IS called the adhesion energy, and it 
may be expressed as tlie adhesion tension in 
units of force per unit of surface. 

ADHESION, WORK OF. The work of ad- 
hesion W All betw'(‘(‘n two liquids A and B is 
the increase in free surface energy (see sur- 
face energy, free) on separating 1 cni^ of in- 
terface AB 

Waj{ "= lA + Ti? ~ 

where and yn are the surface tensions of 
A and B rcspcdnely against tlieir vapors, and 
y,/, the interfacial tension. For a solid- 
liquid interface the work of adhesion i*^ 
didinofl a'^ (he work required to separate 1 ciu'^ 
of interface m a vacuum to give a naked solid 
surface 

WsL = XS + JL — ySL 

where ys and y^ are the surface free energies 
measured in a vacuum. It may be shown that 

= T5 — ySVQ + 77.(1 4* cos dfj) 

where y^^o is Ihc surface tension of the solid 
covered by an absorbed film of liquid in equi- 
librium with the vapor, and 6^ the equilibrium 

contact angle. 

ADIABAT. If a thermally-isolated system 
moves through a series of equilibrium states, 
the locus of the points representing these states 
on a graph is called an adiabat. Thus in 
meteorology, an adiabat is a line on a chart 
showing the adiabatic lapse rate (wet or dry)- 

ADIABATIC. Occurring without change in 
heat content, i.e., without gain or loss of heat 
by the system involved. 
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Adiabatic Approximation — Admittance 


ADIABATIC APPROXIMATION. The as- 

sumption that the electronic wave functions 
in a molecule or solid are distorted by the 
motion of the nuclei, but in such a way that 
their energy is a function only of the nuclear 
configuration at a given moment, and does 
not depend on the rate at which the nuclei 
arc moving (sec Bom-Oppenheiiner method). 

ADIABATIC COMPRESSION. Compression 
without exchange of heat between the com- 
pressed system and its surroundings. 

ADIABATIC DEMAGNETIZATION, COOL- 
ING BY. A technique for attaining very low 
temperatures, of the order of 0.01 °K. A 
crystal of a paramagnetic salt is cooled down 
to liquid lielium temperatures in a strong mag- 
netic field. The crystal is then thermally in- 
sulated, and the field removed, the entropy 
of the system remaining Ctm^^tant But the 
entropy of the spin system is very small in 
the state of order induced by the field, so that 
the oryital is eventually left in a state of very 
low entropy, that is, low temperature. The 
final tcm])erature depends on the interactions 
l)ei^^eeIl the S])ins, causing splitting of the 
energy levels, so that it is 'smallest tor a ^‘mag- 
net leally dilute” substance, in vhich the para- 
magnetic ions are spaced far apart, eg, 
FeXIl4(S(\)> -121120 

ADIABATIC ELASTICITY. A term in- 
vented by lliigoniot to express the cliange of 
elasticity of the medium wliieh is profragat- 
ing an explosion wave, assuming ilu\t ihc 
medium is discontinuous in the vicinity of 
the wave. 

ADIABATIC EXPANSION. Expansion with- 
out gain or loss of heat from outside the sub- 
stance or system. 

ADIABATIC INVARIANT. A quantizablc 
quantity, which remains unchanged under the 
action of a slow disturbance. 

ADIABATIC PROCESSES. Changes in mat- 
ter which take place without transfer of heat. 

ADIABATIC PROCESSES IN THE AT- 
MOSPHERE. When a parcel of air is moved 
from one position to another with respect to 
surrounding air, in such a manner that energy 
does not flow across the boundaries of the 
parcel, thermal changes taking place within 


the parcel are said to be adiabatic changes. 
Any process in the atmosphere occurring adia- 
batically is known as an adiabatic process. 

ADIACTINIC. Not transmitting photuchem- 
ically-active rays. 

ADION. An ion adsorbed on a surface that 
is held so that it is free to move on the surface* 
but not away from it. 

ADJACENT-CHANNEL ATTENUATION. 
See seleetance. 

ADJACENT-CHANNEL INTERFERENCE. 
See interference, adjacent-channel. 

ADJOINT. See matrix, adjoint; operator, ad- 
joint. 

ADJOINT EQUATION. The difi'ereiitial 
equation Jj{u) - u" + p[x)u' + q(x)u 0 
may be frequent Ij^ solved by use of an inte- 
grating factor. Suppose such a factor v e.xisls 
so (hat vHu)dx is an exact differential, then 
the operator adjoint to L(ii) is 

Liv) - v"' — p(x)v' + \q{x) - p'{x)]Vj 

vL{u) — uL(v) = (d/c 1 x)\P(iij e)] 

is tin Lagrange identity, and 

P = uvlu'/v — v'/i' + p(x)] 

is the bilinear concomitant. If the arljoini 
eipiation L(r) = 0 ran be sohed, the original 
equation L(q) ^ 0 is equivalent to the first 
order equation P(w, = (7, where C is an 
arbitrary constant. The latter, of course, can 
always be solved. 

An equation identical with its adjoint is said 
to be self-adjoint. Any difiercmtial equation 
may be put into nelf-adjoint fonr. if the appro- 
priate factor is introduced. 

These procedures are not limited to equa- 
tions of second order but may be generalized 
for those of any order. 

ADJOINT WAVE FUNCTION. In Dirac 
electron theory the row^- vector \J/ = ^*^^3 w^herc 
^ is the w^ave function, the asterisk denotes 
Hermitean conjugate and is the Dirac 
operator 74 

ADMITTANCE. The reciprocal of imped* 
ancc. Thus if the impedance of a circuit 
element is 
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Z = R+jX, \Z\^ = R^ + X^, 
its admittance is 

1 _ R-jX R . X 

^ “ R+jX ~ ~ ~ ^ |2P 

^G + jB 

The real part of admittance is called con- 
ductance {G)] Ihe imaginary part, suscep- 
tance (/?). Note that positive reactance im- 
plies nepiativc bu.sci‘i)tancc. 

ADMITTANCE, BACKWARD TRANSFER 
(OR FEEDBACK ADMITTANCE). The 

short -circuit transfer admittance from the 
ontjnit electrode to the input electrode of an 
electron tube. (Sec interelectrode transad- 
mittance. ) 

ADMITTANCE, CIRCUIT. See admittance, 
driving-point. 

ADMITTANCE, COMPLEX. The admit- 
tance of a network branch is given by the 
ratio of the current through the braneh to 
the voltage across the branch, \vith current 
and voltage expressed as eoniplex numb(‘i\s. 

ADMITTANCE, DRIVING-POINT (between 
the ;lh Teniimal and the Reference Terminal 
of an ;i-Tcrininal Network). The (piolicnt of 
the comjilex alternating component !j of the 
current flowing to the ;th lerniinal from its 
external termination by the complex alternat- 
ing component Vj of the voltage applied to 
the ;th terminal with rcsjicct to the reference 
point when all other terminals have arbitrary 
external terminations. In specifying the driv- 
ing-point admittance of a given pair of term- 
inals of a network dr transducer having tw’o 
or more pairs of terminals, no twm pairs of 
which contain a common tej’minal, all other 
pairs of terminals arc connected to arbitrary 
admittances. 

ADMITTANCE, ELECTRONIC. The ad- 
mittance of a vacuum tube caused by the ac- 
tion of electron beams within the tube. (See 

admittance, driving-point.) 

ADMITTANCE, FEEDBACK. See admit- 
tance, backward transfer. 

ADMITTANCE, FORW iAD TRANSFER 
(OR TRANSAD\5TTTANCE). The short- 
circuit transfer admittance from the input 
electrode to the output electrode of an elec- 


tron tube. (See interelectrode transadmit- 
tance.) 

ADMITTANCE, NORMALIZED. The re- 

eiprocal of the normalized impedance. (See 

impedance, normalized.) 

ADSORBATE. A substance which is ad- 
sorbed. 

ADSORBENT. A substance or material 
which adsorbs. 

ADSORPTION. A type of adhesion which 
takes place at the surface ol a solid or a liquid 
in conta(‘t with another medium, resulting in 
an accumulation or increased conccntiatioii 
of molecules or other particles from tliat me- 
dium in the immediate vicinity of tlip surface 

ADSORPTION, ACTIVATED. Chemisorp- 
tion (adsorption involving forces of cliem- 
ical nature) in which the activation (‘utTgv 
rclalivelv high (Sec also adsorption, types 
of.) 

ADSORPTION, APOLAR. Adsorption 
nonpolar substances on nonpolar media. 

ADSORPTION, DISPLACEMENT. Dis- 
placement trofn a surface of one adsorbed 
substance by another. 

ADSORPTION EQUATION, GIBBS. See 
Gibbs adsorption equation. 

ADSORPTION EQUILIBRIUM. Equilib 
rium between a substance that is adsorborl 
upon a surface, and tlie same substance in a 
solution or other medium that is in contact 
with the surface. 

ADSORPTION EXPONENT. The exponen- 
tial term n in the (classical) adsorption iso- 
therm. 

ADSORPTION, HEAT OF. When a gas or 
vapor IS adsorbed on a solid, heat is liberated. 
There are tw’o w^ays of ex])ressing those heat 
effects: (1) Integral heat of ad'^orption, w'hich 
is the total amount of heat, Q eal, given out 
when 1 g of the outgassed solid takes up m g 
of the gas or vapor. It is expressed as calorics 
per g of adsorbent, for an adsorption of m g 
of adsorbate. (2) Differential heat of adsorp- 
tion, 

dib 

dm 
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Adsorption Isostere — Adsorption, Types of 


where M is the molecular weight of adsorbate. 
Heats of adsorption may be measured by 
means of a calorimeter. They may also be 
calculated from heats of immersion and con- 
densation. 

In the case of a li([nid, the heat of adsorp- 
tion of solute from solution may be determined 
from the thermodynamic relation: 

Air = AG^ - T- 

dT 

where A//° and ACr° are the heat of and free 
energy (see free energy (1)) of ad&or[)tioii. 
For dilute solutions: 

AG^ = - RT In - = - 7?rin — ; 

^faolution yC 

HO hit ion 

where Csoiuoon is the concentration of the solule 
in solution, (\o\id the concentration of the 
adsorl)ed solute, V is the amount of adsorbed 
solute ]x*r unit area of suiface, and y is the 
thickiK'ss c)f the adsor))e(l film. The heat of 
adsorption may he also measured (•oloiiin(*iri- 
eally. 

ADSORPTION ISOSTERE. A graph show- 
ing the \ariatTon witii t(‘Tiiperat\ire of the pres- 
suie ](V|uiied to kvv\) a predetermined quan- 
tity of g.is atlsorhed on a given solid surface 
in ctiinlihrmm \Mth tlu' gas. 

ADSORPTION ISOTHERM. A relationship 
l)ct\^ecn the mass cd substance adsorbed at a 
gi\en tenii)eiature and the mass of adsorhei i. 
The Freundlich or elassioal adsor])tion iso- 
therm is of the form: 

~ = 
m 

in which a* is the mass of gas adsorbed, m is the 
mass of adsorbent, j) is the gas pressure, and /r 
and n are constants for the temperature and 
system. In certain systems, it is necessary to 
express this relationship as: 

m 

where h is the relationship of the partial pres- 
sure of the vapor to its saturation value, and 
y is the surface tension. Numerous isotherm 
equations have been proposed in the chemical 
literature in the last fifty years. The Langmuir 
adsorption isotherm is of the form 

X kik2P 

m 1 + fcip 


Brunauer, Emmett and Teller have obtained 
an equation which is more general than the 
Langmuir equation. For a critical review of 
the theory, sec Halsey, J. Chern. Phys., 17 , 
758 (1949) ; and Hill, J. Chem. Phi/s., 17 , 106 
(1949). (See also Gibbs adsorption equa- 
tion.) 

ADSORPTION ISOTHERM, GIBBS. See 
Gibbs adsorption equation. 

ADSORPTION, NEGATIVE. A phenomenon 
exhibited by certain solutions in which the 
concentration of solute is less in the surface 
than it is throughout the solution. This be- 
havior is sliown by solutes lhat increase the 
surface tension. 

ADSORPTION, ORIENTED. State of ad- 
sorption in which the adsorbed molecules are 
uniformly (or partially) ordered with respect 
to orientation. 

ADSORPTION, POLAR. Adsorption of elec- 
trically unc({ual amounts of ions, so that the 
jidsoihed film has an over-all electrical charge. 
Also adsorption chiefly attributable to attrac- 
tion hetwTon jiolar groups of adsorbent and 
adsorbate. 

ADSORPTION POTENTIAL. The energy 
<*hange experienced by a molecule (ion) in 
])assing from the gas (or solution) phase to 
the surface of the adsorbent. 

ADSORPTION SPACE. The tliickness of an 
adsorbed layer. 

ADSORPTION, SPECIFIC. (1) Preferential 
adsorption of one substance over another 
(2) Quantity of adsorbate held per unit area 
of adsorbent. 

ADSORPTION, TYPES OF. The adsorption 
of gases (or liquids) on solids has been di- 
vided into two main classes depending on 
whether the adsorption is of a physical or 
chemical nature. The first, generally known 
as van der Waals adsorption, involves van der 
AVaals or dispersion forces. This type of ad- 
sorption is accompanied by a relatively small 
heat of adsorption, of the order of 5 Kcal/mole 
or smaller and is reversible. The adsorption 
isotherm is one for which the amount adsorbed 
increases rather slowly with pressure. In 
chemisorption, forces of a chemical or valency 
nature are involved. This adsorption is diffi- 
cult to reverse, and the beat of adsorption is 
as great as that found in chemical reactions 
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and i8 of the order of 20-100 Kcal/niole. This 
type of adsorption is usually specific. A typ- 
ical example of van der Waals adsorption is 
the adsorption of nitrop:cn on charcoal at low 
temperatures, while an example of chemisorp- 
tion is the adsorption of oxyf^t'ii cm tungsten. 

When chemisorption does not occur readily 
at room temperaiures hut rccpiires an activa- 
tion energy of the order of 5 Kcal/molc or 
greater, the adsorption process is usually re- 
ferred to as activated adson^tion. An example 
of this is the adsorption of hydrogen on nickel. 

ADVANCE BALL. In recording, a rounded 
object w’hich rides ahead of the cutting stylus. 
Its function is to maintain uniformity of 
groove deplli. 

ADVANCED FIELDS. Eleetrornagnetie field 
strengths, E, B, at a point r at time t derived 
from ihe advanced potentials, i.e., generated 
hy charges and currents that will bo at r — R 
at time t + R/e (all R). 

ADVANCED POTENTIALS. The electro- 
magnetic potentials at a point r at time t due 
to sources at the point h r — R at times t + 
|Rl/e, ie., on the future light cone through 
the event r, t. 

ADVECTION. The transfer of air and air 
charaeterislics by horizontal motion. Fog 
drifts from one phice to anotlier by advection. 
Cold air moves from polar regions soutlnvard. 
Large-scale north-south advection is more 
prominent in the nc^rtbern hemisphere than 
the southern, but w'est-to-cast advection is 
prominent on both sides of the ecpiator. 

ADVECTION FOG. Advection fog is formed 
wdien warm moist air (‘omes in contact with a 
colder surface; this contact with the cold 
surface cools the air to its dew^ point, thereby 
causing condensation and fog. It is a com- 
mon phenomenon throughout the year over 
cold ocean currents (for example the Labrador 
Current) wdien the air comes from w'armer 
regions. 

AEOLIAN TONES. The tones produced by 
a gas stream striking a stretched wire in a 
direction normal to the length of the wire. 
(Sec also Strouhal formula ) 

AEOLIGHT. A glow Ji'...harge lamp em- 
ploying a cold cath ode, and a mixture of per- 
manent gases in which the intensity of illum- 
ination varies with the applied signal voltage. 


The acolight lamp is widely used to produce 
a modulated light for motion-picture sound 
recording. 

AEOLOTROPIC. Not isotropic; having dif- 
ferent properties in different directions as in 
certain crystals; anisotropic. 

AERIAL. See antenna. 

AERODYNAMICS. A phase of the mechan- 
ics of fluids, its study being limited to the 
reactions caused by relative motion between 
the fluid and solid, w’ith the fluid being air. 
Sometimes this strict definition is broadened 
so that aerodynamics may also include the re- 
actions of gases other than air. The scope 
of the subject of aerodynamics is, neverthe- 
less, broad. It encompasses the flow of gases 
in conduits, the (dTccls of winds on static struc- 
tures such as building, chimneys, and bridges, 
and the offo(‘t on moving bodies of the atmos- 
phere tlirough which they move. 

AEROGEL. A colloidal solution of a gaseous 
phase in a solid phase, obtained usually by 
placemeiit of the liquid in the dispersed phase 
by air or gas. 

AEROLOGY. That branch of meteorology 
which treats of the free atmosphere, i.e., un- 
affected by surface effects, iiMially on the basis 
of direct observations. (2) Aerology is some- 
times used as a synonym for meteorology. 

AEROMETEOROGRAPH. An instrument 
made for carrying in an aircraft for the pur- 
pose of making an “air sounding,’^ i.e , an in- 
vestigation of the atmospheric conditions at 
various levels Tlic instrument makes a run- 
ning record of atmospheric pressure, tempera- 
ture and relative humidity at the various alti- 
tude's reached by the aircraft in flight. 

AEROMETER. An instrument used to meas- 
ure the density of gases. 

AEROPHARE. An air-navigation radio bea- 
con. 

AEROSOL. A colloidal system in which a 
gas, usually air, is the continuous medium, 
and particles of solid or liquid are dispersed 
in it. 

AEROSTATICS. The science of gases at rest 
(mechanical equilibrium). (Cf. aerodynam- 
ics, the science of gases in motion.) 
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AETHER HYPOTHESIS. See ether hypoth- 
esis. 

AF. Abbreviation for audio frequency. 

AFFINE. See coordinate system and trans- 
formation, aflSne. 

AFFINELY CONNECTED SPACE. A space 
with a law of parallel displacement of a 
vector: 

da^ = 
da^ = 

where the left-hand sides denote changes in the 
contravariant and covariant components of a 
vector under the infinitesimal coordinate dis- 
placement 5x^. 

AFTER-FLOW. Persistence of flow after re- 
moval of the external stresses, due to relaxa- 
tion of viseo-clastie stresses. 


neutrons are not captured by the nuclei of 
the moderator. In the equation, q is the slow- 
ing dpwn density, or the number of neutrons, 
per cubic centimeter per second, that slow 
down past a given energy E; and t is the 
^^age” (having dimensions of length squared), 
which IS related to the time required by the 
neutron to slow (lc»wn. on the average, from 
its original fission energy to the energy E. 
(See Fermi-age model, j 

AGE HARDENING (PRECIPITATION 
HARDENING). A process of hardening an 
alloy by aging at room temiuTaturc or ele- 
vated tcmperalures, which occurs only in al- 
loys which are su]H'i saturated scUd solutioUvS. 
TJie aging })rocc<-s, wdiich increases hardneso 
and strength while usually decreasing ductil- 
ity, is associnted with the precipitation of one 
or more jihases whicli may or may not pro- 
duce recogniza))le particles. 


AFTERGLOW. (1 ) The persistence of radia- 
tion from a gas-discharge tube or luminescent 
s(‘i*een after the source of excitation has been 
rem o ved . ( 2 ) Phosphorescence. 

AFTER-IMAGE. Hu' image ^tseen’^ after a 
portion ot the retina has been fatigued by 
continued fixed stimulus. The after-image i’^* 
freciucntly of tlie complementary color to the 
original stimulus. 

AGC. Abbreviation for automatic gain con- 
trol. 


ACE, r. In nuclear reactor theory, the value 
calculated for the slowing-down area used by 
Fermi age theory. It is defined by 


r 



D{K') c/E' 


where is the neutron energy, D is the diffu- 
sion coefficient of neutron flux, f is the loga- 
rithmic energy decrement, iKS the macro- 
scopic neutron scattering cross-se<'tion, that is, 
the scattering cross-section per uiiil volume. 
Note that the “age," being an area, has dimen- 
sions of length sqiiart'd 

AGE EQUATION WITHOUT CAPTURE. 

The equation 



which describes the slowing down of neutrons 
in a scattering medium (moderator) in which 


AGE OF THE UNIVERSE. A lime 5 X 10» 
years derived from astronomical observations. 
Whether this is really Llio age of the universe 
is a ina(t('r of opinion. (See Hubble con- 
stant! 

AGE IHEORY. Sec age; also Fermi-age 
model. 

AGENT. A force or substance that acts to 
produce a change 

AGGLOMERATION. Th(‘ gatliei ing to- 
gcthei of paiUcles, for example, the coales- 
cence of smoke parlieles in air produced by 
ultrasonic radiation. 

AGGREGATE RECOIL. The ejection, from 
tlii sir face of a samjde, of a cluster of atoms 
attached to one that is recoiling as tlie result 
of a-par(icle emission. Altluuigh the phe- 
nomenon may be (|uite common, the amount 
of matter thus carried away is so small as to 
be uiideteciuble unless it i& strongly radioac- 
tive It is observed wdth strong jireparations 
of a-active materials of high specific activity, 
such as nearly pure polonium compounds, as 
a migration of a small fraction of the radio- 
activity onto clean surfaces in the vicinity. 

AGGREGATION. The gathering cf par- 
ticles, especially in the sense of their forma- 
tion into larger entities or aggregates. An 
aggregate is a group or collection of particles 
wdiose behavior is of special interest. Thus a 
rigid body is an aggregate of particles in 
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which the separation distance of every pair of 
particles remains constant. 

AGGREGATION, STATE OF. Physical 
condition expressed as solid, liquid or gaseous. 

AI. Abbreviation for aircraft interception. 
Refers to airborne radar sets used for pur- 
poses of interception. 

AIEE. Abbreviation for American Institute 
of Kleetrical Engineers. 

AIR CONDUCTION (SOUND). The proc- 
ess by which sound is conducted to the inner 
ear through the outer ear canal as part of the 
pathway. 

AIR FOIL. Any body whose sliai)c causes .it 
to rccei\'e a useful reaction from an air stream 
moving relative to it. 

AIR GAP. (1) Tills term is commonly used 
in connection with varioii.s magnetic circuits, 
and denotes a gap left in tlie magnetic mate- 
rial. In the (‘onstruction of various chokes 
and transformers used in coinmunieations cir- 
cuits, a short giip is usually left in the core 
material to prevent the material being satu- 
rated by the d-c which often flow\s in such 
circuits. (Sec amplifiers and power supplies.) 
In Ritaiing electrical machineiy tlic rotating 
part of the magnetic circuit must of course, 
be sepal atetl by a gap. In these machines 
this gap is kept as small as consistent with 
adequate mechanical ele.aranee. In ino.sf in- 
stances the gap introduces no de.sirabic electri- 
cal or magnetic characteristics, and necessi- 
tates the application of additional electrical 
magnetomotive force to overcome its reluc- 
tance. (2) A spark gap, comprising two con- 
ducting electrodes, separated by air. 

AIR ITNES. Spectral lines caused by exci- 
tation of molecules in the air by spark dis- 
charges and wdiich do not ordinarily occur in 
arc discharges. Air lines are mostly unde- 
sirc'd in anal 3 \sis of materials by spectral 
methods. 

AIR MASSES. Very large parcels of air rang- 
ing from about 500-5000 miles in lateral di- 
mensions and from several thousand feet to 
several miles deep, wliicb have properties 
(temperature, humidity, thermal structure) 
that vary only slightly, or ^ ary linearly, from 
point io point wit hi'* the parcel. Air masses 
develop over large relatively -homogeneous 
geographical evnas where air is stagnant for a 


sufficient period to acquire the cliaractcristics 
of that region. These regions are either con- 
tinental or maritime and are known as air- 
mass source regions. After an air mass be- 
gins to move from its source region it acquires 
modifying features characteristic of the sur- 
face over which it travels. Modification con- 
tinues until the air mass loses its identity in 
the general atmospheric circulation. 

Classification of air masses begins from 
latitudinal consideration. There are four ma- 
jor zones wdueh contribute primary classifi- 
cations: (1) Arctic, (2) Polar, (3) Tropical, 
(4) Equatorial. 

These are subdivided into Maritime (m) 
and Continental (e), depending upon tlie ex- 
act source region. Finally each air ma.ss mnsi 
be classified as either cold (k) or wariri (w). 
A cold air mass is one which i.s colder than 
the surface over wlii(‘h it is traveling and is 
fhereforc being heated from below. A warm 
air mass is one which is wanner tlian the sur- 
face over which it is traveling and is therefore 
being cooled from below\ ^ 

AIR MONITOR. Any device for detecting 
and measuring airborne radioactivity for 
warning and control ]nlrpo^es. 

AIR PARCEI.S, TRAJECTORY OF. See 
trajectory of air parcels. 

AIRSPEED METER. See anemometer. 

AIRY DISK, Tlie central bright jvirt of the 
diffraction pattern of a circular pinhole. 

AIRY EXPERIMENT. Demonstration tliat 
the angle of aberration (see aberration of 
light, Bradley) of a star does not depend on 
the nature of the transparent medium filling 
the telescope. 

ALBEDO. (1) The ratio of the light falling 
on a planet or satellite to that reflected. (2) 
In nuclear physics, the ratio of the neutron 
current density out of a (nonsourec) medium 
to the neutron current tlensity into it. 


ALBERT EFFECT. A reaction of light-sen- 
sitive photographic materials discovered by 
E. Albert in 1899. Albert found that if a wet 
collodion plate is considerably overexposed 
and the latent image destroyed wdth nitric 


acid, a positive image is prodiii c f d'lym^ cxpo- 
sure to white light and ^ 
ment. Albert’s observalra^^i^ 
dion have been shown i(f fcl/1 also for 
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emulsions by Luppo-Cramer, J. Precht and 
others. The effect is produced by chromic 
acid, ammonium persulfate and other sub- 
stances which destroy the latent image as w^ell 
as by nitric acid. 

ALEXANDERSON ALTERNATOR. A ro- 
tating machine used as a source of very low 
frequency power for purposes of transmission 
and induction heating. 

ALGEBRA. The set of relations between 
numbers represented by symbols and obtained 
by the c>p('rations of addition, subtraction, 
multiplication, division, raising to a power, 
and extracting a root. A common problem is 
that of finding the value of an unknown quan- 
tity satisfying an equation written in terms 
of the operations just stated. 

Pimctioirs which involve the variables in 
algebraic operations are classifieil into ra- 
tional, irrational, and power functions. Al- 
gebraic ('(illations containing such functions 
an' called polynomial, fractional, or radical 
equations. 

ALIGNMENT CHART. See nomograph. 

ALISONITE (3Cu,S*PbS). A mineral used 
for early crystal detectors. 

ALKALI METAL. An element of the first 
gjoLil) of the periodic table, characterized by 
tlu' one electron (jut^-ide the atomic core which 
it readily los(^s to form a stable cation. 

ALL-PASS NETWORK. See network, all- 
pass. 

ALLEGHENY 4750. Trade name for a nomi- 
nal biV/a nickel-iron, isotropic magnetic alloy. 

ALLELOMORPH. (1) One of two or more 
isomorphic substances which consiht of the 
same atoms having the same valences, but dif- 
fering in their linkages. (2) '’J'he first of two 
or more isomers to be recovered or separated 
from a system. 

ALLOBAR. A form of an element differing 
in atomic weight from the naturally-occurring 
form, hence a form of element differing in iso- 
topic composition from the naturally-occur- 
ring form. 

ALLOCHROMATIC. Pertaining to a sub- 
stance, e.g., a crystal, having photoelectric 
properties due to inclusions of micros('opic 
impurities, or as a result of exposure to cer- 
tain forms of radiation. 


ALLOCHROMY. Any fluorescence, or re- 
radiation of light, in which the wave length 
(and hence color) of the emitted light differs 
from that of the absorbed light. 

ALLOGYRIC BIREFRINGENCE. A beam 
of plane-polarized light may be regarded as 
the resultant of two equal beams of circularly 
polarized light, one right-handed and the other 
left-handed. The phenomenon of optical ro- 
tation may be represented by assuming that 
in optically-active media, circularly-polarized 
light is transmitted unchanged, but the veloc- 
ity of left-lianded circularly-polarized light is 
not the same as that of right-handed circu- 
larly-polarized light. Fresnel demonstrated 
this difference directly, and the i)henomenon 
is* called allogyrie birefringence (See Diteh- 
burii, Light, Cdi.'ipter 12.) 

AIXOMORPHISM. A property of sub- 
stances that differ in crystalline form but have 
Ihe same chemical composition. 

ALLOTRIOMORPHIC. Characterized by 
absence of tyi)ieal crystal faces. 

ALI.OTROPE. One of the isomeric forms of 
an clement. See allotropy. 

ALLOTROPY. (Allotropism.) The isomer- 
ism of the elements (Richter). A property 
of certain substances existing in two or more 
modifications distiuet in physical, and some 
chemical, jiroperties. A good example of al- 
loh-opy is furnislu'd by sulfur, which exists 
m a number of forms, two of nhieh are eiys- 
talliiK'. These are rhom])ic sulfur, stable at 
ordinary temperatures, and monoclinic sulfur, 
staf)le above 9()°C'. However, some sul)- 
stanees hav(' more than one form stable in 
the same range. 

ALLOTROPY, DYNAMIC. A class of allo- 
tropie phenomena in which tlie transition from 
one fonn to another is reversible hut with no 
definite transition temperature. The propor- 
tions of the allotropes depend upon the tem- 
perature. 

ALLOTROPY, ENANTIOMORPHIC. A 

class of e.llotopic jfiienomena in which the 
transition from one form to another is reversi- 
ble and takes jilace at a definite tempt rature, 
above or below which only one form is stable, 
e.g., the a and 13 forms of sulfur. 

ALLOTROPY, MONOTROPIC. A class of 
allutropic phenomena in which the transition 
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is irreversible. One allotrope is metastable at 
all tcini)oratures, e.g., explosive antimony. 

ALLOWED BAND. In the band theory of 
solids, a range of energies in which there 
exist electronic energy levels. 

ALLOWED TRANSITION. See transition, 
allowed. 

ALLOY. Generally speaking, a macroscopi- 
cally homogeneous mixture of metals. This 
definition covers an immense class of mate- 
rials of great technological import ance. There 
arc various types of alloys. Thus, the atoms 
of one meiul may he able to replace the atoms 
of the other on its lattice sites, forming a 
substitutional alloy, or solid solution. If the 
sizes of the atoms, and their preferred struc- 
tures, are similar, sucli a system may form a 
continuous series of solutions— otherwise the 
miscibility may be limited. Solid solutions, 
at certain definite atomic projiortions, are 
ca]).able of undergoing an order-disorder 
transition into a state wliere tlie atoms of 
one metal are not distributed at random 
through the lattice sites of the other, hut form 
a superlattice. Again, in certain alloy sys- 
tems, intcrmctallic compounds may occur, 
with certain highly complicaied lattice struc- 
tures, forming distinct crystal phases. It is 
also possible for light, small atoms to fit into 
the inlerstitiul positions in a latlice of a heavy 
metal, forming an interstitial compound. 

AI.LOY JUNCTION. S(‘e junction, alloy. 

ALI.OY SYSTEM. The wliole range of sub- 
si ances obtained liy mixing two or more metals 
in varying i)roportions, at varying tempera- 
tures. 

ALLSTROM RELAY. A highly sensitive re- 
lay incorporating a light beam and photocell. 

ALL-WAVE ANTENNA. An antenna de- 
signed, usually, for reception of the standard 
broadcast and short-wave bands. This term 
IS ambiguous, and should he avoided in writ- 
ing. 

ALPHA (a). (1) Angular acceleration (a). 

(2) riane angle fa). (3) Idnear expansion, 
or coefficient of linear expansion (a). f4) 

Current amplification in tiausistors (a). (5) 
In nuclear reactor theory, fa) the recip- 
rocal asymj^totic p»Tioa, or (b) the ratio, in 
a fissionable elemfmt, of neutron radiative 
capture (ser capture radiative (2)) to fission 


cross-section (a). (6) Thermal diffusibility 
(a). (7) Optical aperture (a). (8) Attenu- 
ation constant (a). (9) Fine structure or 

Soramcrfeld constant (a). (10) Thermal co- 

efficient of resistance fa). (11) Most prob- 
able speed (a). (12) Degree of electrolytic 

dissociation (a). (13) Coefficient of recom- 
bination (a). (14) Sec alpha-particle and 

alpha-ray. (15) Plane angle (a). (16) An- 
gular resolving power of telescope (a). (17) 

Half-angle subtended at point object by ob- 
jective of microscope (a). (18) Coefficient of 
recombination (a). (19) Specific rotation 

(a). (20) Current amplification (a). 

ALPHA CHAMBER. A counter tube or 

counting chamber for the detection of a-par- 
ticles; often operated in the non-multiplying 
(ionization chamber) or proportional region 
with pulse height selection to discriminate 
against i)ulses due to or y-rays and to 
pass only those due to a-particles. 

ALPHA CHANGE. A nuclear chaugc con- 
sisting of the emission of an a-particle. 

ALPHA COUNTER. A system for eouniing 
a-particIes including an a-countcr tube, am- 
plifier, pulse lieight discriminator, scaler and 
recorder, or the' a-count(*r tube plu^ the neces- 
sary auxiliary circuits for counting a-par- 
ticles. Often loosely applied to the a-counter 
tube or chamber alom*. 

ALPHA COUNTER TUBE. A count(T tube 
or counting chamlier for the detection of 
a-particles. (See alpha counter.) 

ALPHA CUT-OFF. Tlie frequency at which 
the alpha (current amplification) of a tran- 
sistor has fallen to 0.7 (3 decibels I of its low- 
frequency V xlue. 

ALPHA DECAY. See alpha disintegration. 

ALPHA DISINTEGRATION. A nuclear 
process, consisting of the emission of an 
a-particle from a nucleus, producing a decay 
product consisting of a nuclide with an atomic 
number two units smaller, and a mass num- 
ber four units smaller than the original 
nuclide. 

ALPHA DISINTEGRATION ENERGY. (1 ) 

The energy of disintegration of an a-disin- 
tegratioii process, equal to the value Qa = 
Ea + Eft where Qa is the a-disintegration 
energy, Ea is the kinetic energy of the a-par- 
ticle, and Er is the recoil kinetic energy of the 
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product atom. If Ma and Mr are the masses 
of the a-particle and the recoil atom, respec- 
tively, then 


and 


Ea = 


Mr 


Mr + Ma 


Qa- 


Er == 


Ma 


Mr + Ma 


Qa^ 


(2) Often, the ground state ^-disintegration 
energy, which is the tcrtal energy evolved, in- 
cluding the energy of gamma and associated 
radiations, when the flisintegrating and product 
nuclei are in their ground states: Qa^. 

ALPHA EMITTER. A radionuclide that un- 
dergoes a transformation by a-particle emis- 
sion. 


ALPHA PARTICLE. (1) A positively- 
charged })article cmittc'd from a nucleus and 
con^posed of i)rot(ms and two neutron^. 
It is identical in all measured proiieilies with 
Ihe nucleus of a l\(‘lium atom. (2) By ex- 
tension, tlie nucleus of a helium atom (Z - 2, 
A - 4), espc'cially when it is in rapid motion, 
as ^licn arlilieially accelerated. 


istic spectrum consisting of one or more sharp 
lines, each line being due to a ])articular group 
of monoenorgetic particles. \Vhcn more than 
one group is present, the distribution is said 
to have fine structure; this results from transi- 
tions to more than one nuclear energy state 
of Ihe product rmelide, the group of highest 
energy coming fnan the ground-state transi- 
tion. In exceptional eases fllaC/' and ThC'), 
lines are observed due to groups tliat liave 
verv low intensities (10 ^ to 10 relative 
to lliose for the main groups. The particles 
jiroduciug such lines aj(‘ called long-range 
a-particlcs\ They n'sult when the emitting 
nuclei arc formed in ('xcited states in the pre- 
ceding /:^-(lisintegration (of RaC'’ or Th(') and 
efiiit a-particle> directly from the excited 
states, instead of hocoming de-excited by the 
more usual y-eniission. The normal a-disin- 
tegration cneigy is tlien augmented by the 
excitation energy. 

ALPHA RAY. See alpha particle. 

ALPHA-RAY SPECTROMETER. An in- 
strument u^cd to determine the energy distri- 
bution of a-particles. 


ALPHA PARTICLE(S), DELAYED, a-par- 
ticlcs emitted ))romptly by excited nuclei tsec 
nucleus, excited) formed m a p-disintegration 
process. The a-particle emission must occur 
rapidly enough to compete with de-excitation 
by y-ray einisbion. In tins case the a-particles 
will have an apparent half-life ecpial to that 
of the /?-decay, hence the term ^‘delayed. 
(See neutrons, delayed.) 

ALPHA PARTICLE(S), LONG RANGE. See 
alpha-particle spectrum. 

ALPHA-PARTICLE MODEL OF NU- 
CLEUS. A nuclear model for which the basic 
structural unit is the a-particIc. It is assumed 
that as many of the nucleons as possible are 
grouped together to form a-jiarticles and that 
the remaining nucleons move about somewhat 
freely. The model is most successful for light 
nuclei consisting of the same even number, of 
neutrons and protons. Such a nucleus is re- 
ferred to as an a-particle nucleus. 

ALPHA-PARTICLE SPECTRUM. The dis- 
tribution in energy or momentum of the 
a-particles emitted by a pure radionuclide, or, 
less commonly, by a mixture of radionuclides. 
Each a-emitting nuclide yields a character- 


ALPIIATOPIC. Pertaining to a relationship 
wherein the masses or composition of tw'o nu- 
clei differ by an a-jiarticlc. 

ALTAITE. A lend telluride mineral, used in 
early crystal detectors. 

ALTERNATING CURRENT (AC). Cur- 
rent in which the eharge-flow fienodically re- 
verses, as opposed to dii(‘ct current, and whose 
average value is zero. Alternating current 
usually implies a siiiusoida) variation of cur- 
rent and voltage This beha\ ior is repre- 
sented mathematically in various ways: 

i = /() cos {27rft + (f>) 

I = !{)/.<(> 

1 = 

wdicre / is the frequency; s 27 r/, the pul- 
satance, or radian frequency; 0 the phase 
angle; 7o the amplitude, and h tlio crmiplex 
amplitude. In the complex rotation, it is un- 
derstood that the actual current is the real 
part of /. 

ALTERNATING CURRENT CIRCUIT. An 
electrical circuit excited by a-c, rather than 
by d-o. Reactance (see inductance and ca- 
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pacitance) must be considered as well as re- 
sistance. hy using complex-number algebra 
and the concept of inijiedance, a-c circuits can 
be solved like d-c circuits \Mtli a generaliza- 
tion of tlie Ohm law to 

K = ZI 

The actual instantaneous voltage and current 
aie: 

t(l) - + 

,(t) = Ke/ = i(/oP'“‘ + 

wh(‘re llie symbol ^ indicates the complex 
conjugate. 

The instantaneous pouer delivered is 
P{() - ci = + ^o/n) 

-f 

= I Rc (A’o 7„) + i Re {Eoloc^’'^') 

= ^ 7?|/o|' + ^ Re 

Since IcJo = Thus the 

pouei has a constant component ^R\1q\^ and 
a d()ul)le-fie(]U('ney, alternating eomponent 
^vh()se avtaage value ztuo, I1ic a\erage 
po\\(U’ may be written 

w'here 0 is the phase angle between the \oltage 
and cm rent, and is gi\en by 

cos d = RI\7 j\ 

The phase angle eorreetion factor, cos 0, is 
known as the powTr factor 

ALTERNATING-CURRENT CIRCUIT(S), 
APPLICATION OF COMPLEX QUANTI- 
TIES TO. In alternating-current circuits, 

the \oltage, cuiient, and impedance have both 
magnitude and phase. It is conveniont to 
represent such quantities by “phasors’h 

This device peiinits the generalization of tlie 
Ohm law to the a-c ci\<e: V = Z/, with all 
quant iti( s being icpresciUi J by complex num- 
bers. In this w’ay, both aciplitudc and phase 
are earned alonL, m a simple manner 

ALTERNATION, LAW OF. The spectra of 
the elemei m successive groups of the pe- 


riodic table of elements are characterized by 
alternations of odd and even term multiplici- 
ties. Thus the arc spectnim of potassium has 
a multiplicity of 2, calcium has values of 1 
and 3, scandium, 2 and 4, titanium, 1, 3, and 
5, etc. In general, the elements of even va- 
lence have odd multiplcts, whereas those of 
odd valence have even inultiplets. A spectral 
multiplicity or multiplet is the number of 
spectral lines in an associated group of fine 
lines relatively close together. 

ALTERNATOR. A device for converting me- 
chanical energy into electrical energy, the 
latter appearing as an alternating current. 
The simplest alternating current generator 



consists of a coil of wire rotating in a con- 
stant magnetic field The elementary jiriii- 
eiple of a simple two-pole, single-phase alter- 
nator is shown in Fig. 1. When the magnet 
ixwolves it wull carry with it lines of force 
which will cut the conductor, wdiich is a wire 
loop embedded m the stationary portion called 
the armature, and will generate a-c. 

This elementary principle must be ex- 
jianded in se\eral directions if a practical gen- 
erator of a-c IS to be had. First, the rotating 
part, or rotor, must have magnetic strength 
in excess of that which could be obtained from 
a simple permanent magnet. In other w’ords, 
the poles must be formed by electromagnets 
whose excitation, in the form of d-c, must be 
carried to the rotor through slip-ring connec- 
tions. The rotor is called the field, and the 
current it uses is called the field current. In 
high-speed steam-turbine driven alternators 
as few^ as tw^o poles arc often used, while in 
slow-spccd w^ater-turbine units the number is 
frequently nearly 100. The stationary part, 
called the stator, or armature, usually has 
three sets of overlapping coils, connected in 
three separate circuits. These three circuits, 
or phases, are usually connected in one or the 
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other ways shown in Fig. 2. The Y connection 
is preferred because of the usefulness of the 
neutral point, and the fact that the line volt- 
age is V3 times the phase voltage, whereas it 
is only equal to the phase voltage in A con- 
nection. The neutral point is connected to the 
fourth wire of a four-wire, three-phase sys- 
tem, and left unconnected, or grounded, in the 
three-wire system. Several advantages are 
realized by making the rotating part the field, 
and the stationary part the armature. The 
a-c may be generated at very high voltages 
because it is not necessary to connect it 



I'^ig 2 Comparison of y and A connortions of throc- 
phas’e alternator windings 

tlirough movable contacts as would be the case 
if the armature revolved. It is not neces&ary 
to conduct high-load currents through slip 
rings and brushes if the armature is fixed. 
The armature conductors can be very rigidly 
braced in position, and may be much better 
disposed than if they were required to be in 
the rotor. 

ALTERNATOR, ALEXANDERSON. See 
Alexanderson alternator. 

ALTERNATOR TRANSMITTER. See trans- 
mitter, alternator. 

ALTIMETER. An instrument for indicating 
altitude above or below a given datum point, 
usually the ground or sea level. The me d 
common form is based on the variation of at- 
mospheric pressure with altitude. 

ALTIMETER, CAPACITANCE. An alUm- 
eter which determines the height of an aircraft 
in terms of its capacitance to caHh. 

ALTOCUMULUS. Billowed cloud of small 
cumuli (sec cumulus) that generally form in 
layers. It is composed of water droplets, al- 
though it may lie either above or below the 
freezing level. It is a middle-level cloud. 
Altocumulus casts shadows and varies in color 
from pure white to nearly black. In general 
they are whitish with darker shadows. 
‘^Mackerel sky” is an appropriate description 


for many altocumulus bands. The cloud may 
or may not be associated with cyclonic storms. 

ALTOSTRATUS. Translucent to opaque 
cloud composed of water droplets through 
thin layers of wliicli the sun or moon might 
appear as seen on a ground-glass screen. It 
is a middle-level cloud in contrast to the high 
cirrus forms but may lie citlicr above or be- 
low’ the freezing level Very frccpiently, the 
top part of a layer of altostratus is a cirrus- 
type cloud, although tliis is not observable 
from below. Altostraius cast very little if any 
shadow but usually ajipcar as a dull, drab, 
grayish sheet. Altostraius iollow’ing cirruo 
and cirrostratiis is an ahnoNt (‘(rtain indica- 
tion that a cy^domc disturbance is a])proach- 
ing. 

ALUMINUM, Metallic element. Symbol 
Al. Atomic number 13. 

AM. Abbreviation for amplitude-modula- 
tion. 

AMAGAT-LEDUC RULES. Volume occu- 
pied by a rnixtiijv of gases is c(iual to the 
sum of the volumes they w’ould occupy indi- 
vidually at the temperature and pressure of 
the mixture. 

AMAGAT UNITS. A system of units in 
which the unit of prcssuie is the atmospliere, 
and the unit of volume ih the gram-molecular 
volume (22.4 litcis at siandaid condition^) . 

AMBIENT TEMPERATURE. The tempera- 
ture of the surrounding medium, such as gas 
or liquid. 

AMERICIUM. T ransuranic radioactive cle- 
ment. Symbol Am. Atomic number 93. 

AME'rROPIC. Eyes whieh are myojiic or 
hyperopic are said to be ameirc’^pic. 

AMICI PRISM. See prism, Amici. 

AMICRON. A name a])plied by Zsigmondy 
to individual disperse jiarticles invisible un- 
der the ultramicroseope whose size is about 
10”’^ cm. The}’ act as nuclei for the forma- 
tion of suhmicrons which are about five times 
as large. 

AMMETER. An instrument for measuring 
electric currents in amperes. D-c ammeters 
are usually of the moving-coil type, being 
similar in principle to the d’Arsonval galvan- 
ometer. A coil carrying the current to be 
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measured turns between the poles of a per- 
manent iuae;net against the torque of a liair- 
spring and pauses a pointer to move over its 
dial. A-c ammeters sometimes have two core- 
less coils in senes, one turning in the field set 
u]) by the other v^hieh is fixed (electrodyna- 
moinetcr tyj)e). The reversal of current thus 
has no efTect upon tl)e direction of the torque. 
The most commonly-used a-c ammeters em- 
ploy a vane of iron which may move in tlie 
magnetic field of a coil, tluis changing the 
inductance of the coil (moving- vane type), 
{^ome simple ammeters are of the hot-wire 
tyj)C, in which the longitudinal ex])ansion of 
the wire carrying the current controls tlie 
movement of the pointer For currents heav- 
ier than the coil or the hot wire can safeVy 
stand, a shunt may he provided in d-e am- 
meters, vhich allows only a predetermined 
fraction of the current to pas,s through the 
instrument; while a transfnrmrT serves a sim- 
ilar purpose with a-e ammeters. Sensitive 
ammeters, graduated in milliamjieres, are 
called milhammc ters. 

AMORPHOUS. Devoid of rcgulai structure, 
like glass as distinguished from a eiystal. 

AMPERE. A unit of electrieal current, ab- 
b]i‘v. as A or amp. (1) The absolute ampere 
IS exactly one-tenth of an abampere, the elee- 
tromagnetic unit (emu) of current The ab- 
solute ampere has been the legal standard of 
current since IfifiO. (2) The International 
ampere, the legal standard prior to 1950, is 
the steady current vhich must flow across a 
Mirface in order tliat one International cou- 
lomb of electricity shall pass tlie surface dur- 
ing each second. 1 Int. amp — 0.909835 Abs. 
amp. 

AMPERE-HOUR. A unit of electrical charge, 
being tlu‘ amount of electricity represented by 
a current of one ampere flowing for one hour. 

AMPERE LAW. This is a classic law of elec- 
tromagnetism, useful in discussions of clectro- 
dynaimes. It lias been stated in two appar- 
ently distinct forms, which are, however, inter- 
convertible. 

One fonn, sometimes kn^'wn as the Laplace 
law, states that the t>ectric current i 
(abamperes), flowing along any line through 
an element of lergl'^ dl, gives rise, at a point 
P distant r (cm) from the element, to a 
magnetic f "M of intensity dH = ipdl/r^ 


(oersteds), in which p is the perpendicular 
distance from P to the line of the element dl] 
or dll ~ i sin Odl/r^^ in wdiich 6 is the angle 
between the line of the element and the line 
joining dl to P. (Sec vector potential.) The 
ultimate basis of the law is, of course, experi- 



mental. It may, for example, be deduced in- 
directly from the Biot-Savarl law for the field 
about an infinitely long, straight wire. Am- 
pere's law furnishes a basis lor the solution 
of all problems relating lo the magnetic fields 
l)rodu(*ed by electric currents. 

Wliat is sometimes called the circuital form 
of Ampere’s law may be tangibly expressed by 
saying tliat if a unit magnetic pole is carried 
completely around a conductor or system of 
conductors in wliich oloctrinty is flowing, in 
such a way as to 0 [)pose the field set up by the 
curr(‘nts, the work done, in ergs, is in tiin^s 
the algebraic sura of the currents, in abani- 
peres. This is easily illustrated by a special 
case The Biot-Savart law above referred to 
gives, as the magnetic field at a point distant 
r (cm) from an infinitely long, straight wir(‘ 
carrying a current i (abamperes), the value 
II = 2//r (oersteds), directed, of cour.^c, along 
the circumference of the circle having r as its 
radius. The force acting upon a unit pole 
placed at this point is therefore 2i/r (dynes). 
If now'' the pole is moved around the circle, 
against the field, the w^ork done is 

2i 

— X 2irr = 47r? (ergs). 

r 

Maxwell pointed out that Ampere^s law 
holds only for constant currents, and that 
when currents vary, the resulting changes of 
electric* displacement in the surrounding space, 
giving rise to the radiation of energy in the 
form of electromagnetic waves, involves modi- 
fications embodied in the so-called Maxwell- 
Ampere law as expressed by the first of Max- 
well’s equations. The differential form of 
Ampere’s law cannot be experimentally veri- 
fied; w’^o can observe only the field due to a 
closed current loop, not from isolated elements. 
Experimentally, we can verify that the result 
of integrating the Ampere law over any closed 
circuit gives the correct result. 
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AMPERE RULE. The magnetic flux gener- 
ated by a current in a wire encircles the cur- 
rent in the counter-clockwise direction, if the 
current is approaching the observer. 

AMPERE THEOREM. The magnetic field 

due to an electric current flowing in any cir- 
cuit is equivalent at external points to that 
due to a simple magnetic shell, the bounding 
edge of which coincides with the conductor, 
and the strength of which is equal to the 
strength of the current. (See magnetic shell, 
equivalent.) 

AMPERE THEORY OF MAGNETISM. The 

hypothesis that permanent magnetic moment 
is due to permanent, internal, current loops 
in a material. 

AMPERE TURN. A measure of magneto- 
motive force. (See also ampcrc-tum per 
meter.) 

AMPERE-TURN AMPLIFICATION. Sec 
amplification, ampere-turn. 

AMPERE-TURN GAIN. In magnetic ampli- 
fiers, the ratio of the product ol load current 
and gate turns to tlie ])ro(luet (d control cur- 
rent and control turns. 

AMPERE-TURN PER METER. A measure 
of magnetizing force II. (The magnitude of 
II at any point in a magnetic circuit depends 
on the current, tli(‘ number of turns, and the 
geometry of the circuit.) 

AMPERE-TURN RATIO. See ampere-turn 
gain. 

AMPERE-TURNS, CONTROL. The term 
control ainperc-turns expross(*s the magnitude 
and polarity of the control magnetomotive 
force required for ofieration of a magnetic 
amplifier at a specified output. 

AMPERE TURNS, CONTROL, NOMINAL. 

The difference between the control ampere- 
turns for minimum output and for rated out- 
put is the nominal control ampere-turns dif- 
ference, or briefly, control ampere-turns. 

AMPERITE. Trade name for a ballast tube. 

AMPLIDYNE. A rotary magnetic or dy- 
namo-electric amplifier frequently used in 
servomechanism and control applications be- 
cause of its high power gain. It is a single- 
stage device with a high degree of positive 
feedback. 


AMPLIF^ICATION. A general transmission 
term used to denote an increase of signal mag- 
nitude. 

AMPLIFICATION, AMPERE-TURN. Of a 
magnetic amplifier, tlic ratio of the change in 
output amperc-tums to the change in control 
ampere-turns required to produce the output 
current change. Assuming the change from 
minimum to maximum output amiiere-turns 
to be 100%, tlie nominal ampere-turn amplifi- 
cation will be measured over the following 
range: An output current 20% greater than 
the minimum to an output current 20% less 
than the maximum. Ampere-tum amplifica- 
tion hlumld he specified for operations of the 
niagnetie um])lifier at ihs rating except for 
contrf)! cm rents and output currents. The 
ampere-turn anqilifieation shall be the mini- 
mum that exists fijr any conditions within the 
rating. 

AMPLIFICATION CONSTANT OF RESO- 
NATOR. the ratio of the square of the maxi- 
nnun excess pressure in a resonator to the 
s(piare of tlie maximum external operating 
presMire. (See also sound pressure, maxi- 
mum.) 

AMPLIUCATION, CURRENT. See current 
amplification. 

AMPLIFICATION P ACTOR. This is a com- 
luonlj U'-ed parameter in vacuum-tube work 
and is usually denoted by p. In the conven- 
tional tube tlie current is controlled both by 
the voltage a])])liefl to the grid and that ap- 
idied to the plate. Because the grid is closer 
to the cathode from uluch the electrons are 
drawn, a voltage applied to it is more effective 
in dra^^ing the electrons across the tube than 
\^ould be the saint' voltage apf)]ied to the plate 
(it is the passage of these electrons across the 
eathode-anodc space which constitutes the 
tube current) . Amjdifieation factor is a meas- 
ure of llic relative effectiveness of voltages on 
the two electrodes and is defined as the nega- 
tive of the ratio of tlie infinitesimal plate volt- 
age change necessary to counteract a given 
infinitesimal eliange in grid voltage in order 
to keep the plate current constant. 

-»(--» 

\ tp constant 

AMPLIFICATION, MAGNETIC. Amplifi- 
cation achieved by the utilization of the non- 
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linear properties of saturable magnetic cores. 
(See amplifier, magnetic.) 

AMPLIFICATION, POWER. (1) In an am- 
plifier, the ratio of the power level at the out- 
put terminals to that at the input terminals. 

(2j In a magnetic amplifier, the product of 
the voltage amplification and the current am- 
plification of that amplifier, using a specified 
control circuit. (Sec amplification, voltage 
and amplification, current.) 

In a transducer the ratio of the power 
that the transducer delivers to a specified 
loatl, under specified operating conditions, to 
the power absorbed by its input circuit. 

It the input and/or output power consist of 
more than one com])oncnt, such as mulfifre- 
(liieiicy signal or noise, then the partieular 
coin])onents iisi’d and their w^eighting must be 
speeifu'd. This ratio is usiiall}^ expressed in 
decibels. 

AMPLIFICATION, VOI.TAGE. (1) The 

iati(» of the voltage produced at the output 
terminals of an amplifier, as a result of tlie 
^ ullage impressed at tin* injiut, to the voltage 
iiniiressed at the iiifuit. (2) The ratio of tlie 
magnitude of the voltage across a specified 
load imp('(lance connected to a transducer, to 
ilie magnitude' of the voltage across the input 
ul the transducer. If the input and/or output 
voltage con^'ist of mure than one component, 
such as inullifrequeney signal or noise, then 
the particular components used and their 
wc'ighting should bo sjiecifiod. By custom 
this amplification is often expressed in deci- 
1k‘1s by inulti])Iying its common logarithm by 
20. (o) Of a magnetic amplifier control-wind- 
ing, the ratio of the change in output voltage 
to the change of voltage across the control 
winding circuit required to produce the out- 
put voltage change. Assuming the change 
from maximum to minimum output voltage to 
be 1(10^; , the nominal voltage amplification 
will be measured over the followdng range: 
An output voltage 20% greater than the mini- 
mum to an output voltage 20% less than the 
maximum. Voltage am])lifieation should be 
specified for operations of the magnetic am- 
plifier at its rating except for control currents 
and output currents. The voltage amplifica- 
tion shall be the minimum ihat exists for any 
conditions within the rating. 

AMPLIFIER. A device whose output is a 
function of input signal, and which draws 


power therefor from a source other than the 
input signal. In addition to definitions of 
various types of amplifiers, the following ar- 
ticles include two long articles on basic types. 
(See amplifier, magnetic and amplifier, vac- 
uum-tube.) 

AMPLIFIER, BALANCED (PUSH-PULL). 
An amplifier circuit in which there arc tw^o 
identical signal branches connected so as to 
operate in phase opposition and wdth input 
and output connections each balanced to 
ground. 

AMPLIFIER, BOOSTER. An amplifier used 
in audio consoles between mixer controls and 
the master \olume control to prevent deteri- 
oration of signal-to-noise ratio. It generally 
supplies sufficient gain to compensate for mix- 
ing-circuit losses. 

AMPLIFIER, BOOTSTRAP. Sec bootstrap 
circuit. 

AMPLIFIER, BUFFER. An amplifier In 

wiiich the reaction of output-load-impodanc(‘ 
variation on the input circuit is reduced to a 
minimum for isolation purposes. 

AMPLIFIER, CASCADE OR MULTI- 
STAGE. A chain of amplifier stages in w Inch 
the output of the first is used as the input of 
the second, and so on. A stage of such an 
amplifier is defined as the section from a jioint 
just before the grid of one tube to that just 
before the grid of the next. 

AMPLIFIER, CASCODE. A cascade ampli- 
fier consisting of a groundcd-cathodc input 
stage driving a grounded-grid output stage. 
Frequently used in television and other UHF 
and VHF receiver input-stages because of ils 
low" noise figure. Sometimes referred to as 
the ^^Wallman Amplifier for its originator. 

AMPLIFIER, CATHAMPLIFIER. See cath- 
amplifier. 

AMPLIFIER, CATHODE-COUPLED. A 
cascade amplifier (see amplifier, cascade) in 
which the coupling between two stages is ob- 
tained by the use of a common cathode re- 
sistor. 

AMPLIFIER, "CATHODE-FOLLOWER.” 
Sec amplifier, grounded-plate. 
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AMPLIFIER, CfflRIEX, An infrequently- 
used, high-eflSciency, linear radio- frequency 
amplifier. 

AMPLIFIER, “CHOPPER.” A synonym 
for amplifier, contact-modulated. 

AMPLIFIER CIRCUIT. See amplifier. 

AMPLIFIER, CLASS-A. An amplifier in 
which the grid bias and alternating grid volt- 
ages are such that plate current in a specific 
tube flows at all times. To denote that 
grid current docs not flow during any part of 
the input cycle, the suffix 1 may be aclded to 
the letter or letters of the class identification. 
The suffix 2 may be used to denote that grid 
current flows during some part of tlie cycle. 
The same notation is used in the Class AB, 
Class B and Class C amiflifiers. 

AMPLIFIER, CLASS-AB. An amplifier in 
which the grid bias and alternating grid volt- 
ages arc such that plate current in a specific 
tube flow^s for appreciably more than half but 
less than the entire eh'ctrical cycle. 

AMPLIFIER, CLASS-B. An amplifier in 
which the grid bias is appioximately equal to 
the cutoff value so that the plate current is 
approximately zero wdien no exciting grid volt- 
age is applied, and so that plate current in a 
specific tube flow’s for approximately one-half 
of each cycle when an alternating grid voltage 
is applied, 

AMPLIFIER, CLASS-C. An amplifier in 
which the grid bias is appreciably beyond the 
cutoff so that the plate current in each tube 
is zero when no alternating grid voltage is 
applied, and so that plate current flows in a 
specific tube for appreciably less than om- 
half of each cycle when an alternating grid 
voltage is applied. 

AMPLIFIER, CONTACT-MODULATED. 
An amplifier for the amyilification of d-c and 
very low frequency signals. The signal source 
is modulated by a carrier-operated contact 
system (usually 60 or 400 cps), the resulting 
modulated wave amplified in an a-c amplifier 
to a suitable level, and subsequently demodu- 
lated. sometimes by the same contact system 
used to accomplish the original modulation 

AMPLIFIER, DIELECTRIC. An amplifier 
which utilizes as a controllable impedance 


a capacitive element whose capacitance is a 
function of applied voltage. 

AMPLIFIER, DIRECT-CURRENT. An am- 
plifier capable of amplifying weaves of infin- 
itesimal frequency. 

AMPLIFIER, DISTRIBUTED. An amplifier 

consisting of vacuum tubes appropriately dis- 
tributed along artificial transmission lines. 
This amplifier is capable of much greater 
band-widths than a conventional amplifier, 
and the onlinary figure of merit or gain-band 
width product does not apply. 

AMPLIFIER, DOHERTY. A particular ar- 
rangement of a radio-fref(ucricy liiu'ur power 
amplifier wdiercin the amplifier is divided into 
tw’o ‘sections uliose inputs aqd outputs are 
connected by quartcr-wa\e iflO”) netw’ork'-, 
and wdiobc operating parameters are so ad- 
justed that, lor all values of the input signal 
voltage up to onc-luilf maximum amplitude, 
Seetion No. 2 is inoperative and S('etion No 
1 delivers all the power to the load, which 
presents an impedance at the output of Sec- 
tion No. 1 that is Iwdce the optimum for maxi- 
mum output. At one-half maximum input 
level, Seetion No. 1 is operating at peak efR- 
ckney, hut is beginning to saturate. Above 
this level, Section No. 2 comes into operation, 
thereby decreasing the impedance jiresentcd 
to Section No. 1, which causes it to deliver 
juiditional power into the load until, at maxi- 
mum signal injiut, both sections are tipc'nxting 
at peak efliciency, and each section deliver- 
ing one-half the total output powx r to the load 

AMPLIFIER, DOUBLE-STREAM. A travel- 
ing-wave amplifier in w’hieh the amyilificaticui 
(KTiirs as a result of the interaction of two 
electron ]>cams having different a\eragc veloc- 
ities. The amplifiration takers place in tlie 
beam itself and is a result of w’hat might be 
called electromechanical interaction. 

AMPLIFIER, DYNAMO ELECTRIC. A 

powTr amplifier for d-c and very low’- fre- 
quencies whose output circuit consists of some 
form of rotating armature in a controllable 
magnetic field. It is frequently employed in 
servomechanisms and other control systems. 
See amplidyne, metadyn and rototrol. 

AMPLIFIER, FINAL. The last amplifier 
stage in a radio transmitter. 
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AMPLIFIER, FEEDBACK. In its simplest 
form, a feedback amplifier can be regarded as 
a combination of an ordinary amplifier or /u, 
circuit, and a passive netv^^ork, or circuit, 
by inenns of which a portion of the /x circuit 



can be returned to its input, ''llie n'siilting 
relationship bet^^een output and input voltage 
is 


where is calk'd ihe feedback factor and can 
be eitluT plus (f)osiiive feedback) or minus 
(nc'gative feoflback). an<l /x ilself is the am- 
plification factor of Ihe /j ciicnit. 

AMPLIFIER, GROUNDED-CATHODE. An 

ol(*ctron-l ul)(' amplifier with the cathode at 
ground potential at tlie operating frequency, 
witli input ap])li<‘d l)eiwe(‘n the control grid 
and ground, and tlu' output load connected 
betwei'ii ])late iind ground. (This is tlie con- 
vciitional amplifier circuit.) 

AMPLIFIER, GROUNDED-GRID. An elec- 
tron-tube amplifier circuit in whicli tlie con- 
trol grid IS at ground ]K)tential at the o])erat- 
ing fretpiency, witli input applied between 
cathode and ground, and output load con- 
nected between j)lat(‘ and ground. Tlie grid- 
to-}ilatc iniiiedance of the tuiic is in parallel 
with the load iii^'tcad of acting as a feedback 
path. 

AMPLIFIER, GROUNDED-PLATE (CATH- 
ODE FOLLOWER). An eloctron-tub(3 am- 
plifier circuit in which the plate is at ground 
potential at the operating frecpieney, with 
input applied between grid and ground, and 
the output load connected between cathode 
and ground. A grounded -plate amplifier is 
characterized by a large negative feedback, 
and is often used as an imiicdance-matching 
device. 

AMPLIFIER, head. The amplifier used to 
amplify the audio- ircquency output of the 
sound head oi a motion-picture projector. 


AMPLIFIER, HYDRAULIC. A power am- 
plifier (see amplifier, power) employed in 
some servomechanisms and control systems in 
which powTF amplification is obtained by the 
control of the flow of a high pressure liquid 
by a valve mechanism. 

AMPLIFIER, INTERMEDIATE-FRE- 
QUENCY. The amplifier used in superhetero- 
dyne receivers which amplifies the sum or dif- 
ference frequency produced in the mixer or 
first detector by the hcterc^dyning of the sig- 
nal and oscillator frequencies. 

AMPLIFIER, INVERTED. See amplifier, 
step-down. 

AMPLIFIER, LINEAR POWER. A power 
amplifu'r (see amplifier, power) in which the 
signal output voltage is directly proyiortional 
to ihe signal iiiyiui \oltag(*. 

AMPLJFIER, LOCK-IN. See detector, syn- 
chronous. 

• 

AMPLIFIER, IX)GARITHMIC. An ampli- 
fier whose output signal is a logarithmic func- 
tion of the input signal. 

AMPLIFIER, MAGNETIC. A devif e using 
saturable reactors either alone or in combina- 
tion with other circuit elements to secure ain- 
plification or control. 

AMPLIFIER, MAGNETIC, BALANCED. A 

<levice formed by mixing the outputs of two 
identical single-ended amplifiers so that the 
output polarity can be reversed. 

AMPLIFIER, MAGNETIC, BALANCED, 
CLASS A OPERATION. Class A operation 
of u balanced amplifier occurs when each 
single-ended amjilifier is biased so that it con- 
ducts when the input signal is zero. 

AMPLIFIER, MAGNETIC, BALANCED, 
CLASS B OPERATION. Class B operation 
of a balanced amplifier occurs when each 
single-ended amplifier is biased to cut-off so 
that neither amplifier conducts when the input 
signal is zero. 

AMPLIFIER, MAGNETIC, BALANCED, 
CLASS C OPERATION. Class C operation 
of a balanced amplifier occurs w^hen each of 
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Amplifier, Magnetic, Bridge Circuit 


the single-ended amplifiers is biased appre- 
ciably beyond the cut-off value so that neither 
amplifier conducts when the input signal is 
zero. 


AMPLIFIER, MAGNETIC, FULL-WAVE 
BRIDGE CIRCUIT. This circuit is shown 
in the accompanying figure. It provides a re- 
versible output for a servo-motor. 


AMPLIFIER, MAGNETIC, BRIDGE CIR- 
CUIT. Sec figure. 



TTPlC*LMMrC0MTR0L CONWtCTION 
UNIDiHt CIIONAk. 0 C SIGNAL 
TYPICAL MMP BlA j LONNrcTlOH 
UMIDtRLLtiONAL U C UiAS 


OUTPUT CIRCUIT 


LUAD 



typical MMT COMTROl CONNtCTU 
RCVFRSietE 0-C SIGNAL 
typical MMF 0IAS rONNECTIOI 

unidirectional 0-c bias 
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Miifiiu Ik ,1111; lilier full-wave bridge circuit 


Magi'i'tic jiii.plilii r budge ciieuit 


AMPLIFIER, MAGNETIC, CENTER-TAP 
GIRCUIT. Sec figure. 
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AMPLIFIER, MAGNETIC, DOUBLER CIR- 
CUIT. See figure. 
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Magnetic amplifier doubler circuit 


AMPLIFIER, MAGNETIC, HALF-WAVE 
CIRCUIT. Sec figure. 
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AMPLIFIER, \[AGNETIC, HALF-WAVE 
BRIDGE CIRCUIT. This (iicuit is shown 
in tlie accoiii})Mnymg figure. It provides re- 
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Magnetu amplifier half-wavo bridge circuit 


versible output for a servo-motor; and it does 
not employ cross-conduction. 
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AMPLIFIER, MAGNETIC, HALF-WAVE 
BRIDGE CIRCUIT (WITH CROSS-CON- 
DUCTION). Thib circuit IS shown in the 
accoini)jinvinf» figuie Tt jiroMdes a ie\ersiblc 



legged type in which the a-c coil is on the 
center leg may be considered of this type. 

AMPLIFIER, MAGNETIC, THREE-PHASE 
FULL-WAVE BRIDGE CIRCUIT. See fig- 
ure 



I TfPlCat MMf CONTROL CiRCyiT 
I UN 0 RCCTIUNAU 0 C SiONAL 


AT ignulK arn]>ljfjt I tint < -ph liilI-wi\o hiidgo 

tlT( lllL 


MagnctK aiiii)lifi('i hiU-wue liiidgu cncuit (with 
(Jiifhic tion) 

output for a servo-motor and it employs cross- 
conduction. 

AMPLIFIER, MAGNETIC, HALF-WAVE 
BRIDGE CIRCUIT (AUTOTRANSFOR- 
MER). I'liis cilcuit is shown in the accom- 
panying figure It provides a reveisihle oui- 



TTPlCAU MMF CONTROL CONNECTION 
RLVLRSIHLL 0 C SlGNAl 

TYPICAL MMf Bias connection 
unidirectional 0 c Bias 


OUTPUT CIRCUIT 


MagnrtK .triiplificr liili-\vi\c Ifiidgc (inuit (with 
crosb-cundiK (jon uid aiiloliaM^loiiiK r) 


put for a servo-motor; and it employs an 
autotiaii^former with cross-conduction 


AMPLIFIER, MAGNETIC, THREE-PHASE 
HALF-WAVE CIRCUIT. See figure. 



AMPLIFIER, MAGNETIC, VOLTAGE- 
CONTROLLED. A magnetic amplifier in 

which the rat(‘ of satuiablc leactor core flux 
change during the le^setting interval and, con- 
sequently the icset fluv level are directly re- 
lated to the signal voltage* and are not sensibly 
affected by such cui rents as may flow in the 
control circuit. 

AMPLIFIER, MODULATED. An amplifier 
stage in a transmitter m wdiich the modulating 
signal is intiuduced and modulates the carrier. 


AMPLIFIER, MAGNETIC, SIMPLE. A 
magnetic amplifier consisting only of satur- 
able reactors. 

AMPLIFIER, MAGNETIC, SIMPLE PAR- 
ALLEL. A simple magnetic amplifier having 
two a-c coils which are pr allel-connected. 


AMPLIFIER, MONITORING. In broadcast- 
ing and recording: an amplifier with high input 
impedance and medium powTr output which 
is bridged across the program circuit. The 
available power output is used to operate a 
loudspeaker and/or headphones for the benefit 
of control peisonnel. 


AMPLIFIER, MAGNL flC, SIMPLE 
SERIES. A sin'pM magnetic amplifier (see 
magnetic amplifier, simple) having two a-c 
coils which ’•'0 series-connected. The three- 


AMPLIFIER, NEHER TETRODE. An in- 

tcgral-cavity, negative-grid tube designed to 
operate at a frequency of about 3000 mega- 
cycles per second. 
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AMPLIFIER, NON-LINEAR. An amplifier 

in which the output is not relat(»(i to the input 
by a simple constant. One form is the volume- 
limiting amplifier (see amplifier, volume lim- 
iting) where the average gain is changed in 
such a manner that steady-state waveforms 
are accurately reproduced; another form, fre- 
quently called a clipping or over-driven am- 
plifier, has an output which is a greatly dis- 
torted version of the input. 

AMPLIFIER, PARAPHASE. A phasc-in- 
verter amplifier used to convert a single- 
ended signal to a push-pull signal. 

AMPLIFIER, PEAK-LIMITING OR GAIN 
ADJUSTING. Sec ainjilifier, volume-limiting. 

AMPLIFIER, PENTRIODE. A video am- 
plifier containing a pentode whicli, by virtue 
of suitable hypa'^'' and coupling devices, is 
ma<lo to op(‘rate as a triode (screen effectively 
connected to the )datc) over a ])ortion of tlie 
frequency range, and as a peniode (screen- 
grounded) over another part of the frequency 
range. 

AMPLIFIER, POWER. An amplifier de- 
signed to produce maximum output power 
rather than niaximuin voltage gain for a given 
percent distortion. 

AMPLIFIER POWER AMPLIFICATION. 
See amplification, power. 

AMPLIFIER, PROGRAM. IIk amplifier 
follo\^ing the master volume conti*ol in an 
audio console. Its gain brings the signal to a 
level suitable for t^anslTli^^lon. 

AMPLIFIER, PUSH-PULL. Sec amplifier, 
balanced. 

AMPLIFIER, REGENERATIVE. An ampli- 
fier with positive feedliack. (See amplifier, 
feedback.) 

AMPLIFIER, RIPPLED WALL. A type of 
single-v(docity, stream amplifier in which the 
major part of the amplification is obtained 
in a drift-tube region, where cither the tube 
diameter or the stream diameter vanes pe- 
riodically. 

AMPLIFIER, SERVO. The name applied to 
any amplifier used as a part of a servomech- 
anism. 


one tube, or, if more than one tube is used, in 
which they are connected in parallel so that 
operation is asymmetric with respect to 
ground. 

AMPLIFIER, SINGLE-ENDED PUSH- 
PULL. A fonn of amplifier in which a pair 
of output terminals may have an instanta- 
neous voltage of either polarity as may be 
dictated by the phase of the input signal. 

AMPLIFIER, STAGGER-TUNED. An am- 
plifier inconiorating stagger-tuning to provide 
a desired bandwidth characteristic. 

AMPLIFIER, STEP-DOWN. An amplifier 

used to measure very high potentials which 
sfre impressed between anode and cathode, the 
anode being negative. The corresponding grid 
current is measured with the' grid positive. 
This is sometimes called an “inverted volt- 
meter.^' 


AMPLIFIER, TIME-SHARED. An amplifier 

which may bo used for several signals by 
virtue of a sjmehronous switching arraiigc- 
meiit wliieh connects one signal, and the ap- 
propriate source', at a time to the amplifier. 
This process actually consists of a complete 
time-division multiplex modulation system. 
(Sec modulation, multiplex, time-division.) 


AMPLIFIER, TRANSISTOR. The transistor 

may be enijiloyed as an aiuiihfier in three 
basic confmuiations; the grounded-base, the 
grouiidc d-eniii t(‘r, and the grounded-eolleetor. 

(1) The groumled-base transistor amplifier 
has h'ss tluin unity current amjilifieation (for 
transi-'te/iv \m1Ii of 1 ) , no reversal; 

v^'ry low input iinj^edance; and high output 
iin])ed;uice 



Schematic representation of the grounded-'base 
transistor amplifier 



AMPLIFIER, SINGLE-ENDED. An ampii- One equivalent circuit of a grounded-base 
fier in which each stage normally employs only transistor amplifier 
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Amplifier, Transistor, Complementary — Amplifier, Vacuum Tube 


(2) The grounded-emitter transistor am- 
plifier has the largest power gain of the three 
configurations; large current amplification, in- 
put im]’>cdanre relatively low and essentially 
independent of load; plia^e reversal. 



Schematic representation of grounded-emitter 
transistor amplifier 



One equivalent circuit of a grounded-emitter 
transistor amplifier 


fd) The grounded-collector transistor am- 
plifier lias llie lu'\(‘s( po^^er gain oi flic three 
configurations, large cm rent amplification; no 
phase reversal, input iinjiedanei' (pute high 
but dependent on output impedance; output 
impedance (luite low but dependent on input 
impedance. 



Schematic representation of grounded-collector 
transistor amplifier 



One equivalent circuit of a grounded-collector 
transistor amplifier 

(Sec also transistor, parameter entries.) 

AMPLIFIER, TRANSISTOR, COMPLE- 
MENTARY. A transi&tor amplifier \Nhicli 
makes use the compleme i^ary symmetry of 
the characteristics of and PNP tran- 

sistois. As an c. Ample, an NPN transistor 
and a J’XP traii.'^! [or might be placed in a 
grounded-emitter, push-pull output circuit 
with their i . es directly in parallel. A posi- 


tive input signal will cause an increase in col- 
lector current in the NPN and decrease in 
collector current in the PNP transistor. Thus 
push-pull operation is achieved without a 
transformer or usual form of phase-invertor. 

AMPLIFIER, TRIODE. An amplifier em- 
ploying a triode electron tube. 

AMPLIFIER, TUNED. An amplifier in 

which the load impedance consists of, gener- 
ally, a parallel inductance-capacitance net- 
work. The fact that the impedance of this 
network varies with frequently causes the gain 
of the amplifier to vary as a function of fre- 
quency in a ftomevhat similar manner. 

AMPLIFIER, VACUUM TUBE. An ampli- 
fier which has a vacuum tube and its associ- 
ated circuit arranged to reproduce in its plate 
circuit in greater magnitude a voltage or cur- 
rent which IS apidied in its grid circuit. The 
teim aini>lifier is used to denote both a single 
stag!* or several stages in cascade. Vaemim- 
tube amplifiers arc classified in various ways 
according to their use, circuit, etc., hut ^11 
types depend upon a few ba'^ic circuits. Tluis 
they may be termed current amplifiers or volt- 
age amplifiers, power amplifiers, aiidio-fre- 
(lueney amplifiers, radio-frequency amplifiers 
and \arious coupling types. 

Current amplifiers are designed to give an 
amplified current in the plate circuit. How- 
ever, since the vacuum tube is a voltage- 
controlled device, the input current is applied 
to the grid as a voltage drop that is produced 
in an impedance. This voltage drop controls 
(he cuircTit in tlie plate circuit which is de- 
signed to give relatively large currents. Volt- 
age amplifiers on the other hand have their 
plate circuits designed to produce large volt- 
age drops. 

In any vacuum-tube amplifier circuit the 
fundamental operation is the controlling of the 
plate current by a voltage applied to the grid. 
This plate-current change is utilized in vari- 
ous w'ays, giving rise to several standard clas- 
sifications of voltage amplifiers. Reference 
to the figures wull aid in understanding the 
operation. Fig. la shows a simple resistance- 
coupled circuit. The a-c voltage to be ampli- 
fied is applied across the grid resistor r^. This 
voltage alters tlie plate current which varies 
as the grid voltage varies. For no-signal volt- 
age on the grid, plate current is a constant 
value of d-c, but the a-c voltage on the grid 
causes this to vary as shown in Fig. 16. This 
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current pioduces a potential drop across the 
plate resistor Rl which has the same form as 
the current. This voltage is applied across 
the grid resistor of the following tube through 
the coupling condeuser. However, since a 
condenser circuit responds only to vaiying 
voltages, only the a-c component will appeal 
across the resistor Rgi as shown in Fig \c 
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Fig 1 llo‘5i«'tiinco (oiipled \anunn-tube amplifier 


ith proper (.hone ot (luuit components the 
^oltage on the second giid is se\eial tinu's. that 
inipresbed on the first grid The latio of those 
\oltages ife the gam or amplification of the 
stage. 

While this gam \aiic& with fieciuency, for 
the middle portion of the opciatmg lange it is 
given by: 

A = niri/{R'j + 7?;.) 

where Rp is the dynamic jdate icsistance of 
the tube, /a is the amplification factor of the 
tube, and R'l Rj and R^i in parallel Pen- 
tode tubes are iioniuill\ used foi lesistance- 
coupled amplifiers because of tluir much 
greater gam 



Fig 2 Transformer oouplod vacuum-tube ampUhci 


Fig. 2 shows another method, transformer- 
coupled, of utilizing the current change in the 
plate circuit. Here the varying plate current 


pioduced by the alternating voltage on the 
gild produces a voltage across the secondary 
of the transformer. Since the transformer 
operates only on a-c the voltage across the 
secondarv is a loproduction of that applied 
to the gild of the fiist tube The gam of such 
a stage IS \er>' closely given for the middle 
c^f its operating range by; 

A = ixn 

wild I* n is the turns ratio of the transformer 
(sc( ondaiy/primarv) and /x is the araplifiea- 
tioii factoi of the tube Because they give a 
widei fieqiiciicy range with tiansformers than 
olhci t\ p( s of tubes, triodes are normally used 



1 ig J Imi)(djrifo (oiipJcd \ atuum-tubc amplifier 


m such circuits Fig d shows a thud method 
of coupling a \oltage amplifier This is veiy 
simil.ir to the resistance -coupled case but th( 
output voltage diop is acioss a choke or irn- 
pedaii(c coil This is an impedance-coupled 
ainphfiei Since the clioke c luses onlv a small 
voltage chop for d-c, veiy little of the supply 
\oltag( IV lost and most of it apjieais at the 
])latc ol the tube, thciebv increaving the gam 
b> dccuasing the d\namie |)late lesisiance of 
the tiil)c The frequency i espouse cliaraetei- 
istic of thi^ amphfmr iv usually not good as 
foi th(‘ lesistanee-couplccl type The gam in 
the middle range is gucm by 

^ 

~ v7^^+'(27r/7:p 

where / is the frcciueiiey and L is the indm - 
lance ot the choke in henries Othei symbol'' 
are as before 

The three circuits shown are commonly used 
in audio-frequency amplifieis winch must 
operate over a wide fiequency range For 
radio-frequency use the range is much more 
restricted m terms of its proportion of the 
mid-fiequency value As a consequence such 
amplifiers can and ordinarily do use tuned 
circuits for coupling elements Such an am- 
plifier is shown m Fig 4. Wliile there arc 
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many variation& of the tuned amplifier, tliia is 
typical of Ihu-t* used in the raclio-fi ecpiciicy 
[lortion i)f the usual radio receiver. The re- 
sponse of a tuned fimplifier varies markedly 
with frequency and the frequency at which 
the response is a ma\imutn may be adjusted 
by varying the condenser. This type ampli- 
fier, then, serves as a selective* de\dcc to differ- 
entiate between stations and at the same time 
serves as an amjilifier. The condenser shown 
is the timing condenser controlled by the dial 
on the panel of the ordinary railio set. 

For amplifying d-c voltages without the 
introduction of modulalion a direct-couiiled 
anijilifier must he used ^inc(’ the circuits shown 
before n'siiond only to alb'rnating voltages. 
Such an amplifier is shown in Fig. 5. It will 



Fip 5. Dnucl \ucuuiii-tube aini’hfier for d-c 

be noted that the liigli \ullagi‘ of tlie ])latc of 
the first tube would be ap])lied to the grid of 
the second if it were not for the bucking action 
of the grid or C battery v\liicli must, lliorefore, 
bo made large enough to give the correct net 
voltage on the grid. T'nless the A, B, and C 
voltages are carefully regulated, direct-coupled 
amplifiers arc rather unstable and are to be 
avoided except in cases wdicro nothing else 
wall serve satisfactorily. 

The am])lificrs discussed above arc intended 
primarily for voltage amplification. However, 
in many applications it i'-’ necessary to get 
jiowaT from an amplifier -mT so at least the 
final stage is usual ly adjusted to give power 
rather than volte g« output. An amplifier so 
adjusted is called a power amplifier. In radio 
transmitting Ircuits or large power audio- 


anqilificrs several stages may be powder am- 
])lificrs. For this type of service the circuit is 
adjusted to give as large a current as possible 
Uirough the load, wdiich has much low'er re- 
sist ance than in voltage amplifiers. The tubes 
used arc somewhat larger as a rule than those 
of voltage circuits and are specially designed 
for large current outputs. Power amplifiers 
are frequently classified as Class A, B, AB or 
C, depending upon just how they are operated. 
Class A amplifiers operate about a mean grid 
bias value such that the output wave is essen- 
tially the same as the input wave and the d-c 
plate current has a constant value (the volt- 
age amplifiers are Class A). A Class B ampli- 
fier has the grid bias adjusted so that plate 
current flow's only on the positive half-cycle 
of the input signal. Class AB is intermediate 
between A and B. In these three classes a 
subscript 1 is often used to denote that the 
grid does not take curn'iit, and a subscript 2 
to denote that grid current flow's. Since AB 
and B amplifiers using single tubes do not 
give output waves similar to the input wuivf^s 
they must be operated push-pull for aiidio- 
fnajiiency work. Class (> am])lifiers are ad- 
justed so plate current flows for less than a 
iialf-cycle of the input signal. Tliey arc used 
exclusively for nidio-frccjuency work where a 
tuned circuit may be used for the load (See 
tank circuit.) Fig. G indicates the relalive 
bias values for the different tyi)es of service. 



Fig. 6. Bias adjuRtnients for various vu(‘uum-tube 
amplifier classes 

The efficiency becomes better but the distor- 
tion W'orse in the order A, AB, B and C. For 
audio-frequency work the power amplifiers are 
normally connected to the load (loud-speaker) 
through a transformer, while in radio-fre- 
quency work air-cored transfonners and ca- 
pacitance coupling arc common. 
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AMPLIFIER, VACUUM TUBE, CLASSIFI- 
CATION. See amplifier, class-A, amplifier, 
class-AB, amplifier, class-B, amplifier, class-C. 

AMPLIFIER, VIDEO-FREQUENCY. A de- 
vice capable of amplifying such signals as 
comprise periodic visual presentation. 

AMPLIFIER, VOLUME-LIMITING. An 
amplifier containing an automatic device 
which functions when the input volume ex- 
ceeds a predetermined level, and so reduces 
the gain that the output volume is tliereafter 
maintained substantially coirstant, notwith- 
standing further increase in the input volume. 
The normal gain of the amplifier is restored 
w'hen the input volume returns below the pre- 
determined limiting level. 

AMPLIFIER, VOLTAGE. An amplifier de- 
signed for the primary purpose of producing 
an iner(‘ase in signal voltage ^^ith little or no 
attention to the available out put power of the 
stage. 

AMPLIFIER, WALLMAN. See amplifier, 
cascode. 

AMPLIFIER, WIDEBAND. An amplifier 

having uniform r('si)onse over many decades 
of freciuency. (^ne exami)le i^ the video am- 
plifiiT. (See amplifier, video-frequency.) 

AMPLISTAT. A trade name ajiplied to self- 
saturating magnetic amplifier circuits. (See 

magnetic amplifier, self-.satiirating. ) 

AMPLITUDE. (1) If a complex number is 

represented in polar coordinates it becomes 
r(cos ^ -b z sin and the angle 0 is the ampli- 



tude, argument, ()r phase of the number. (See 
de Moivre theorem.) I^he term is also used 
to designate a parameter occurring in elliptic 
functions and integrals. (2) The crest or 
maximum value of a periodic (or specifically 
a simple harmonic function of space or time) 
or, more generally, any parameter that when 
changed, merely represents a chance in scale 


factor. In amplitude-modulation systems, this 
quantity becomes a function of time, and its 
instantaneous value is of importance, but it is 
still referred to as the amplitude. 

AMPLITUDE COMPARISON. The process 
of indicating the time at wdiich tw^o waveforms 
reach the same amplitude. It may also be 
considored to be llu‘ method of determining 
the abscissa of a waveform, given its ordinate. 

AMPLITUDE DISCRIMINATOR. A circuit 
which performs an amplitude comparison. 
In addition, the sense and imigniludc of the 
inequality of the amjditudes may be obtained 

AMPIJTUDE DISTORTION. A type of 
distortion that occurs in an amplifier or otlier 
device when the amplitude of the output is 
not exactly a linear function of 'the input am- 
]di(n<le. (v^ee also amplitude-frequency dis- 
tortion; waveform-amplitude distortion; and 
harmonic distortion . ) 

AMPLITUDE FADING. Pee fading, ampli- 
tude. 

AMPLITUDE-FREQUENCY DISTORTION. 

Distortion due to an iindesired am])]itud(‘-frc- 
f|iitncy characterislic. The usual desired 
chara(‘l ('nstic is fiat over tno frequency range 
()1 inten“^l . Aiuplitude-frecjueney distoidion 
IS sometimes (‘ailed amjditude distortion or 
frequeney distortion. 

AMPLITUDE (INITIAL). The maximum 
displacement jrora a reference point of a pe- 
riodic function. The periodic function can 
describe the motion of a pendulum point, the 
motion of a point on a spring or of a point 
on a mechanical sj^stem which is performing 
oscillatoiy motion or may represent the mo- 
tion of a wave in a medium. (Cf. harmonic 
motion.) 

AMPLITUDE LIMITER. See limiter. 

AMPLIITJDE MODULATION (AM). See 
modulation, amplitude. 

AMPLITUDE-MODULATION NOISE LEV- 
EL. See noise level, amplitude-modulation. 

AMPLITUDE-MODULATED TRANSMIT- 
TER. See transmitter, amplitude-modulated. 

AMPLITUDE OF COMPLEX NUMBER 
(ARGUMENT). A complex number z x + 
iy can be written as z == r(cos + i sin (9). 
(9 is called the amplitude or argument of z. 
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AMPLITUDE OF A GENERALIZED SINU- 
SOIDAL QUANTITY. The amplitude of a 
generalized sinusoidal quantity for any value 
of the indt'iiendcnt variable is the value of 
the modifying function for that particular 
value of the independent variable. If 

y = + o) 

the amplitude of y for x — Xi is fotxi). 

AMPLITUDE OF A SIMPLE SINUSOIDAL 
QUANTITY. The ampliilule of a simple sum- 
soidal (juantity is the largest value that the 
quantity attains. Tf 

y = A sin (oix + a), 

then A is the amplitude. 

AMPLITUDE OF OSCILLATION. The 

jieak value of a sine wave is called iK ain[>li- 
tiide. By extension, a nearly sinu‘5oidal wave, 
«iu( li as a damped-sine wave, or a slovly am- 
Iilitude modulated wave, written in the form 

X = F{t) sin (wt + (p) 

i.s .said to have the (time-varying) amplitude 
F(t), 

AMPLITUDE, PEAK-TO-PEAK (DOUBLE 
AMPLITUDE). C)f an oscillating quantity, 
th(* difference between extremes of the quan- 
tity. 

AMPLITUDE RESONANCE. S(*c reso- 
nance, frequency of. 

AMPLITUDE SELECTION. See amplitude 
separation, and clipper circuit. 

AMPLITUDE SEPARATION. The process 
of separating all values of a wave greater or 
less than a given amplitude, or those lying 
between tvo amplitudes. 

AMPLITUDE VERSUS FREQUENCY RE- 
SPONSE CHARACTERISTIC. The varia- 
tion with frefjiiency of the gain or loss of a 
device or a system, 

AMU. The atomic mass unit, a unit of mass 
equal to one-sixteenth the mass of the atom 
of oxygen of mass numbei 16. 

1 amu “ ^ ,657 X 10“^^ g. 

In terms of energy, I amu = 931 mev * 1.49 
X 10“^ ergs. 


ANABATIC WIND. A wind blowing up- 
hill. In general, anabatic winds refer to winds 
originating in connection with surface heat- 
ing, such as a breeze blowing up a valley w’hen 
the sun warms the ground. 

ANALOG COMPUTER. A physical system 
togetlier with means of control for the per- 
formance of measurements (upon the system) 
which yield information concerning a class 
of mathematical proldems. In an analog 
computer quantities arc represented without 
explicit use of a language. 

ANALYTIC. A function fiz) of the com- 
plex variable z = x + iy ib analytic at a ])oint 
on the 2 -plane if the function and its first 
derivative are finite and single-valued in the 
neighborhood of the jmint. If this ])roperty 
applH*s to all points within a given region of 
the complex plane, fiz) is an analytic func- 
tion throughcMit ttie legion. Any point at 
which the deri\ativ(‘ fails to exist is a singu- 
larity or a singular point of tlie function. 

E(]uivalent definitions of an analytic func- 
tion are: fl) it must satisty the Cauchy- 
Riemann equations or Laplace's equation; 
(2) it is analytic only if it may be represented 
by a convergenji power series in sonii' neigh- 
borhood of the given point. 

Other words ollen used in jilace of analytic 
are holomorphic, meromorphic, monogenic, 
uniform, regular. 

An analvtic function of a real variable may 
be defined in a similar w^ay. 

ANALYTIC CONTINUATION. Calculation 
of the analytic function over some domain 
from precise definition of the function over 
a smaller domain. 

ANALYTICAL GAP. The region between 
the tw'o electrcxles of the source in emission 
spectroscopic analysis; also called the elec- 
trode gap. 

ANALYZER, (1) The nicol prism (or other 
device which passes only that component of 
light wdiich is polarized in a particular plane) 
which is placed in the eyepiece of a polari- 
scope or similar instrument. (2) A volt-ohm- 
mill iaminetcr test instrument. 

ANASTIGMAT. A compound lens combina- 
tion corrected so that both astigmatism and 
the curvature of the field are largely elim- 
inated over a considerable area in the image 
plane. 
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ANCHOR RING. Also called a torus, it is a 
surface which has the sha[)e of a doughnut 
with a hole in it. It can be generated as a 
surface of revolution by rotating the circle 

{y - 6)2 + ^2 ^ ^2 

around the Z-axis. Its equation, when ration- 
alized, is of the fourth degree 

(x* + + y^). 

ANDERSON BRIDGE. See bridge, Ander- 
son. 

ANECHOIC ROOM. A room in which sound 
reflections from the boundary surfaces have 
been reduced to a negligible amount. 

ANFXASTICITY (OR INTERNAL FRIC- 
TION). In general, any deviation from the 
ideal behavior jiostulaled by classical elas- 
ticity thcoiy (wiiere the strain is proportional 
to tlic applied slr<‘s^ and follows inslantanc- 
ously uj)on its apfdication) . Tlie term is ap- 
pIhmI particularly to tliose phenomena asso- 
cialed with tlu* damping ol (dastic waves in 
solids. Numeiouh causes are known for these 
effects, such as thermal diffusion, motion of 
grain boundaries, diffusion of twin bounda- 
ries, atomic solution diffusion, etc. The 
(lamjung associated with a given process de- 
pends strongly on the frequency of tlie elastic 
wave. 

ANEMOGRAPH. Instrument used for re- 
cording wdnd velocity. 

ANEMOMETER. An apjiaratus for measur- 
ing gas velocity, or sometimes pressure, espe- 
ciall}^ that of air. 

ANEMOMETER, CUP. An anemometer 

consisting of a set of three or four hemispheri- 
cal or conical cups mounted on a wlieel whose 
axle is vertical. When the wund blows it forces 
the cups and the wdieel to rotate; the wind 
velocity is related to the total number of rota- 
tions over a shori; period of time. Various 
types of counters are used to determine the 
rotations per min or per sec. 

ANEMOMETER, PLATE. An anemometer 

consisting of a simple plate mounted in such 
a manner that the wund blows against it, de- 
flecting it in the direction tow^ard which the 
wind is blowing. A pointer or scale mounted 
along the plate measures the deflection of the 
plate, which can be correlated to the wind 
velocity. 


ANEMOMETER, PRESSURE-TUBE. An 
anemometer employing the difference in static 
and dynamic pressure in a wund blowing 
across a tube mounted wuth its opening di- 
rectly into the wind. 

ANEMOSCOPE. An instrument actuated by 
a wind vane, and showung wind direction on a 
calibrated scale. 

"ANGELS.” Radar reflections in the Iowht 
atmosiihere, usually of short duration, and 
observe<l most frequently below 3000 feet. 
Since, in most cases, the object causing the re- 
flection w'as not visible, the object was called 
an “angel. F'^xperiments have proved that, 
in many cases, these reflections are due to in- 
sects or birds. 

ANGLE, The figure obtained by drawing 
two straight lines from a point. In trigo- 
nometry, an angle measures the rotation of 
one btiaighi line, the terminal line, about a 
fixed point on an initial line. It is positive 
if the direction of rotation is counterclock- 
wise. If the magnitude of the angle equals 
2ir radians, it is called a p(‘rigon angle and 
such an angle, ilividod into 360 enual parts, 
has a niagriiliidc of 360 degrei's (360®). A 
right angle Kpuils 00° or 7r/2 radians; a 
stiaight angle, hSO® or tt radians; an acute 
angh' is less tlian 00''; an obtuse angle, greater 
than 00® (but freqiKuitly limited to one le^s 
than ISO®). (See also Euler angles; angle, 
dihedral; angle, solid; triangle, spherical.) 

ANGLE, DIFFRACTION. The angle bc- 
tw^een the direction of an incident beam of 
light and any resulting diffracted beam. (See 

diffraction.) 

ANGLE, DIHEDRAL. The angle between 
two planes. The dihedral angle is zero if the 
jilanes are ])arallel. If the direction cosines 
of perpendiculars to two planes are and 
the dihedral angle betw^een the planes 
is given by 

cos 6 = XX' + iiyf “h vv' 

ANGLE MODULATION. See modulation, 
angle. 

ANGLE OF ARRIVAL. The angle between 
the line of propagation of a radiow^avc and the 
eartlVs surface at the point of reception. 

ANGLE OF BEAM. In a directional antenna 
system, the angle which encloses the greater 
part of the transmitted or received energy. 
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ANGLE OF DEFLECTION. In cathode-ray 
devices, the an^le through which the beam 
is deflected. 

ANGLE OF DEPARTURE. The angle be- 
t\^eeIl tlie line of propagation of a radiowave 
and tlie eailh’s surface at. the point of trans- 
mi^-'ion. 

ANGLE OF DEVIATION. The angular 
(‘hange in direction of a ray ot light, or other 
elect roniagnelic radiation, upon enlering an- 
other nierliiiin (S(‘e angle of incidence.) 

ANGLE OF DEVIATION, MINIMUM. Sec 
minimum angle of deviation. 

ANGLE OF DIP. S(‘e dip-needle. 

ANGLE OF DIVERGENCE. ddie inaxiimim 
angle of deflection exy^erienced bv electrons 
in an electron beam due to dcbunching. 

ANG1.E OF INCIDENCE. Tlie angle b(‘- 
tueen a lav of light stiikiiig a sui face atul tlie 
normal to that surface, as shown in the ac- 
eompaii} ing figure 
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\\he!e i is the angle of incidence, R is the 
angle ol rellection, r is the angle of refraction, 
If Is the angle ot d(*viali()n, is the index of 
i(‘lracl]on ul the iiudmin horn which the light 
1 .^ incident iiiion the surface, and rij is the 
index of refiadion of the nudiiim into wdiieh 
the light is refracted from the surface (See 
th(‘ Snell law.) 

ANGLE OF PRINCIPAL AZIMUTH. Cir- 
( iilai ly-polarized light incident on a metallic 
siirlace at the angle of principal incidence 
wull be reflected })lane-polarized liglit wdth 
its plane of vibration making an angle of 
princii)al azimuth wdth the plane of incidence. 

ANGLE OF PRINCIPAI INCIDENCE. 

I’lane-polarized light inciucnt at an angle 
u]>on a nieiallio rfacc becomes m general 
elliptically-pidarize 1 There is one particular 
angle of int’ ^ence, called the principal angle 


of incidence, for which one axis of the ellipse 
lies in the plane of incidence. 

ANGLE OF REFLECTION. The angle be- 
tween a ray of light and the normal to a sur- 
face. Tliis angle and the angle of incidence 
are in the same plane. They are related by 
the equality R ~ i. 

ANGLE OF REFRACTION. The angle be- 
tween a ray of light after refraction at an 
interface between two media and the normal 
to the interface This angle and the angle of 
incidence arc in the same plane. (Sec the 
Snell law.) 

ANGLE OF REPOSE. The maximum angle 
with the horizontal at which an object on an 
inclined plane will retain its position with- 
out tending to slide. The tangent of the angle 
of repose equals tlu‘ coefficient of static fric- 
tion. (Cf. friction (coefficient of static).) 

ANGLE OF SLIP. ( 1 ) The angle included 
b(‘tw'cen the direction ot Uk' applK'd force and 
the .surface of shear during the plastic fl«v 
of a solid body. (2) The angle of repose. 

ANGLE OR PHASE OF SINE WAVE. The 

measure of th^ lirogre^^ion of the wave in 
time or siiaee from a chosen instant or l)Osi- 
(ion In the expression for a sine wave, the 
angle or ])hase is the value ot the entire linear 
funcUon. In the k pro'-eidalion of a sine 
wave by a rotating vector, the angle or phase 
is tlie angle through wdiicli tlie \cctor has jiro- 
gressed. 

ANGLE, SOLID. Consider a ‘=-mal! cone wuth 
a base of an'a and a vertex at a fixed point 
P, ^'his cone wull cut out an area do- on a 
sphere of radius r with center al P. The 
solid angle subtended by dS at P is defined 
as dto = d(j/r^. It is numerically (‘fpial to the 
area cut out by the same cone on a spliere of 
unit radius at the same point P. The unit 
used for measuring a solid angle is the stera- 
dian. 

ANGLE VARIABLE. In classical mechanics, 
the dynamical variable w conjugate to the 
action variable 7, and thus defined only for 
periodic motion. For such motion of fre- 
quency V, w — vt + const. 

ANGSTROM COEFFICIENT. The coeffi- 
cient A in Angstrorn^s formula for the scat- 
tering coefficient for dust in the atmosphere. 
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in which X is wavelength and B depends on the 
particle size. 

ANGSTROM UNIT. The Angstrom unit 
equals IQ-® centimeters. Visible light has a 
wave length of a few tlioiisand (4000-7500) 
Angstroms. Tlie diacritical mark over the 
first letter is freciuently omitted. 

ANGULAR ACCELERATION. See accel- 
eration, angular. 

ANGULAR DEVIATION LOSS. See devia- 
tion loss, angular. 

ANGULAR DISTRIBUTION. In nuclear 
])liysics, tlie distiibution in angle, relative to 
ail (‘xpenmentally sj)ecified direction, of tlie 
intell‘^^ty of jiarticles (^r jihotons resulting 
from a miclear or an extra-nuclear process. 
( 'omijionly, the sii(*cifi(*d direction is that of 
an incident bomn, and tlu' angular distribution 
is Hint of particles \^ hicli are scattered or an* 
the products of niiclc'ar reactions. In such 
ca'^es. tli(' angular distribution in the labora- 
tory system will (h‘p('nd iiiion Hie energy of 
the iiicnh'ut jiarticles. Alternatively, Hie 
spocilierl din'(‘ti()n iniglii be that of an applied 
held, or a (lirectioii of jiolarizat Jon, or the di- 
rection of (‘mission of an associat(^d radiation. 

ANGULAR FREQUENCY. See frequency, 
angular. 

ANGULAR MAGNIFICATION. The ratio 
of the tangent ot tin* angle with the optical 
axis made by a niv upon emcrgeiiee from an 
ojitieal instiiimcmt to tlie tangent of the angle 
for Hie conjugate incident ray. 

ANGULAR MOMENTUM. The jiroduct of 
the moment of inertia of a rotating body or 
system of bodies, as measured about any axis 
of rotation, by the angular velocity about that 
axis. Angular Tn( 3 jiienturn is a conserved 
quantity, which remains constant in any iso- 
lated system. It is a vector (quantity, having 
the direction of the axis of rotation and a 
sense such that the vector jioints tow^ard the 
observer if the rotation is counterclockwise as 
seen by him. (See also torque.) 

ANGULAR MOMENTUM (ATOMIC AND 
NUCLEAR PHYSICS). The angular momen- 
tum, or moment of momentum, of an elemen- 
tary particle or system of such particles that 
either (a) spins about an axis or behaves as 


though it spins about an axis, or fb) revolves 
in an orbit or behaves as though it revolves 
in an orbit. For an elementary particle, the 
angular momentum associated wdth axial ro- 
tation is called the intrinsic angular momen- 
tum, or sjiin. V'hcn a nucleus is considered 
as a single particle, its total angular momen- 
tum is also referred to as its spin. For an 
eleiricntary jiarticlc, the compoiumt in a jiar- 
tioular direction of both kiiub of angular mo- 
inc'ntuni is (]uanlized; the quantum of spin 
angular inonumtum is and the quantum 
of oibital angular momentum is f}. 

ANGULAR MOMENTUM OPERATORS. 

Three ojierators J - Jy, J. such that 
J^Jy — JyJc -- jJi and tlie ecpuitions obtained 
from this by cyclic change. Tw^o examples 
are the orbital angular inomerttuin operator 

L - —ir XV Pauli spin operators. 

ANGULAR VELOCITY. See velocity, angu- 
lar. 

ANIIARMONIC MOTION, CLASSICAL. 
The motion of an anharmonic oscillator as 
treated by classical Hion-(}uantum) mechan- 
ics. 

ANIIARMONIC OSCILLATOR. An oscil- 
lator m which the restoring force, meclianical 
or (‘l(*ctrical m general, does not vaiy linearly 
with the displacement of the system from its 
('(juilibrium jinsit loii. 

ANHARMONIC TERMS. Te rms in Hie (*x- 
jiressiou for the jiotontial energy of a mole- 
cule or a solid w’hich are cubic or of higher 
power m (he displacements of the particle's. 
They are re’sponsible for ihermal expansion 
and for tlierrrial resistivity through the pho- 
non-phonon interaction. 

ANIIARMONICITY. (U The term me- 
chanical anhariiionicity refers to a mechanical 
Vibration in -which the restoring force acting 
on tlie system dors not vary linearly wdth the 
displacement of tlie .^y^tem from its equilib- 
rium position. (2) A phenomenon to wdiicli 
the term electrieal anharinonicity is a])plied 
occurs in the caleailation of the intennities of 
infrared bands. This jihenomenon is a de- 
parture of the variation of dipole moment 
wdth internuclear distance from a strictly 
linear relationship. 

ANION. An ion which eleposits on the anode; 
that portion of an electrolyte which carries 
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the negative charge and travels against the 
conventional direction of the electric curn^nt 
in a cell. A\’ithiri the category of anions arc 
included all the nonnietallic ions and the acid 
radicals, ns well as the hydroxyl ion. In elec- 
trochemical reactions they are designated by 
the minus sign placed above and behind the 
symbol, i.e., CU” or S() 4 -, the number of 
minus signs indicating the magnitude, in elec- 
trons, of the electrical charge carried by the 
anion. 

In electrolysis, tlie anode is positive, and the 
anion is attracted. In a battery, it is the 
deposition of negative anions that makes the 
anode negative. 

ANIONIC CURRENT. That portion of the 
e](‘ctrie current carried by the anions. 

ANISEIKON. An electronic flow-detcctor. 

ANISEIKONIA. A term for unequal imag- 
ery. By imagery is meant not the retinal 
image, but lliat \\hieh reaches consciousness 
a*^ a ])crception. (See anisopia.) 

ANISODESMIC STRUCTURE. A type of 
ionic crystal in ^^hich some of the ions tend 
to form tightly bound groups, e.g., nitrate, 
chlorate, etc. 

ANISOPIA. Ihicfiual vision in the two eyes 
}iro( hieing unecjual imagery. Aniso])ia can 
be ('it her inherently existing or artificially 
pioduced. 

ANISOTROPIC. Nonisotro])ic, and thus 
liaMng diflererit ()})tical or other physical 
pro[)ei’ties in differing directions. Wood and 
ealcite crystals are anisotropic, wliile fully- 
aniK'aled glass and, in general, fluids at rest 
a>-e inotropic. 

ANISOTROPIC MEDIUM. Any medium 
v\ho.se iiropej'ties are different in different di- 
rections. 

ANISOTROPY. Any property of a material 
v\hich results from its anisotropic nature. 

ANISOTROPY, FERROMAGNETIC. See 
discussion of crystalline anisotropy energy. 

ANNEALING. The pn vS of holding a solid 
maierial at an cl< vated temperature for some 
length of time m order that any metastable 
comlition fe.g., frozen-in strains, dislocations, 
vacancies, ety* ) may go into thermodynamic 


equilibrium. This may result in recrystalliza- 
tion and polygonization of cold-worked sam- 
ples. 

ANNIHILATION. (1) A process in which a 
pair of anti-particles meet and convert spon- 
taneously into one or more pliotons; it is the 
inverse of pair production. The commonest 
example is the annihilation of an electron and 
a positron, the rest masses of which are con- 
verted into (usually) two 0.511-mev photons 
according to the principle of mass-energy 
equivalence. (2) The conwrsion of rest mass 
into electromagnetic radiation. 

ANNIHILATION FORCE. Contribution to 
the force betwc'on an electron and a positron 
arising from the fact that these particles may 
Mrtually annihilate each other, thereby mak- 
ing the charges less effective aiul the attrac- 
tion less. Tliis raises the level of posi- 
tronium by an amount y^oL'^mc^ (a - 

ANNIHILATION RADIATION. Elect ro- 
magnetic radiation produced by the iiiii^n, 
and consequent annihilation, of a positron and 
an electron. Each such annihilation usually 
produces two, rarely one or three, photons. 
These phot oils 'have properties id^mlical with 
those of y-rays, and accompany the decay of 
all [losilron-einitting radioactive substances 
A positron and an electron are most likely to 
unite when their relative velocity is small, 
hence the energy available for the annihilation 
radiation will be that of the rosl-masses of the 
electron, 2w,r“ \ — 1.02 mevj, and th(' process 
will usually result in the production of two 
oppositely-directed photons, each of energy 
0.51 inev. 

ANODE. The electrode via which current 
enters a flevice. The anode is the positive 
terminal of an electroplating cell, but the nega- 
tive terminal of a batlcry. The term anode 
is customarily used for any thermionic tube 
electrode operated at an appreciably-positivc 
potential. 

ANODE BREAKDOWN VOLTAGE (OF A 
GLOW-DISCHARGE COLD-CATHODE 
TUBE). The anode voltage required to cause 
conduction across the main gap, with the 
starter gap not conducting, and with all other 
tube elements held at cathode potential before 
breakdown. 

ANODE CURRENT. See electrode current. 
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Anode Fall — Anomalous or Displaced Terms 


ANODE FALL. In a gas discharge tube, tlic 
fall of potential (it may be either positive, 
zero or negative) between the positive column 
and the anode. 

ANODE, HOLDING. A small auxiliary 
anode in a raeroiiry-pool rectifier such as an 
ignitron or excitron. It is supplied with d-c, 
and has the function of keeping a cathode spot 
energized during intervals when the main 
anode current is zero. 

ANODE SHEATH. In a gas discharge tube, 

the electron boundary which exists between 
the plasma and anode when the current de- 
manded by the anode circuit is larger than the 
random electron current at the surface of the 
anode. The anode fall is positive for this 
condition. 

ANODE RAYS. Among the positively 
charged particles recognizable in a (so-called) 
vacuum tube, and mixed ^^ith the ionized 
molecules and aioms of the rarefied gas, are 
sometimes found ions which are traceable to 
Ihe nu'talUc anode or to irnpuiities in it or 
upon its surface. Tlie anode may be oxidized 
or have films or patches of metallic salts upon 
it which, in the oporatiim of the tube, in some 
manner not fully understood, yield ious of the 
metal. If the anode is treated with alkali or 
alkaline-earth salts nr oxides and strongly 
heated, very copious positive emission may 
resuk, serving as a convenient source of posi- 
tive rays. 

ANODE SUPPLY VOLTAGE. See plate 
supply. 

ANODE VOLTAGE. See electrode voltage. 

ANODE VOLTAGE DROP (OF A GLOW- 
DISCHARGE COLD-CATHODE TUBE). 

The main gap voltage drop after conduction is 
established in the main gap. 

ANODE VOLTAGE, PEAK FORWARD. 

The maximum instantaneous anode voltage in 
the direction in which the tube is designed to 
pass current. 

ANODE VOLTAGE, PEAK INVERSE. The 

maximum instantaneous anode voltage in the 
direction opposite to that in which the tube 
is designed to pass current. 

ANODIZE. To place a protective film on a 
metal surface by electrolytic or chemical ac- 


tion. Aluminum and magnesium parts of elec- 
tronics equipment are frequently anodized. 

ANOLYTE. The liquid near the anode dur- 
ing electrolysis. 

ANOMAIDUS ATOMIC SCATTERING 
METHOD. A proposed method of x-ray anal- 
ysis in which the variation wdth the x-ray 
wavelength of the scattering power of certain 
atoms is lo be exploited. 

ANOMALOUS DISPERSION. Ordinarily 
the refractive index n of a medium decreases 
wdth increasing wavelengih A (see dispersion). 
It uft(‘n happens, howewer, that in tlie imme- 
diate vicinity of a certain waAelei-gth Aj there 
is a break or discontinuity in the dispersion 



Variation of refractivo index with waxeleTigth, illus- 
trating anomalous disj^eiMon 

curve and the usual rule may be k^cally re- 
versed (see figure). In some cases (here are 
several such points, Ai, A*j, A 3 , • • *. These dis- 
eonlinuities corresiiond to lines or bands in the 
absorption .spectrum of the medium. In the 
Sellmeier dispersion formula, 

A\^ B\^ 

” - 1 ^ — — '2 + 75 71 ^ . 

the several fractional terms make provision 
for the respective discontinuities The absorp- 
tion wavelengths Ai, Ao • • and the constants 
Ay B, • • • must be determined experimentally. 
If there is pronounced alisnrption and anom- 
alous dispersion in the visible rang(\ the me- 
dium appears colored, as illustrated by trans- 
parent dyes. (See also Hartmann formula.) 

ANOMALOUS MAGNETIC MOMENT 
(ELECTRON). Contribution e^/inme^ to the 
magnetic moment of the electron arising from 
radiative coiTections to the value efi ^2rnc de- 
rived from the unquantized Dirac electron 
theory, 

ANOMALOUS OR DISPLACED TERMS. 
Spectral terms forming part of a group for 
which the limiting terms (corresponding to the 
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ionizing potential in the normal spectra) have 
negative values. 

For example, a rom])lete energy level dia- 
gram for calcium shows two such sets of levels, 
marked 3d and 4p, which arc located above 
the limit for the nonnal terms of the si)ectruin. 

ANOMALY OF STRONG ELECTROLYTES. 
See electrolytes, anomaly of strong. 

ANOTRON. A cold-catluxle, glow-discharge 
diode. The cathode frequently may be of 
.sodium, while the anode i.s conqioscd of coiiper. 

ANTENNA. In the jirocess of radio com- 
munication the power generated in the trans- 
mitter must be projected or radiated into spa(‘e 
and at the receiver some of this radiated 
oiKTgy must be abstracted from the ])assing 
radio wave and fed into the recei\er proper. 
It is the antenna which radiates th(‘ jiower at 
(he transmitter and wliich [licks up the signal 
at the reecaver. Tlu* anUaina form range's 
inan a simjde short length ot wire for the 
jeeaaver to an elaborate array of wares or steel 
towers for large tran^mit tors. \\ lu'ii alteriiat- 
lug voltage of a high freqiu'iicy is connected 
to 0 conductor wddeh is opi'ii at the end a cor- 
r(‘sponding high-fr('c]ueiicy a-c will flow in the 
(‘onductor and return to the voltage source 
through Ihe capacitance bel ween the conductor 
and the rest of the circuit. This rai)id a-c 
causes energ>" to be radiat(‘(l into space from 
the conductor. 'Jdiis energy travels out from 
the conductor and doe.< not retnni. The con- 
ductor in this case is the antenna (of course 
tlie various connecting wares of the transmitter 
also have high-fn'(|ueney a-c and hence will 
radiate to some extent but very inefficiently). 
Tlio efficiency watli wddeh an antenna radiates 
is determined by its length and configuration, 
and its location w'ith respect to tlie ground, 
surrounding objects, etc. In general, better 
radiation is obtained wdien the antenna length 
is an appreciable part of a wavelength of the 
radio signal. Thus they are usually such 
values as quart or- w'av(\ half-w’avo, etc, 

ANTENNA, ACHROMATIC. An antenna 

w'liose characteristics arc uniform over some 
desired band of fre(|U(mcies. 

ANTENNA, ADCOCK. pair of vertical 
antennas soiiaratc^* by a aistance of onc-half 
w’avelength or and connected in phase 
opposition t(' jiroduce a radiation pattern hav- 
ing the shai * of a figure of eight. 


ANTENNA, ALFORD SLOTTED TUBU- 
LAR. A horizontally-polarized antenna de- 
veloped for FM broadcast wmrk. It consists 
of a sheet of metal bent int6 the form of a 
cjdindcr wdiich is not quite closed, hence a 
straight narrow slot extends the full length 
of the cylinder or tube. It is so dimensioned 
that the distribution of potential across tlie 
slot has very nearly the same phase through- 
out the entire length of the slot. The currents 
produced flow' in horizontal circles around the 
cylinder so that the latter operates something 
like a stack of small, in-plmsc loops. 

ANTENNA, APERIODIC. A non-resonant, 
and thus frequcaicy-inscnsitivc antenna. 

ANTENNA ARRAY. A system of antennas 

coupled together for the purpose of obtaining 
directional effects. 

ANTENNA ARRAY, APERTURE OF THE. 

That poilion of a plane surface near the an- 
tenna, iKTpendicular to ihe maximum direc- 
tion of radiation, through whicli tlu' maj^i’ 
portion of the radiation pa■^s(‘^. 

ANTENNA ARRAY, BINOMIAL. A tyi)e of 
broadside array in w'bicli the radiation pattern 
w'lll contain a singh' lobe (oi* two lolx's if tin' 
pattern is bidircetional ) . All of the anieimas 
are fed in the same jihasc, they arc* uniformly 
spared at half-wavelength in(('rvals, and (lie 
relative current amplitudes in various eh'- 
inents in the array follow tlie numbers of ili(‘ 
binomial exi)ansion. (Sec antenna array, 
broadside.) 

ANTENNA ARRAY, BROADSIDE. Tarallel 
antenna eleineiits with curn'iits in i)hase may 
be combined to form a broadside array, so 
named because the direction of maximiiTn ra- 
diation is broadside to the plane (lontaining 
the antennas. The resulting radiation pattern 
has circular symmetry about the line of an- 
tennas as an axis. 

ANTENNA ARRAY, CLOSE-SPACED. An 

array in wdiich the spacing of the elements is 
less than % w’aveleiigth. 

ANTENNA ARRAY, CONTINUOUS LIN- 
EAR. An infinite number of infinitesimally 
spaced sources. Some dielectric antennas (sec 
antenna, dielectric) and leaky-pipe antennas 
(see antenna, leaky-pipe) belong to this gen- 
eral class. 
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ANTENNA ARRAY, END-FIRE. Parallel 
antenna elements with currents 180° out of 
phase, which radiate the greater part of their 
energy along the line of the antennas. 

ANTENNA ARRAY. LINEAR. An antenna 
array whose elements are equally spaced along 
a straight lino. 

ANTENNA, ARRAY OF ARRAYS. A num- 
ber of simdar antenna arrays each having a 
moderate amount of direct iviiy may be ar- 
rayed to foiin ail array of arrays. 

ANTENNA, BANDWIDTH OF. The range 
of frequencies within wdiich the performance 
of an antenna, in rcsi)cet to some characier- 
istic, conforms to a specified standard. 


ANTENNA, 

wave. 

BEVERAGE. 

See 

anteima. 

ANTENNA, 

BICONICAL. 

An 

antenna 


formed by two eonieal conductors, having a 
common a\is and \erte\, and excited at llic 
\('rtcx. AVhen the V('rtc\ angle of (me of the 
cones is ISO"", the antenna is eall(‘d ,i discone. 

ANTENNA, BROADBAND. \n antenna 

wliieli will function sal isfaelorily over a liand- 
width in th(‘ order of 10 fier cent or more of 
ils center fn (pieney 

ANTENNA, “BUPS.’’ A 10 cm dipole array 
wliieh is non-dii eet ional in ay.imuth. Maxi- 
mum radiation occurs i\i low veiliral angles. 
Vsed for beacon seiviee. 

ANTENNA, CAGE. An antemna in which 
lh(^ radiating members ar(' parallel rods ar- 
ranged in a cylindrical fashion. 

ANTENNA, CAPACITOR. An antenna in 

which the capacitance between two eondindors 
or systems of conductors is the es.->cntial char- 
acteristic. A dielectric antenna (See an- 
tenna, dielectric.) 

ANTENNA, CHEESE. A cylindrical para- 
bolic rcllecior enclosed by two })lates ptTpeii- 
dicular to the cylinder, so spaced as to permit 
the propagation of more than one mode in the 
desired direction of polarization. It is fed on 
the focal line. 

ANTENNA, CHIREIX-MESNY. A high-fre- 
quency, directive antenna in whieli each dipole 
element forms one side of a square. Copliased 
vertical and horizontal current components 
flow in the diagonals. A reflecting sheet which 


is a duplicate of the drh^en clement is spaced 
one-quarter w^avelength to the rear. The ra- 
diation pattern is a unidirectional beam, 
broadside to the plan of the radiators. 

ANTENNA, CIRCULAR. Essentially a 
folded dipole antenna (see antenna, folded 
dipole) bent info a eirelc. 

ANTENNA, “CLOVERLEAF.” An antenna 

for trallSTni^si()n or reception of hori/onf ally- 
polarized radiation in a non-direetional pat- 
tern in a plane nonnal (o the axis of the an- 
tenna. its name anst's from the fact that it 
is comprised of a cluster of four lialf-w^ave, 
curved, radiating elcuncnts arranged in the 
pattern of a four-leaf ciov^T. 

ANTENNA, C^OAXIAL. An antenna com- 
prised ol a quarter wavelength extension to 
the inner conductor of a coaxial line, and a 
radiating sU'Cvo which, m effect, is formed 
by folding back tin' oiiUt eondiietor of the 
(‘oaxial line for apfiroxiinatt'ly one-ciuarter 
wav’clenglh. 

ANTENNA(S), COLINEAR COAXIAL. Co- 
axial antennas arraimed in a eolinear anM 5 X 
(See antenna, coaxial and antenna, eolinear.) 

ANTENNA, f.OLlNEAR OR FRANKLIN. 
An antenna (‘on^i^tuni ol a luimher of half- 
wave (lip(‘]es f^ 0 (> antenna, dipole; placed 
('nd-to-eml, all ojierating in pha^e. 

ANTENNA, C OMBINED V AND H. A 
etmihined loop and vi'iln-al radiator which 
radiate^ (’qual-.^tiTugtli horizontal and vertical 
field (M)inponents. 

ANIENNA, CONICAL. A wdde-band an- 
tenna in which the diiven element or eleriKmts 
are eomeal in sliajie (See antenna, biconical.) 

ANTENNA, (HOLLOW) CONICAL. A bi- 
eonieul antenna (>('(• antenna, biconical) in 
winch the sf)herical eiKl-ea[)s for the conical 
section^ have been left off. 

ANTENNA, COSECANT-SQUARED. A 

type of radar antenna winch provides constant 
field strength at a given altitude over an ap- 
prc'ciable range. So-called bc(*ause the powder 
in tlie antenna pattern on one-w^ay transmis- 
sion decreases at a rate proportional to the 
square of the cosecant of the elevation angle. 
This radiation-pattern may be approximated 
by using a paraboloidal reflector with several 
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radiators arranged in a line perpendicular to 
the axis. 

ANTENNA CROSS TALK. A measure of 
undesired power transfer through space from 
one antenna to anottier. Numerically, antenna 
cross talk is the ratio of the power received 
by one antenna io the power transmitted by 
I he other, usually cxjiressed in decibels. 

ANTENNA COUNTERPOISE. One or more 
wures stretched beneath an antenna, but ele- 
vated above, and insulated from, the earih. 
The antenna circuit is comiiloiod through the 
cajiaciiance of the counterpoise to ground. 
This system has application where a satisfac- 
tory connection to ground is not possible or 
practical. In high-frequency systems, tlie an- 
tenna plus countcTpoiso is sometimes called 
the groimd-jdane antenna. 

ANTENNA, (HOLLOW) CYLINDRICAL. 
An antenna containing hollow cylinders as 
radiating eh'inents. Tlie dipole antenna fre- 
qiu'ntl}'' contains hollow -c^dindrical elements 
m or<ler 1hat desired mipcdance-miilchirig and 
bandwidth characteristics may be obtained 
(See antenna, dipole.) 

ANTENNA, CUBICAL. An array (sec an- 
tenna array) of ('lements arranged m a cubical 
fonnation. 

ANTENNA, DIAMOND, The name sorne- 
tiiiK's a[)plied to tlie rhombic antenna (See 

antenna, rhombic.) 

ANTENNA, DIELECTRIC, An antenna 

winch employs a dielectric as the major com- 
])onent in producing the required radiation 
pattern. 

ANTENNA DIPLEXER. A circuit configura- 
tion wdiich will permit two transmitters (the 
video and aural transmitters of a television 
statitJi) as an example) to transmit simulta- 
neously from the same antenna without inter- 
action. 

ANTENNA, DIPOLE. A straight radiator, 
usually fed in the center, and producing a 
maximum of radiation in the plane normal to 
its axis. The length 'oecified is the over-all 
length. Common us'ip in microwave anten- 
nas considers dipole to be a metal radiating 
structure wdjicii supports a line current dis- 
tribution vsimilar to that of a thin straight 
wire, a half-wavelength long, so energized that 


the current has two nodes, one at each of the 
far ends. 

ANTENNA, DIRECTIONAL. An antenna 

having the property of radiating or receiving 
radio waves more effectively in some direc- 
tions than others. 

ANTENNA DIRECTIVE GAIN. See an- 
tenna power gain. 

ANTENNA, DISCONE. An antenna of a 

disk and a cone whose apex approaches and 
becomcb common with the outer conductor ol 
the coaxial feed at its extremity. The center 
conductor t(Tmmatos at the cenler of the disk, 
which is p(T[)endicuhir to the axi> of the cone. 
Its most im|>ortant charact(‘risric is its ability 
to operate over a vei*y wide bandwddth with- 
out a substantial change of input iin[)cdanco 
or radiation pattern. The radiation pattern 
IS omnidirectional in a plane perpendicular to 
the axis of the cone. 

ANTENNA, DOUBLET. Somc'times referred 
to as a half-w'ave dipole or Hertz antenna, it 
is center-fed and has an over-all length of 
approximately one-half a wavelength. (See 

antenna, dipole.) 

ANTENNA, DUMMY. A device which has 
the necessary impedance characteristics of an 
antenna and the necessary powxT-handling 
capabilities, but W'hich does not radiate or 
receive radio waves. In receiver practice, that 
portion of the impedance not included in the 
signal generator is often called “dummy an- 
tenna.^^ 

ANTENNA EFFECT. (Old usage.) In a 
loo)) anienna (see antenna, loop), any spuri- 
ous effect resulting from the capacitance of 
the loop to ground. 

ANTENNA EFFECTIVE HEIGHT. The 

effective antenna height h is found from the 
following relationship 

ed 

ft = 

0.2w/ 

wrhere ft is the effective height in meters, c is 
the measured field intensity in microvolts per 
meter, d is the distance in kilometers from 
antenna to point of c measurement, w is the 
angular frequency in kiloradians per second, 
I is the antenna current in amperes at point 
of energization. 
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ANTENNA EFFECTIVE RESISTANCE. 
See antenna resistance. 

ANTENNA ELECTRICAL HEIGHT 
(LENGTH). The actual length of the an- 
tenna in terms of wavelengths or fractions 
thereof. Applicable only in systems with 
sinusoidal current distribution. 

ANTENNA, FANNED-BEAM. A unidirec- 
tional antenna so designed that transveivse 
cross sections of the major lobe are approxi- 
mately elliptical. 

ANTENNA FIELD GAIN. The ratio of the 
effective free space field intensity produced 
at one mile in the horizontal plane expr(‘ssed 
in millivolts per met(T for 1 kilowatt antenna 
input power to l‘:57.6 mv/m. 

ANTENNA, FISHBONE. An antenna con- 
sisting of a si'ri('s of coplanar elements ar- 
ranged in eollinear ]iairs, loosely coupled to 
a balanced transmission line. 

ANTENNA, FLAGPOLE. The name soim'- 
times ap])liecl to the coaxial antenna (see an- 
tenna, coaxial) because of its flagpole-liki' ap- 
pearance. 

ANTENNA, FOLDED DIPOLE. An an- 
tenna coMipO‘-ed ot two parallel, cIoncIv spared 
dipole anteT]nas (see antenna, dipole) eon- 
neeted togcahor at their ends with one of the 
dip()l(‘ antennas fed at its center. 

ANTENNA, FRANKLIN, Sec antenna, co- 
1 inear. 

ANTENNA, GAIN OF. (Old usage.) The 
measured gain of one transmitting or n'ceiving 
antenna over another is the ratio of tlie signal 
power one antenna produces at tlie reeei^'er 
input terminals to that produced by the otheiy 
the transmitting power level remaining fixed. 

ANTENNA, GROUND-PLANE. See an- 
tenna, counterpoi.se. 

ANTENNA, GROUND SYSTEM OF. That 
portion of an antenna, closely associated with 
and including an extensive conducting surface, 
which may be the earth itself. 

ANTENNA HEIGHT ABOVE AVERAGE 
TERRAIN. The average of the antenna 
heights above the terrain from two to ten miles 
from the antenna. (In general a different an- 
tenna height will be determined by each direc- 
tion from the antenna. The average of these 


'various heights is considered as the antenna 
height above the average terrain.) 

ANTENNA, HELICAL. An antenna used 
where circiilaj' polarization is required. The 
driven clement consists of a helix supported 
above a ground plane. If the circumference 
of one turn is approximately one wavelength 
the radiation is said to be in the axial rnofle 
and is directed predominately along the axis 
of the helix. In tins mode tlie antenna lias 
good eflieicney and rc'latively broad band- 
width. 

ANTENNA, HERTZ. See antenna, doublet. 

ANTENNA, HORN-TYPE. A flared, open 
extension of a waveguide vliieli may })e di- 
inensioned to })rovide impedance match be- 
tween the w av(‘giii(](' and free space as well 
as dir(‘clioiial (‘haraeteristics over a compara- 
tively wide frequency-range. 

ANTENNA, IMAGE. An antenna located 
close to the earth’s surface (assumed to 1)0 a 
perfectly-conducting plane) transmits a direct 
ray, and a ray rt^flected from the (’arth’s sur- 
face. It is conv(‘nicnt to nprc'sent the re- 
flected ray as originating from an imago an- 
tenna identical to the original, and located in- 
side the earth by a distance ('(pial to the 
height of the original above the earth. 

ANTENNA INPUT RESISTANCE. See an- 
tenna resistance. 

ANTENNA, ISOTROPIC (UNIPOLE). A 

hypothetical antenna radiating or receiving 
eciually in all directions. A pulsating spliere 
is a unipole for sound weaves. In the case of 
electromagnetic waves, unipoles do not exist 
physically, but represent convenient referenee 
antennas for expressing dircctivt* properties of 
actual antoiinas. 

ANTENNA, J. A half-wave antenna, end-fed 
by a parallel-wdre, quart or- w'ave section hav- 
ing the configuratioTi of a J. 

ANTENNA, LEAKY-PIPE. I'xternal radia- 
tion is i)rodueed by providing a hole or slot in 
a waveguide propagating electromagnetic 
powtT. Proper choice of the size and location 
of a series of holes in the \vaveguidc may lead 
to quite directional radiation-i)attems. 

ANTENNA, LENS. To satisfy high direc- 
tivity requirements, a lens is often placed in 
front of another radiator such as a dipole or 
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horn. In much the same manner as an optical 
lens focuses light waves, these microwave 
lenses focus the high-frequency energy into a 
sharp beam. 

ANTENNA, LENS (ARTIFICIAL DIELEC- 
TRIG OF). The fund ion of the dielectric is to 
delay the portion of the wavefront going 
through the middle of the lens. These lens 
are sometinies called delay lenses for this rea» 
soji. Because of their weight, dielectric lenses 
made from sucli materials as polystyrene are 
not usually used in microwave lenses. Instead 
an artificial dielectric is produced by support- 
ing small metal disks or spheres in a lattice 
arrangement to simulate the molecules of a 
true dielectric. This lens is quite broadband. 

ANTENNA, LENS (DELAY OF). See an- 
tenna, lens (artificial dielectric of). 

ANTENNA, LENS (METALLIC). Parallel 
metal surfaces i)lacod parallel to the E field 
j)roduced l)y a radiator. Since tiie phase 
velocity in waveguide is larger than the free- 
vS])ace velocity, tlie net phase change at a given 
point may be controlled by varying tlie hmgth 
of the path the wave travels ljeh\(‘(*ii the sur- 
faces. Thus a sj)herical wa\e may pass 
through the lens and eineige a ])lane wave 
because of the >el(‘ctive phase-shift functions 
IHTformed. (See antenna, lens.) 

ANTENNA, LENS (PATH LENGTH), This 
lens r(‘lains the hyfj(‘rbolic shape of the arti- 
licial dielectric lens, but contains parallel eon- 
diiding slieets which are perpendicular to the 
K field. The slu'cis may be corrugated or set 
at an angle to produce a longer path length 
through the lens than through free space, so 
that an equivalent angle of refraction is ])ro- 
duced. 

ANTENNA, LONG-WIRE. A linear antemia 
(see antenna, linear) w’hieh, by virtue of its 
eonsiderafile length in comparison wdth the 
operating w’avelength, provides a direct lorial 

radiation pattern. 

ANTENNA, LOOP. An antenna consisting 
of one or more complete turns of conductor 
and functioning by virtue of the circulatory 
euiTcnt tliercin. 

ANTENNA, LOOPSTIGK. A reduced-size 
loop antenna (sc( antenna, loop) having the 
loop wound on a r>a or bar of some type of 
ferrite material. 


ANTENNA, MARGONI-FRANKLIN. This 
an*ay (see antenna array) , one of the first em- 
ployed for high-speed shortw^ave point-to- 
})()int communication, consists of a front cur- 
tain of vertical radiators, each consisting of 
several cophased dipoles in scrievS, and another 
curtain of reflecting w’ires of the same con- 
struction situated onc-quarler wavelength to 
the rear. Those are twice as many reflectors 
as radiators. 

ANTENNA, MARGONI OR GROUNDED. 
An antenna with one end of its radiating sur- 
face grounded. Jt may be considered as a 
transmission line opcn-circuitcd at the far end 
and driv('n at the sending end, wdiich is the 
junction between antenna and ground. 

ANTENNA, MARKER. The transmit 1 ing an- 
tenna for a marker beacon. 

ANTENNA, MULTIPLE-TUNED. A low- 
frequency antenna liaving a horizontal s(‘cti(m 
wdth a miilti])licity of tuned vettical st’etion^' 

ANTENNA, MUSA. A ^hnultiple-nnit stet^r- 
able antenna” consisting of a number of sta- 
tionary antennas, IIk' composite major lol)(‘ 
(see lobe, major) of which is elect I'ically 
steeiable. 

ANTENNA OHMIC RESISTANCE. See an- 
tenna rcsislanec. 

ANTENNA, OMNIDIRECTIONAL. An an- 
tenna proilucing essentially constant field 
strength in azimuth, and a directive radiation 
pattern in elevation. 

ANTENNA, OSCILLATING DOUBLET. A 

reference standard against wdiich the direc- 
tional characteristics of an antenna may be 
compared. Ideally it consists of two closely 
spaced charges of oi^posite sign, both oscillat- 
ing in the same phase. Also, it may be re- 
garded as an infinitcly-short, linear current- 
element. 

ANTENNA, PARABOLIC. A directional an- 
tenna (see antenna, directional) using some 
form of a paraboloidal mirror either to con- 
vert plane waves into spherical waves or to 
convert spherical weaves into plane waves. 
The reflector is fed or ^^illuminated” by the 
use of dipoles, waveguide feed systems, or 
horns. The simple parabolic mirror is truly 
a broad-band device. 
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ANTENNA, PARASITIC. An antenna ele- 
ment that operates as a part of an array with- 
out direct connection to the source of power 
(or in the case of a receiver, without eonnec- 
tion to the receiver iemiinals). 

ANTENNA PATTERN. See radiation pat- 
tern. 

ANTENNA, PENCIL-BEAM. A unidirec- 
tional antenna (see antenna, unidirectional), 
so desifi^iied that cross sections of the major 
lobe by jilanos perpendicular to the direction 
of maxiniuiii radiation are ai)proxiinatcly cir- 
cular. 

ANTENNA, PILLBOX. A cylindrical, para- 
bolic reflector enclosed by I wo plates perpen- 
dicular to tb(' cylinder, so sjiaced as to pcTinit 
tlie propap:ation of only one mode in tlie de- 
sired direction of polarization. It is fed on 
the local line. 

ANTENNA, POCKET. A non-protruding 
slot antt'iina f'-ee antenna, slot) developed for 
aircraft ajiplications 

ANTENNA POliYROD. A form of dielectric 
antenna ^see antenna, dielectric) made of 
polystyrene rods. 

ANTENNA POWER GAIN. In a given di- 
n‘ction Att tunes the ratio of the radiation in- 
tensity in tluil direetion to the total ])ower 
delivenal to the antenna. 

ANTENNA, QUARTER- WAVE. An antenna 

which is electrically one-quarter of a \\a\e- 
lengtli long. It may be ])hysically longer or 
shorter than one-quarter w aveh'iigtli in free 
space. 

ANTENNA RADIATION PATTERN. See 
radiation pattern. 

ANTENNA RADIATION RESISTANCE. 
See radiation resistance. 

ANTENNA, RECEIVING. An antenna used 
for the reception of radiated electromagnetic 
waves. 

ANTENNA RESISTANCE. The quotient of 
the power supplied to the entire antenna cir- 
cuit by the square of the effective antenna cur- 
rent referred to a specified point. Antenna 
resistance is made up of sucli components as 
radiation resistance, ground resistance, radio- 
frequency resistance of conductors in the an- 
tenna circuit, and equivalent resistance due to 


corona, eddy currents, insulator leakage, and 
dielectric powder loss. 

ANTENNA RESONANT FREQUENCY. 

That freciuency or frequencies at which the 
antenna appears as a pure resistance. 

ANTENNA, RHOMBIC. An antenna com- 
posed of long-wdre radiators eomjirising the 
sides of a rliombiis. The antenna usually is 
terminated in an impedance. The sides of tlie 
rhombus, the angle between the sides, the 
elevation, and the termination are propor- 
tioned to give the dchired directivity. 

ANTENNA, ROTARY. Any form of antenna 
which may be rotated around its center in 
oi;der that it< directional ^diaracteristics may 
be used fo advantage. 

ANTENNA, SCANNING. A directional an- 
tenna (see antenna, directional) employed in 
radar winch mechanically or electrically 
causes its radiation to scan i^oriodically a 
giv(‘n arc or solid angle. 

ANTENNA, SECTIONALIZED VERTICAL. 
A vertical antenna (sec antenna, vertical) 
winch i‘5 insulated at one or more points along 
its length. Tlie insertion of suitable re- 
actances or ap|)lications of a driving voltage 
across tlic insulated points results in a modi- 
fied current distribution giving a more desired 
radiation pattern in th(' vertical iilane. 

ANTENNA, SECTORAL. Se e horn, sectoral. 

ANTENNA, SERIES-FED VERTICAL. A 

vertical antenna (see antenna, vertical) wiiicli 
is insulated from giouiid and energized at the 
ba'-t‘. 

ANTENNA SERIES LOADING. A method 
of tuning wdiereby the effective height of a 
vertical colinear array may increase with 
proper nonradiating impedances employed be- 
tween the eleuK'nts. (Sec antenna, colinear.) 

ANTENNA, SHAPED-BEAM (PHASE- 
SHAPED). A unidirectional antenna (see 
antenna, unidirectional) whose major lobe 
differs mat(‘rially irom that ob(ainable from 
an iqiertun' of uniform pJiase. A cosec- 6 
beam is a shaped beam whose intensity in 
some plaiK* varies as coscc- 6 over a pre- 
scribed range, wdiere ^ is a polar angle in that 
plane. The half-power width in ])lanes, per- 
pendicular to this plane, is approximately con- 
stant for the prescribed range of 9. 
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ANTENNA, SHUNT-FED VERTICAL. A 

vertical antenna (see antenna, vertical) con- 
nected to ground at the base and energized at 
a point suitably positioned above the ground- 
ing point. 

ANTENNA, SIMPLE DOUBLET. See an- 
tenna, doublet; antenna, dipole. 

ANTENNA, SLEEVE-DIPOLE. A dipole 
antenna (see antenna, dipole) Murounded in 
its central portion by a coaxial sleeve. 

ANTENNA, SLEEVE STUB. An antenna 
consisting ot half of a sleeve-dijiolc antenna 
projecting Irom an extended metal >surface. 

ANTENNA, SLOT. A radiating elemejit 
formed by a slot in a metal surface. 

ANTENNA, SPACED. An antenna array 
u^ed lor diversity reception, consisting of sev- 
eral antennas sjiaced several wavelengths 
apart. 

ANTENNA, SPHERICAL. A theoretical 
radiator, sph(‘rical in shape, 

ANTENNA, SPIDER-WEB. An antenna 
array consisting of seveial, tliff('rent length 
doublets coupled to a common transmission 
line tor v^ide band (standard broadcast and 
short e) i eception Suit able frccpicncy- 
sensitive elements are used, so that essentially 
only oiH' antenna functions at a given fre- 
quency. The name is derived from its phys- 
ical appearance. 

ANTENNA, SQUARE LOOP. An array (see 
antenna array) C(»nsi^tmg of four dipole ra- 
diators arranged in a S([uare. The dipoles may 
take the form of folded or simple dipoles fed 
at the center. 

ANTENNA, STEERABLE. A directional an- 
tenna (see antenna, directional) whose major 
lobe (see lobe, major) can be readily shifted 
in direction. 

ANTENNA, STERBA CURTAIN. An array 
employing a front curtain of several radiators 
solaced one-half wavelength, with uniphased 
currents, and a similar reflector curtain di- 
rectly excited by transmission lines. Radia- 
tion is directed perpcndieu‘".rly to the line of 
the array. 

ANTENNA, “SUPER-TURNSTILE.” An im- 
proved vers'^*" of the turnstile antenna. It 


has a broader bandwidth and is easier fed 
than the original turnstile developed by 
Brown. (See antenna, turnstile.) 

ANTENNA, TOP-LOADED VERTICAL. A 

vertical antenna (see antenna, vertical) so 
constructed that, because of its greater size at 
the top, there results a modified current dis- 
tribution giving a more desirable radiation 
pattern in the vertical plane. A series reactor 
may be connecied between the enlarged por- 
tion of the antenna and the remaining struc- 
ture. 

ANTENNA, TRIDIPOLE. An omnidirec- 
(ional, hoi’izontally-polarized antenna consist- 
ing of three di])oles displaced from (’ach other 
by GO® in the horizontal jilane. The radiators 
are curved, eaubing the array to have a cir- 
cular apiiearance. 

ANTENNA, TURNSTILE. An anteiiim com- 
posed of two dipole antennas (see antenna, 
dipole), normal to each other, with their axes 
intersecimg at their midpoints Ubiiallv, tiiie 
cuiientb are ec|iia] and in phase quadrature. 

ANTENNA TURNSTILE (BROWN). A type 
of antenna <Iovelo]ied by Jirown. (See an- 
tenna, turnstile.) 

ANTENNA TURNSTILE, DE MARS, An 

improved turnstile antenna in which certain 
[)habing op('rations are jierformed at the base 
of the supporting tower rather than at the 
antenna elements. (See antenna, turnstile.) 

ANTENNA, UNIDIRECTIONAL. An an- 
tennu \\hich has a single well-defined direction 
of maximum gain. 

ANTENNA, UNIDIRECTIONAL COU- 
PLET. A two-dimensional array made up of 
])airs of isotropic antennas spaced a quarter 
wave aiiaii) and phased by a quarter period. 
The directional pattern of each pair is a 
cardioid. This is thus a type of broadside 
array. (Sec antenna, broadside array.) 

ANTENNA, V. A V-shaped arrangement of 
conductors, balanced-fed at the apex, and 
with included angle, length, and elevation pro- 
portioned to give the desired directivity. 

ANTENNA, WAVE (BEVERAGE AN- 
TENNA). A directional antenna (see an- 
tenna, directional) composed of a system of 
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parallel, horizontal conductors from one-half 
to several wavelengths long, and terminated 
to ground at the far end in its characteristic 
impedance. 

ANTENNA, YAGI. An array with one or 
more parasitic elements (see antenna, para- 
sitic) in addition to the driven element or 
elements. The parasitic element ‘Vaptures” 
energy from the field produced by the driven 
antenna and reradiates it in a phase (ndative 
to the phase of the radiation from the driven 
unit) that is a function of both the spacing 
of the elements and the length of the parasitic 
element. If fhc resultant radiation ])attern 
has its maximum in the direction of the driven 
element, the parasitic clement is called a re- 
flector, whereas il the maximum radiation is 
in the direction of the parasitic antenna, it is 
called a director. 

ANTI-. A pndix used before the name of an 
elementary particle to indicate another ]iar- 
ticle with (‘ertain synimcdry eliaractoristics. 
(See antineulrino; antiproton; antiparticle; 
etc.) 

ANTIBONDTNG ORBITAL. A molecular 
orbital wliose energy increases as the two 
atoms are brought eloper together, so that it 
corresponds to a net lejiulsion — in contradis- 
tinction to a bonding orbital wliich has a 
minimum energy near the apiiropnato inter- 
atomic distance, and gives rise to a valence 
bond. 

ANTICAPACITANCE SWITCH. A sw^itch 
designed to present the smallest practical 
series capacitance when in its open position 

ANTICATHODE. In an x-ray tube, the tar- 
get on which the electron beam is focused and 
from which tli(‘ x-rays are radiated. 

ANTICOINCIDENCE. See coincidence, 
anti-. 

ANTICOINCIDENCE CIRCUIT. A circuit 
with two input terminals wdiich delivers an 
output pulse if one input terminal receives a 
pulse, but delivers no outynit pulse if pulses 
are received by lioth in])ut terminals simul- 
taneously or within an assignable time in- 
terval. (Sec resolving time; coincidence.) 

ANTICOINCIDENCE COUNTER. An ar- 
rangement of counters and associated circuits 


which will record a count if and only if an 
ionizing particle passes through certain of 
the counters but not through the others. 

ANTICOMMUTATOR OF TWO OPERA- 
TORS. li Ay B are tw’o operators their anti- 
commutator is [Ay B)^ = AB -t- BA. 

ANTICYCLONE. A large atmospheric eddy, 
whose liorizoiital dimensions vary from a 
fevv hundred miles to several thousand miles. 
It rotate^ in a (dockwise manner in the north- 
ern heniisiiherc and a counterclockwise man- 
ner m the southern hemisphere wdien view'Ofl 
from above. The barometric jiressure within 
an anticyclone is high relative to its surround- 
ings, and a jnessure gradient exists from its 
center toward its iieriphery. A well-devel- 
oped anticycloiH* i'? c‘ssentially an air mass. 

ANTICYCLOGENESIS. The process which 
cn'atos or develops a iicw^ anticyclone. The 
woid is a|)i)h(*(l also to the process which pro- 
duces an intensification of a pre-exi&ting anti- 
cyclone 

ANTICYCLOTRON. A form of traveling- 
wave tube. 

ANTIFERROMAGNETIC EXCHANGE IN- 
TEGRAL. In tlie Heisenberg theory of fer- 
romagnetism, the interaction between the 
s])ins of el(M*t rolls on neighboring atemis de- 
})('nds on the sign of the exchange integral. 
Under ceitai’i eirenmstanees, this integral 
may have a sign which favors an aiitiparallel 
arrann'inent of the syiins. This is interpreted 
as leading to the phenomena of antiferromag- 
netism. 

ANTIFERROMAGNETISM. The observed 
susceptibility curves of err tain substances 
suggest that the system has gone into a state 
analogous to the ferromagnetic stale, but 
with neighboring spins antiparallel, instead of 
parallel. That is, such substances exhibit a 
jiarainagnetism (low positive susceptibility) 
that vaiic'^ with temjierature in a manner 
similar to ferromagnetism, exhibiting a Curie 
point. Their resulting supcrlattices have 
been observed by neutron diffraction. The 
interaction giving preference to the antiparal- 
lel arrangement is believed to be an exchange 
force, similar to that invoked in the Heisen- 
berg theory of ferromagnetism, but opposite 
in sign. Evidence from face-centered crystals 
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has suggchtcd the inipoilance of super- 
exchange between ncxt-nc\irc.st neighbors, 
through the anions. 



AutiloiromjijiiH'lir stih' sjun btriutiiM* of m*inRanob(* 
o\j(lc' cii> (l( terniinod In Shiill, Sli oisor and Wollan 

ANTIHALATION BACKING. In the re- 

coriiiTig of .speed 111 by the photograjiliic meth- 
od, there is a tcudeiicv for lines to be broad- 
ened by light jiashino tliroiigh the jiliotographic 
jilale and then being reflected back to the 
emuJbion. Thi.s bioadc'nmg of lines is called 
halation. It may b(‘ largely o\erconie by 
coaling tlu' back of the jilate ^^ilh a non-re- 
flecling coaling. Keane spectrogi’ajihic plates 
now have a colored layer betvi en the emul- 
sion and the glass for the ]nirj')ose of absorb- 
ing this undesircd light. 

ANTIHUNT TIIANSFORMER. A trans- 
former used in d-c feedback sy.stems as a 
staliilizing network. In general practice the 
primary of this transformer is in scries with 
the load connected to the system. The sec- 
ondary ot the transformer has a voltage which 
is proportional to the derivative of tlie pri- 
mar\" current, and is thus an appropriate sig- 
nal to he fed bark into ‘=?omc otlicr part of the 
loop to ])revent self-oscillations. 

ANTIIIUNTING CIRCUl 1. A stabilizing or 
equalizing circuit used in a closed-loop feed- 
back system to miioTy the response of the sys- 
tem in order that self-oscillations may be pre- 
vented. 


ANTIMONY. Metallic element. Symbol Sb 
Atomic number 51. 

ANTIMONY ELECTRODE. See electrode, 
antimony. 

ANTINEUTRINO. (1) In the most frequent 
usage, a particle whose emission is postulated 
to accompany radioactive (l(‘cay by positron 
emission or electron capture. Tlie anlint'u- 
trino may be looked upon as a hole in tlie 
iK'gative-energy Dirac sea of neutrinos. Since 
there is no possibility of charge differentiation 
between tin* anliiioiitrino and the neutrino, 
differential ion between tliesi' two particles ean 
be made only on tlie basis of such jiroperties 
as the sign of the ratio of magnetic moment 
to angular momentum. Neither tlie neutrino 
nor the antineiitrino has been detected. 

(21 In a less common usage the terms neu- 
trino and antmeiitnno are usc'd in reverse 
sense to that stated ab(»V(', le, the maitrino 
is said to aecomjiany positron emission and 
the anfineutrino, eh'ctron omission. 

ANTINODES (LOOPS). The poinls, lines, 
or surfaces m a standing wave (see wave, 
standing) system wheie sonic eharaetcristic 
ol the \vn\r field lias maMiimm amiditudo 
The appropiiale TiuidifKT should Ix' used with 
the word “antinodi*’' to signify the type that 
is intended (pressure an! inode, velocity anti- 
node, etc). (See also loop.) 

ANTINOISE MICROPHONE. See micro- 
phone, antinoise. 

ANTIPARALLEL. Having opjiosite senses, 
as two vectors w'hich are parallel, but which 
are jilacod head (o tail. 

ANTIPARTICLE. One intcrjjrctation of the 
Dirac electron theory as applied to any ferm- 
ion is that ther(‘ exisls a negative energy sea 
of .sucli fermions. A hole in thi.s distribution 
of negative energy j)arlicles is the correspond- 
ing antiparticle. The antipartiele has a 
charge C(]ual and opposite to that of the cor- 
responding particle and its magnetic moment 
is oppositely directed w^ith resiiect to its spin, 
com])ared with llieir mutual orientation in the 
particle. A particle and its antiparticle ap- 
pear simultaneously in pair production, or 
disappear simultaneously in the production 
of annihilation radiation. (See positron the- 
ory; Majorana particle; antiproton.) 
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ANTI-PLUGGING RELAY. A relay used in 
some control systems to prevent plugging. 

ANTIPROTON. An elementary particle 
having a mass essentially equal to that of 
the proton, differing from the proton in the 
sign of its charge, which is negative. Its de- 
tection was announced by the University of 
California and the U.S. Atomic Energy Com- 
mission. Protons which had been accelerated 
to an energy of 6,200 mev in the bevatron, the 
proton synchrotron of the University of Cali- 
fornia Radiation Laboratory at Berkeley, 
were allowed to collide with a copper target. 
Negatively-charged particles coming out in a 
forward direction from this collision were se- 
lected and separated in momentum by a fo- 
cusing and analyzing magnet system to ])ro- 
vidc a beam of negative particles (ff known 
momentuin. Aftc'r a time of flight of about 
onc-t('Tith of a microsecond, this beam ma}^ be 
expected to ccaisist mainly of negative pi- and 
inii-inosons, with some negative A- mesons 
(mass about 9()5 eh'ctron masses) and pos- 
siidy negative ])r()tons. These ])articles were 
then distinguislied both by measurement of 
their tiiuf* of flight from the target (since 
particles (ff diffenmt mass have different ve- 
locities for givi'ii momentum) and by means 
of a device measuring the velocily of each 
particle passing through by the angle of its 
Cerenkov radiation. In this way the iwesence 
of negative' particles with protonic mass (with- 
in about ten per cent) and distinct from the 
known A'-partielcs and hyperons was estab- 
lished. Their rate of jiroduetion for the mo- 
mentum and direction of this experiment was 
about one negative proton for every 5(),0(X) 
negative y)i-m(‘S()ns wifli the same momentum 
and direction. (Cf. anti- and antiparticle.) 

ANTIREGENERATIVE DEVICES. Svo, 
neutralization; equalizer. 

ANTIRESONANCE (PARALLEI. IMPE- 
DANCE). In general, a coiiditiim of maxi- 
mum impedance, as results when two or more 
impedors are connected in parallel, under such 
conditions that (for resistanceless impedi)r,s), 
Z approaches infinity when = 1/LC. The 
term antiresonance is commonly used with 
suitable modifiers. (See antiresonance, dis- 
placement and antiresonance, velocity.) 

ANTIRESONANCE, DISPLACEMENT. 

Displacement antiresonance exists between a 
body, or system, and an applied sinusoidal 


force if any small change m the frequency of 
the applied force causes an increase in tlie 
amplitude of displacement at the driving 
point. 

ANTIRESONANCE, VELOCITY. Velocity 
antircsonance exists between a body, or sys- 
tem, and an applied sinusoidal force if any 
small change in the frequency of the applied 
force causes an increase in velocity at the 
driving point, or if fhe frequency of an ap- 
plied force is such tliat the absolute value of 
th(» (Iriving-T)oint imyunlancc (see impedance, 
driving point) is a maxi mum. 

ANTIRESONANT FREQUENCY. Ihat fre- 
(jnency at wliich llu‘ impedance of a given 
system (electrical, acoustical, dvnamieal) is 
very high in contradistinction to ils reso- 
nant frectuency at w Inch its imyn'danc'e i^^ very 
low. The eommonly-used unit i< tlie cycle 
y)er second In cas('s where there is a possi- 
bility of confusion it is necessar>^ to specify 
the type of antiresonant frcciueriey, e.g., dis- 
pIae('mont antiresonant frequency or velocity 
antin sonant frcMpiency. (Si‘e antiresonance, 
displacement, and antircsonance, velocity.) 

ANTI-SIDE-TONE. In the older types of 
telephone subscribers’ sub-set the sound going 
into the transmitter {mouthpiece) can be 
li(‘ard in the receiver, dliis is known as side- 
tone and has some object ionablc filatures. It 
enu'^es the speaker unconsciously to lower the 
voice and thus reduces the energy transmitted, 
and it also increases the effect of any local 
noi•^e hy camdng it to apjiear in the receiver. 
Jt is thus dc'>irable to eliminate or at least 
»*ediice the side-tone and sfKrial circuits and 
ecpupinent have been devised. These sub-sets 
arc known as anti-sidc-tone sets. 

ANTISTOKES LINES. When all the mole- 
cules are in the nonual state, the only possible 
transitions caused by exciting radiation are 
those in vhieh the scattered or fluorescent 
light is of the same or lower frequency than 
the incident light (Stokes Lines). However 
if some of the atoms or molecules are in states 
other than normal, lines of frequencies higher 
than that of the incident light (Antistokes 
Lines) may result. (See Raman effect.) 

ANTISYMMETRIC. (1) A function which 
is transformed into its negative when the vari- 
ables of the function are interchanged in pairs. 
(2) The term is also applied to any physical 
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system in which each point has properties 
op])osite to tho>sc of a point symmetrically 
located witli respect to it, e.g., an electric 
dipole is aiitis^^niinetric in its charge distri- 
hutiun. (See symmetric.) 

ANTITRADE WINDS. Above the northeast 
and soutlieasl trade winds there frequently is 
present westerly winds known as tlie anti- 
trades. Reversal of dir(‘ction occurs as low 
as a few thousand feet or as high as 3—1 miles. 

ANTI-TRANSMIT-RECEIVE SWITCH. See 
traiismit-receive switch, duploxer. 

ANTONOFF RULE. The tension at tlie in- 
terface between two satuvaic'd licpiid layers 
wliicli are in equilibrium i^ equal to tlu* difTer- 
enoe Ix'tween tlie individual surface tensions 
against air or va])nr of tlu' two saturat(‘d so- 
lutions. This rule is approximate only and 
a niimlxT of exceptions are known. 

ANVIL. "J'he charaet eristic fibrous, spread- 
ing top of a cumulonimbus eloud in full de- 
velopment. 

APERTOMETER. A dev ice (h'signed by 
Abbe for meaMiring the numerical aficrture 
(see aperture, numerical) of microscope ob- 
jectives. 

APERTURE. Qualilati\'(‘]y, any opening 
through which radiation or particle fluxes may 
])a^s. Tn o]ilical and (‘U‘ctron-optical instru- 
ments, the term ajieiture has acijuired sp(‘cific 
or quantitative meanings given lielow. 

APERTURE ANGLE. Tho angle Mihtendod 
by th(‘ radius of the entrance luipil of an op- 
tical instrument at an axial object point. 

APERTURE COMPENSATION. The reduc- 
tion of aperture distortion liy boosting the 
high frequency gain of the television camera 
video amplifier. 

APERTURE DISTORTION. Distortion of a 
television signal due to the size of the electron 
scanning beam. Tlie result is a loss of detail 
or resolution. 

APERTURE ILLUMINATION. The field 
di^tril)ution in amplitude l^d phase over the 
aperture. 

APERTURE LENS. See lenses, apertures as 
electric. 


APERTURE MASK. A perforated plate 
placed in a color-television tube between the 
focusing and accelerating electrodes, and the 
tri-color phosphor screen. 

APERTURE, NUMERICAL. Abbe named 
the quantity rt sin u the numerical aperture 
(N.A.) of a lens, n is the angular radius of 
the lens as seen from a point on the optical 
axis at the object, and v is the index of re- 
fraction of the medium between the object 
and the lens. 

APERTURE OF A LENS. The diameter of 
the lens. (See aperture, relative, and aper- 
ture, numerical.) 

APERTURE OF A UNIDIRECTIONAL AN- 
TENNA. ''fhat iiortion of a plane biirface 
near tlu* antenna, periiendiciilar to the direc- 
tion of maximum radiation, Ihrough which 
the major i)art of the radiation pas^^es. 

APERTURE, RELATIVE (OR F-NUMBER). 
The ratio of the focal length of an optical 
system io ihe diameter of the entrance pupil. 

APERTURE STOP. That opening in an op- 
tical system, frecpiently one of the lenses it- 
self, whicl) hnpts the size of the bundle of 
lays which can i)ass from a point on the ob- 
ject to the corresponding point of Ihe image 
The aperture' slof) of a syste'iu may be a dif- 
ferent opening for olqccls at different dis- 
tances from the system. 

APERTURE, TELEVISION. In transmit- 
ting the television image it is necessary to 
hr(‘ak it down into elements of very small 
area. In early mechanical scanning methods 
tills was done by “observing’^ the image 
through an opening or aperture wdiich scanned 
the scene. In modern ecjuipinent tlie scanning 
is no lonaer done mechanically but the term 
aperture is used to denote' the size of one of 
the elements into which the picture is broken 
for transmission. 

APEX. The tip, point, or summit of a curve 
or surface. (See vertex.) 

APLANAT, TRIPLE. A compound lens 
made of twm negative lenses of flint glass, 
betw^een which is cemented a double-convex 
lens of crown glass. 

APLANATIC LENS SYSTEM. A system 
wdiich satisfies the equation, ny sin u = nV 
sin u' = constant. Unprimed letters refer to 
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object space, primed to image space, n, n' 
are indices of refraction, ?/, y' are distances 
of a point object and its point image from the 
optical axis; and u, u' are angles made by a 
ray with the optical axis This equation is 
known as Abbess sine condition. 

APLANATIC POINTS. Ts\o points on the 
axis of an optical system which ha\(* the piop- 
erty that rays pi acceding fioin oni^ of them 
shall all converge to, or aiijiear to diverge 
from, the other The two foci of an elli[isoid 
of Te^olutlon are aplanatic points 

APLANATIC SURFACE. An oplical suifacc 
for whicli (wo aplanatic points exist 

APOCHROMATIC SYSTEM. A system 
which is aplanatic and achromatic for two oi 
moie ( olors, ami is fiee fiom scoondaiy ‘^pfc- 
tinm 

APOSTILB. A unit of luminance, coual to 
10,000 lambert. 

APPARENT CANDLE POWER. A measiiie 
of th(^ equivalent luminous intensity of an 
extended source at a spccilud distance in 
teims of a point source wliicli would ])roduce 
tlic same' ilium ination at tlu same distance 

\PPARENT MOLAR QUANTITY. For a 

solution containing moles (^f solvent ami rij 
molej? of solute, an aiiiuuent molar quantity 
IS defined as 

A" 

where X is the value of the quantity for the 
whole solution and Xi the molar (piantitv for 
the pure solvent, e g , the apparent molar vol- 
ume of the solute is 

V ~ 

712 

V being the total volume and the volume per 
mole of the solvent. 

APPEARANCE POTENTIAL (MASS SPEC- 
TROMETER). The minimum energy that 
the electron beam in tlie ion souice must have 
in order to produce ions of a particulai species 
when a molecule is ionized 

APPLEGATE DIAGRAM. A graphical ex- 
planation of the process of bunching in veloc- 
ity-modulation tubes. The example below is 
for the two-cavity klystron. In this diagram 


the positions of electrons that pass through 
the output gap at vaiious instants in the cycle 
of bunchcr voltage ^hown as a function of 
time The slope of anv^ curve is equal to the 
v’^eloeitv’^ with v\hich the coi rc‘?ponding elec- 
tron leaves the input gap. 



(liipcjiii) (lU |)( iniissnm fioin ‘Mi(rowa\o 
lluoiv uid 7 ( ( lijjuiLK s Ktidi (I il C'oiwjitfht 
175^ T) V in \f>si! ind ( o Jne ) 


(lose spacing oi the vilocity hues indicates 
that many (hftions ])ass a given point m a 
shoit tim(‘ mtcival, that is, tliat the electrons 
pass in bundle'^ 

APPLETON LAYER. The lonospheiic 
and Fj layers. 

APPLICATOR ( APPLICATOR ELEC- 
TRODES). Jn (lielectnc lualing linage, ap- 
p?o])lla^ely-‘^hapcd conducting surfaces be- 
tween whidi IS (slablisiied an alternating dec- 
tne field ioi the jiujposL of prodiiimg dielec- 
tric heating. 

APPLIED SHOCK. Any excitation wdiicli, 
it api)lied to a s\stcm would prcjduce shock 
motion wit Inn the hVslem 

APPROXIMATION, CLASSICAL. Poe 
Went/el-Kramer-Brillouin approximation. 

APPROXIMATE IN THE MEAN. A func- 
tion /(r) is appi oxiinatecl in the mean by the 
sum 

53 if I (/ — ^a^v,)^wdx = 0 

I-*] n-»w J 

where V’ is the appropriate weighting func- 
tion. 



Aquadag Coating — Area 


56 


AQUADAG COATING. A coating of ii trade- 
iiam(‘d preparation of grapliit^" ap[)liod to the 
in^’ides of some tubes (particularly catliodc- 
rayl to s(’rv(‘ (1) as a sink lor secondary- elec- 
Irons, (2) as a post-dcdcction acceleration 
anode. 

ARAGO SPOT. A ])rig]it point which, owing 
to dilFraction, appears at the cc^nter of the 
shadow (d a circular object in light from a 

point source. 

ARC. A low-voltagc, high-current electrical 
djscharg(‘, as contrasted with a sj^ark. 

ARC BACK (BACKFIRE). This is the oc- 
cnrrc'uce of an arc from anode to cathode in 
a gaseous rectifier tube. Normally such a 
tube has electrons flowing from the cathoefe 
to the anode but. unrlcr certain conditions ex- 
c(‘ssive heating of the anode, excessive voltagi' 
across (lie tub(', or otlier clTects may cause the 
anode to emit elec! runs and allow an arc dis- 
charg(‘ to take place in a dinadion opjiosite to 
Uic iioimal direction. Under many circuit 
coialilions thi> mav (U\stroy (lie lube or it 
may mcridy o[)on the proteetive devices. 

ARC BAFFLE. An obstruction jdaced in 
mercury-pool tubes fo jireveiii mercury fiom 
"plashing onto the anode Also called splash 
haflle. Arc baffles are illusiiatc'd in the fig- 
ures aec'oiiipariying the definitions of excitron 
and iguilroii. 

ARC CTIUTK. A re--lrictod passage' around a 
s(‘l of contacts AVlii'n tlie ('ontacts open the 
roMilting arc is torcer] into the chute by chim- 
iK'v action. Th(‘ arc-path i'^ leiigfhened and 
(haonization is accomplished in l(js.s time. 

ARC CONVERTER. A form of oscillator 
utilizing an (dectiie arc as tlie genc'rator of 
alternating or ])ulsjiting current. 

ARC DISCHARGE. The electric arc, so 
called liecaust' of the shape of the '‘flame/' 
was discoveied by Davy about LSOS. It is a 
typ(‘ ol (lischaige between eleetrodes in a gas 
or vapor which is eliaiaeterized by a relativcl}^ 
low’ voltage (hop and a high current density. 
The two types which aie of considerable [irac- 
iical imporlanee are the arc in open air and 
the arc in gases at low^ ])re‘ re. The familiar 
carbon-arc (see arc lamp) and the electric- 
arc fuiTiaco are ex*i nplos of fhe former. The 
mercury-arc lube U the most important ex- 
ample of ar arc in a gas at low pressure. 


Here the gas is the mercury vapor, the cath- 
ode is the mercury pool, and the anode is 
usually carbon. The discharge in thyratrons 
and other gas-filled hot cathode tubes is often 
called an artificial arc discharge since it is 
characterized by low voltage and high current 
density. It is not a true arc, howTVor, since 
the cathode heat energy is supplied by an ex- 
ternal source and not by the discharge itself. 

ARC, KEEP-ALIVE. In mercury-pool tubes, 
a current between the catliode and an auxil- 
iary or excitation anode. Sufficient current is 
drawn by this anode to maintain a cathode 
spot until such lime as conrluction to the main 
anode is desired. (S('e ignitron; excitron.) 

ARC LAMP. The clecorie-are lainj) has, as its 



source of illumination, an electric arc struck 
bedwoen tw^o electrodes. In contrast to ilj,e 
incandescent lamp, in whudi (he illumination 
results from a heated lilanu'nt, and vapor 
lamps, in whi(‘li the ilhumnation is (hu'ived 
from a \apor made luimuoiis bv electric cur- 
nmt, the light from an are lain]) comes I’loni 
tlie highly incandc'seent crater of the positive 
electrode, and from the heated, luminous, 
j()niz(*d gas(\s surrounding the are. 

ARC, MERCURY. An electric arc that 
passes through mercury vapor. 

ARC-THROUGH. Anode ooiiduetion in a gas 
tube in the normal or forward direction, but 
at a time when it should not be conducting. 

ARCHIMEDES PRINCIPLE. A body im- 
mersed in a fluid is acted on by a buoyancy 
force, made evidemt by a loss of w’eight, equal 
to the wa'iglit of disi)laced fluid. 

ARCTIC SMOKE. A form of fog caused by 
rapid evaporation from the surface of warmer 
wuiter when very cold, dry air streams across 
it. 

AREA. (1) If a parallelogram has sides de- 
noted by the vectors A and B, its area is given 
by the vector product, C — A X B, which is 
perpendicular to the plane determined by A 
and B. The scalar magnitude of C equals 
that of the area and the direction of C is 
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arbitrarily taken as the direction of the out- 
ward normal to the surface. (2) In calcu- 
lus, the area of a surface may be found by 
integration. If y = j{x) describes a curve, 
the area bounded by the curve, the X-axis, 
and the ordinates (ah) is 


f Kx)dx. 

V a 


A double integTal may also be used, for an 
infinitesimal surface element in the XOY~ 
plane is dxdij and the area over a region S is 


For a curved surface desciibed hy z — f{x,y) 
the area is 




(See also integral, surface.) 

AREAL DENSITY. Surface density. 


AREOMETRIC METHOD. The im thod of 
determining the specific gravity of a lujuid 
hy measuring llie loss of weight of a solid ol 
known ma^^ suspended in the iKpiid If th(‘ 
M)lum(’ (d the solid can he ddenmned by 
mcasun meiit, the density of the liquid may 
be determined 


ARG\ND DIAGRAM. A graiihual mefhod 
of lepiesentmg a fiinetion of a complex vari- 
able, z = X n/ There arc two peipendicu- 
lar axes, the real pait of the function being 
plotted on tlie real axis, usually the horizontal 
one, and tlie imaginary part on the imaginary 
or vertical axis Foints ])loHed on tlie dia- 
gram for various values of the number }iair 
(.T,7/) can then be joined to give a curve for 
the function in the eom])lex plam*. 


ARGON. Oaseou > element Symbol A 
Atomic number 18. 


ARGUMENT. (1) The independent vaiiable 
.r for a function /(.r) and alst) the values of 
the independent variable in a riumcrieal table, 
such as the angles in a table of trigonometric 
functions or the numbers in a table of loga- 
rithms. (2) See amplitude. 

ARITHMETIC PROGRESSION. A sequence 
of the form a, a + d, a + 2d, a + 3d, • • • 
where a is the first term and d is the constant 


difference betw^een any tw^o successive tenns. 
For its sum see scries, arithmetic. 

ARM. See branch. 

ARMATURE. (1) One of the essential parts 
of the dynamo electric machine. In a gen- 
erator, the armature is the winding in wliieh 
electromotive force i^ induced In the motor 
armature, conductors carry the input current 
wdiich, in the piesenee of a magnetic field, 
produces a torque ami effects tlie tran^fonna- 
tion of (‘leetneal into meeliamcal energy. In 
d-c maeliines it is the rotor, hut the a-e arma- 
ture may he lotor or stator Larger size syn- 
chronous machines always have stationary 
armatures The reluctance of thr magnetic 
circuit t(» the flux wlu(‘h nnist link th(‘ con- 
ductors of tlie ai mature in onler to generate 
electric energy, is decreased bv' ])roviding a 
core of «oft iron or steel, on the ‘-urfaee of 
wdiieh the conduetoi-^ are eml)ed<hd in sloi^ 
suitably piovided m the core. The ai mature 
winding‘s of a d-c generator aic tenmnated 
at the segments of a commutator, bv meaii*^ 
of which the alti'niatiiig e m f.‘s induced in 
tlie armature ai(‘ n'ltified and transf(aT(*d by 
brushes from the moviiiG: lotor to stationary 
lerimnaK Tlu' conduct ors must be ‘-epa- 
iat(‘ly insulated, as must bo also tlie commu- 
tator segments, and must be w’ell braced and 
aiuhoier] in lluir sloi^ to lesist thn clcctro- 
magneiie and mrchariKail foiecs v Inch tend 
to displace them (2) The moving element 
of a magni'tieally actuated relay, 

ARMATURE REACTION. Tins term refers 
to tlie reaction of the luagnelie field jiroducpd 
by the (iirnait flowing in the armature con- 
ductors upon the main magnetic field of a 
dynamo machme. I'lie result is a distoition 
of the magnetic field, the extimt depending 
upon the reluctance of the magnetic circuit, 
the arrangement of the armature windings, the 
type field structure, and the phase antdc be- 
tw’cen the aniiature \oltage anrl eurnait In 
d-e machines the effect is to increase th(* flux 
at some pole tips and decrease it at others, 
wdnie m a-c machine^ the effect dejicnds upon 
the field structure and the phase angle of the 
armature current and voltage The flux may 
be distorted as in the d-e machine, it may be 
changed in magnitude but undistorted in wa\e 
form or it may be cliangcd in magnitude and 
shifted in position with resiiect to tlie field 
windings. Armature reaction is an important 
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factor in the speed and voltage regulation of 
the machines. 

ARMSTRONG OSCILLATOR. A tuned- 
plate, tuned-giid oscillator due to E II. Arm- 
st rong. 

ARRANGEMENT. Se e permutation. 

ARRAY. (]) A coll(‘ction of numbers or 
functiuiib OT derod into some so]*t of lable (see 

determinant and matrix). (2) See antenna, 
array. 

ARRAY, CURVED. See source, curved line, 
and source, curved surface. 

ARRAY, LINEAR. S('e source, straight line. 

ARREST POINT. A ((‘inperatiire a( which a 
system of more than one component that is 
undergoing heating or cciolinc: absorbs or yields 
heat wilhout change in iernfieratuio, thus in- 
teriujiting the lieating or <‘ooling iiroecss 

ARRESTER. A piot(‘ctivc deviee used to by- 
pass to ground d(‘stnictivo lightning dis- 
charges 

ARITHMETIC ELEMENT. Tliat part of a 
computer which jierforins aiithmetic opera- 
tions 

ARRHENIUS GUZMAN EQUATION. A re- 
lation iH'tvveen the Mscosity r/, and tem])cra- 
ture 7\ at constant pressure, 

B 

77 = A exp - 
NT 

\\li(‘ie A, B are constants. B may be identi- 
fi(‘d v^ith the activation energy for liquid 
flow. 

ARRHENIUS THEORY OF ELECTRO- 
LYTIC DISSOCIATION. Tlie theory pro- 
posed by Arrhenius, which stales that when 
an electrolyte (an acid, base, or salt) is dis- 
solved in water, a substantial portion of its 
molecules dissociate spontaneously into posi- 
tive and negative ions, wdiich, upon the appli- 
cation ot an electrical potential difference to 
the solution, are attracted to the electrode of 
opposite sign and discha^.:e, thus conducting 
current through the solutn ii. This dissocia- 
tion increases tin number of particles in the 
.solution, and thus vhanges the osmotic pres- 
sure, elevathin of the boiling point, and de- 
pression ot he freezing point to an extent 


determined by the degree of dissociation and 
concentration of the electrolyte. The degree 
of dissociation increases with dilution, becom- 
ing complete at '"infinite dilution. Modem 
discoveries and interpretations have modi- 
fied considerably this view of electrolytic dis- 
sociation. (See theory of electrolytes for 
statement of current view^s.) 

ARRHENIUS VISCOSITY FORMULAE. 

(1 ) Effect of temperature on viscosity of a 
liquid 

(] In (vv"^)/(IT = 

where v is the siiocific volume, ki is the con- 
stant 

(2) Viscosity of oloetroly to and non-olectro- 
lyto soil! I ions 

rj = 

w^hore s is the concentration, A is the eonstant. 

(3) Viscosity of a sol 

log - = 

where is the viscosity of the medium, C i.s 
(he intilocular concentration of the sol-forming 
material. 

ARRL. Abbreviation for Ameriean Radio 
Relay League. 

ARSENIC. Element. Symbol As. Atomic 
number 33. 

ARTICULATION (PERCENT ARTICULA- 
TION; AND INTELLIGIBILITY (PER- 
CENT INTELLIGIBILITY). Of a commu- 
nication system, the' percentage of the speech 
units spoken by a talker or talkers that is 
understood eorreetly by a listener or listcners. 
The word '‘articulation^^ is customarily used 
when the contextual relations among the units 
of the speech material arc thought to play an 
unimportant role; the wmrd "intelligibility^' is 
customarily u.sed when the context is thought 
to play an important role in determining the 
listener's perception. It is import^ant to 
specify the type of speech material and the 
units into which it is analyzed for the pur- 
pose of computing the percentage. The units 
may be fundamental speech sounds, syllables, 
words, sentences, etc. The percent articula- 
tion or percent intelligibility is a property 
of the entire communication system: talker, 
transmission equipment or medium, and 
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listener. Even when attention is focused upon 
one component of the system (o.p;., a talker, 
a radio receiver) , the other components of the 
system should be specified. 

ARTICULATION, CONSONANT (PER- 
CENT CONSONANT ARTICULATION). 

The percent articulation obtained when the 
speech units considered are consonants (usu- 
ally combined T\ith a vov^el into meaningless 
syllables) . 

ARTICULATION, SOUND (PERCENT 
SOUND ARTICULATION). The percent 
articulation obtained ^^hen the speech units 
considered are fundamental sounds (usually 
combined into meaningless syllables) 

ARTICULATION, SYLIABLE (PERCENT 
SYLLABLE ARTICULATION). The per- 
cent articulation obtained wlum the speech 
units con‘>'idt'red are svHaliles (u^^ually iiK'an- 
ingle^s and nsiuilly of the eonsonant-vovvel- 
eonsonanl tyjie). 

ARTICULATION, VOWEL (PERCENT 
VOWEL ARTICULATION). Jdie ])ereent 
articulation obtaiiu'd wlu'ii the '>pc('eh units 
eonsidcred are ^o\^els (usually coinlnned 
\Mth eonsoiviMts into nu'aningles^ syllables). 

ARTIFICIAL ANTENNA. A dummy an- 
tt'una. (See antenna, dummy.) 

ARTIFICIAL EAR. A de\iee loi the uieas- 
uiaanent ol (*ar[)hones which presents an 
acoustic impedance (mh- impedance, acous- 
tic) to the eai phone e(iui\alent to tlie im- 
pedance presented by the average human ear. 
It is eqiiifiped with a micro] )hone lor measure- 
ment of the sound iire^sures develojicd hy Ww 
ear})hone. 

ARTIFICIAL LARYNX. A reed actuated by 
the air from an opening in front of the throat, 
through wliich breathing takes jilace. The de- 
vice assists the speech of a person on whom a 
tracheotomy has been performed 

ARTIFICIAL LINE. A network which 
simulates the electrical characteristic of a 
transmission line. 

ARTIFICIAL LOAD. A dissipative but es- 
sentially nonradiating device having the im- 
pedance characteristics of an antenna, trans- 
mission line, or other practical utilization 
circuit. 


ARTIFICIAL RADIOACTIVITY. (1) In- 
duced radioactivity. (2) Radioactivity in- 
duced under controlled conditions. 

ARTIFICIAL VOICE. A small loudspeaker 

mounted in a shaped baffle which is propor- 
tioned to simulate the acoustical constants of 
the human head. The artificial voice is used 
for calibrating and testing close-talking mi- 
crophones. (Sec microphone, close-talking.) 

ASA. Abbreviation tor American Standards 
Association. 

ASPECT RATIO. In tekwision, the ratio of 
the frame width to the frame luiglit. 

ASPHERIC SURFACE. A surface of a lens 
nl* mirror which has beiMi (“hanged slightly 
from a s])h(Tical suiface as an aid in reducing 
aberrations. Paiabolic mirrors foi telescopes 
and Schmidt corrector plates are common as- 
pheric surfaces. 

ASSEMBI.Y. A coll(M“tion of systems eacli 
consisting of tlie same number of ])articlos 
(i e , molecules, atoms, etc ), each System in 
a (‘ontainer of the same shaoe, each system 
having the saiia* total energy, hut wdthout 
an> oUkt restriction on the coordinates and 
mouK'nia 

ASSEMBLY, COOPERATIVE. An assembly 
in ^tatiMical meelianics in whi(“h the inter- 
actions b(*(ween the svstems coni])osing the 
a^s(‘iii])]y are not negligible'. The state of a 
given system is largely (k'termincd by the 
states of the neighboring tsysiems. 

ASSEMBI.Y, IDEAL. An assembly in statis- 
tic'il iiK'chanirs in whicli tlie interactions be- 
(w*een the syst(‘ms coiniKising the assembly 
can be neglected, such as a jicrfect gas or an 
ideal solution 

ASSEMBLY, MICROCANONICAL. An as- 

sem))ly in statistical mechanics in wdiich the 
variation in energy (or other independent 
varifible) of all tlie systems lies wuthin an 
mfinit(‘simal range Over this range, the as- 
sembly is in statistical equilibrium. 

ASSOCIATE. See matrix, associate. 

ASSOCIATED CORPUSCULAR EMISSION. 

(Expression used in definition of roentgen.) 
The full complement of secondaiw charged 
particles (usually limited to electrons) asso- 
ciated with an x-ray or yray beam in its pas- 
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SHge through air. The full complement of 
electrons is oblain(*d after tl*e radiation has 
traversed sufficient air to bring about equilib- 
rium btdween tiu‘ f)riniary ])]iotons and sec- 
ondary electrons. Electronic equilibrium with 
the socondaiy photons is intcmfionally ex- 
cluded. 

ASSOCIATIVE LAW. Addition and multi- 
plication proc(^s^c^ obey this law if the fol- 
lo^^ing nT'itions hold: 

a 'h (I) -f- e) = {a + ?>) + c; 

(((l))c = a (hr) = abc. 

ASTABLE (OR FREE-IUJNNINC). Refer- 
ring lo a circuit ^\hich has (uo quasi-stable 
.stales. No trigger is recpiin'd; a continuous 
^A'a^eforIn is g(‘neral('d. 

ASTATIC. (1) A\’ilhout orientation or di- 
re(‘liorial characleri>[ics. (2t A trade name. 

ASTATINE. Rarlioactive (‘lenient. Symb(d 
At. Atomic number 85, 

ASTERISM. Out' of tlu‘ ellaract(Ti‘^lic eff(‘cts 
.'■omeliiiies obsi'rvi'd in x-ray spectrograms. It 
lias, rouglily, Ihe shape of a star, and com- 
monly indicates the ju’es(‘nec of internal stress 
ill the nuiUaaal mider investigation. 

ASTON DARK SPACE. In a glow-discluirge 
device, a iiarrciu dark rc'gbai immediately ad- 
joining tli(‘ eatliode. 

ASTON WHOLE NUMBER RULE. The 

atomic weights of isotopes are (very nearly) 
u hoh’ niiiiiher.^ when (\\i)i-ess(>d in atomic 
weight units, and the d(‘viali()ns from the 
whole nmnber^ of the atomic weights of the 
eleriUMits are due to tlui presi'iiee of several 
i<^ot(»pps with different weights. 

ASTIGMATIC DIFFERENCE. The dis- 
tance betweim tlie iirimary and secondary fo- 
cus of an astigmatic optical systcuri. (See as- 
tigmatic focus.) 

ASTIGMATIC FOCUS. In an astigmatic 
system some of tli(‘ bundh' of rays from an 
off-axis ])(dnt meet in a line i)(‘i'pendiciilar to 
a f llano containing tlie point and the optical 
axis. Some me(‘t in a line .< a greater image 
distance which line liexs in a (ilane containing 
the )joint and the optical axis. At all other 
image distances the bundle is an ellipse (or 
circle). The first line is called the primary or 


meridianal or tangential focus. The second 
line is called the secondary or sagittal focus. 

ASTIGMATIC PENCIL, A homocentric pen- 
cil of light after refraction at a large angle of 
incidence is generally no longer homocen- 
tric, but is astigmatic, since the projections 
of the refracted rays do not pass through a 
common point. 

ASTIGMATIC SPECTRAL LINE. The 

imago of tlie entrance slit at the primary fo- 
(‘us (see astigmatic focus) of an astigmatic 
grating. 

ASTIGMATISM. (1) A defect in a lens, in- 
eluding ihe lens of ihe (ye, in which there is a 
diffen'nce in the radius of curvature of the 
lens as observed in one* plane from that ob- 
scTved in another i>lane. (2) An aberration 
(d a lens with spherical surfaces sucli that the 
image of a point not lying on the optical axis 
is a pair of short lines nonruil to each other 
and at slightly different distances from tlu* 
lens. (3) In an electron-beam tube, a focus 
defect in wdneh the el(‘(‘tr()ns in differc'nt axiid 
planes come lo focus at different points, 

ASTRONOMICAL. UNIT. A unit of distaiu'c 
iu*inci])ally cjuployed in ex])rcssiiig distances 
within th(‘ solar system, but also used to 
som(‘ extent for measuring interslc’llar dis- 
taneexs. Technically d(‘fin(‘d, one astronomical 
unit is tlu' mean distance of (he earth from 
the sun. To cxpn'ss this in miles it become-. 
nee(\ssary to dol(‘rmine the distance of the 
earth from the sun in miles or in otlier words, 
to determine Ihe solar parallax. The value 
accepted at presemt for ih(‘ h'ngth of the astro- 
nomical unit is 02,897,000 miles (1*19,504,000 
kilometers). 

ASYMMETRIC. Not symmetric. The term 
is generally applied only to functions or sys- 
tems which arc neither symmetric nor anti- 
symmetric. 

ASYMMETRIC TOP. A model of a molecule 
which has no three-fold or higher-fold axis of 
symmetry, so that during rotation all three 
principal moments of inertia are in general 
different. Kxam])les are the w^atcr molecule 
and the ethylene molecule. 

ASYMMETRY, INTRAMOLECUI.AR. Lack 
of symmetry in the spatial arrangement of the 
atoms and radicals within the molecule, espe- 
cially of carbon compounds but also signifi- 
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cant with other elements. (See atoms, isom- 
erism.) 

ASYMMETRY POTENTIAL. The potential 
difference between Ihe outside and the inside 
surface of a hollow electrode (usually a glass 
electrode). 

ASYMPTOTE. A straiglit line related lo a 
curve in such a way that the distance be- 
tween them a])])roach(‘s zero as both aj)proach 
infinity. The iisyin])tote is the tangent of tlic 
curve at infinity. (See hyperbola.) 

ATMOLYSIS. The seiiaration of a mixture 
of gases by means of their relative diffiisibil- 
ity tlirou di a porous partition, as burned elav. 
The rates of diffusion are inversely pro})or- 
tional tcj the square root^ of the densities of 
the Lfa^e-^. Ifydrogen, tlnis, is the most dif- 
fusible gas. 

ATMOMETER. An instrument for measur- 
ing evaporation, gcauTally that of water into 
the atmosplieie. 

ATMOSPHERE. (1 ) A gaseous envelope 
surrounding a body, or a mass of g.as oeenpy- 
ing a region. (2) A staiulanl unit of presMiro 
tsee atmosphere, standard). (3) TIu' cluster 
ol impurity atoms tornied around a disloca- 
tion line, and responsibh' for Cottiell hard- 
ening. An atmo'-phere ean follow the motion 
oi th( dislocation only veiy shnvly, as in verv 
slow creep. 

ATMOSPHERE, CIRCULATION OF THE. 

When a\eraged over long periods of time, 
local and small-scale irregularities in the at- 
mosphere’s motions disa])j)ear and a general- 
ized pattern of winds is manifest ''rhere are 
five latitudinal belts in caeli hemisphere into 
wliich gcaieralized winds ean lie elassified: 

(!) The dfddrum bolt wdiieli extends 
rouglily from the equator to 10 or 15° north 
and south is a belt of light variable winds. 

(2) The trade wind belt extends from 10 
or 15° north and south to ap])roximately 30° 
north and south. Trade winds blow from the 
northeast to east-nortlaaist in the northern 
hemisphere and from ihe .southeast to easl- 
southeast in the southern hemisfiliere and are 
know'n respectively as the northeast trades 
and the southeast trades. 

(3) A nan-ow and drifting belt of light vari- 
able wdnds extends about the earth at ap- 
proximately 30° north and south. This belt 
is known as the horse latitudes. 


(4) Westerly winds wdth a slight compo- 
nent from the souili blow in a relatively wdde 
band from approximately 30° north and south 
to 60 or 70° north and soutli. They are 
known as ihe prevailing w’ostcrlies but in the 
southern hemisphere are more commonly 
know’ll as the roaring P\)i(ies because of their 
stronger and more sleady (‘haracter. 

(5) Th(' polar area wands tend to blow 
anticxclonically wiili an easterly component 
over each region. (See also Winds.) 

ATMOSPHERE, CONTROLLED. The use 

of a gas oth('r than air, such ;*s hydrogen, ni- 
trogen, carbon dioxide, eie., in .an aiiparatu*-’ 
or process wliicli woulfl react willi atmospheric 
o\ygcn. 

ATMOSPHERE, STANDARD. (D A unit 
of pressure, definfMl as the pres^m-e exerted 
by a i‘oIumn of incnMiry 760 mm high, having 
a (h'nsity of 13 5051 gm cm jind subject In 
gravitational attraction of OSD 665 dyiK' 
gm \ wliich is otjiial to 1 013250 x 16^' dyne 
cm* (2) In meteorology, an ahnospluM'e 
having a sea-level pn^ssiuv of 1 013250 < KV' 
dyne cm* - (1,013 25 millibar^); a sea-level 
t('m]>oraturc of 15 C; and a lapse-rale of 
6) 5°C up to 11 km. 

ATMOSPHERIC ACOlbSTTCS. 1 he study 
of sound propagation and aittnuation in the 
atmosphere, including such jiroblcms as souinl 
ranging and signaling, and aiirraft noise. 

ATMOSPHERIC DUCT. An atmospliorii 
la>(*r whicli conducts radio-fre(|ia ncy weaves 
in the same manner as a tine w*av(‘guid(' un- 
dc] certain (‘onditions of temperature and Im- 
midity. Attenuation at certain [n'ouencies 
is (piite low and Iran^mi'-’siDns may be re- 
ceived at ])oints far outside tlie u^ual recep- 
tion area. 

Atmospheric ducts are sometime^ referred 
to as gi'oiiiid -based ducts, since the atmos- 
phere forms one of tlie lioimdaiv surfaces and 
the earth’s surface the other boundary. The 
effects of atmospheric ducts are more pro- 
nounced in the microw'ave hand^, 3000 me and 
up, but they do exist at frequencies as low 
as 20 me. 

ATMOSPHERIC INSTABILITY. The con- 
dition in the atmosphere in wdiich vertical 
movement is prevalent. (Sec atmospheric 
stability, instability and equilibrium.) 
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ATMOSPHERIC INTERFERENCE 
(SPHERICS). The interference caused radio 
reception by natural electric disturbances in 
the atmosphere. 

ATMOSPHERIC INVERSION. The condi- 
tion in which Ihe ternj)erature of the atmos- 
phere inci eases with height, contrary to the 
usual state of afTairs. 

ATMOSPHERIC RADIO WAVE. A radio 
wave tfiat is pro])agatc(l by reflections in the 
atniospliere. It may include either or both 
of th(‘ coin[)onents, ionospheric wave and 
tropospheric wave. 

ATMOSPHERIC SOUND REFRACTION, 
CONVECTIVE. The 1 »eiidinc, of sound rays 
in ihe aimo^jihere due to a gradient in the 
wind velocity. 

ATMOSPHERIC SOUND REFRACTION, 
TEMPERATURE. The bending of sound 
rays in tin* alrnosjdu're due <o a t('mp(‘niture 
gradient (and hence a gradient in tlic sound 
velocity). 

ATMOSPHERIC STABILITY, INSTABIL- 
ITY, AND EQUILIBRIUM. p]verywhere 
that air is in motion some v(‘rtioaI p(‘rturba- 
tinns arc present. Isolated parc(‘K and eur- 
rents of air are thus start(‘d upward or down- 
ward in a layer of surrounding air. The ac- 
tion of tlie envitonnu'nt on the displaced par- 
cels is a measure of the stability or insi ability 
of Ihe air. If the parc('l is forced baek to its 
original posilion, ttie air is stable and does not 
favor vertieal motions; if the parcel is ae- 
cel('rat(‘d in it« vertical movement, then the 
air is unstable and favors vertical motions; 
if the par<‘el comes to rest at a new position, 
neither rising nor falling, then the air is in an 
equilibrium state. 

ATOM. The smallest partich' of an element 
wdiich can enter into cliemieal combination. 
All chemical compounds are formed of atoms, 
the dilTerenc(‘ between compounds being at- 
tributable to the nature, number, and arrange- 
ment of their constituent atoms. For current 
views of structure, see atomic structure, 

ATOM, BOHR SOMMERFELD. The Bohr 
theory of atomic spectra ^tulated an elec- 
tron moving about ^he nucleus of its atom in 
a limited num])ei *f circular orbits, with 
energy changes due lo abrupt transitions from 
one orbit to . other accounting for the emis- 


sion or absorption of radiation. To account 
for the fine structure of spectra, Sommerfeld 
also included elliptical orbits, with variations 
in tlic sliape of the ellipse, to be formulated in 
terms of two fjuantum numbers (azimuthal 
and radial). Moreover, the ellipse of the 
electronic ])athway “precesscs'^ or moves 
Ihrougli a series of positions. 

ATOM DISINTEGRATION. The emission 

by an atomic nucleus of a ])ariicle or particles, 
or larger fragments, and radiations, resulting 
in the formal ion of mwv atou-iic species, dififer- 
ing from the original in mass, atomic number, 
or energy or in more than one of tliose j’U’op- 
erlios. Disintegration may occur naturally, 
as in the ca'-c of the I’adioactive elements, or 
may be produced artificially, liy bombard- 
moTii with jiarticles or radiations. 

ATOM, EXCITED. An atom w^iich jiosses^cs 
more energ>’ than a normal atom of thal 
species. The additional energy eomnninly 
affects tlie electrons sin rounding the atomic 
nucleus, raising tluau to higher energy level*. 

ATOM, IONIZED. An ion, which is an atom 
that lias acrinired an ('hatric charge by gain 
or loss of electrons surrounding its nucleus. 

ATOM, LABELED. A trace r atom wliich can 
be detected easily, and which is introduced 
into a system to study a process oi* structure. 

ATOM, LEWIS-LANGMUIR. A thiory of 
electron arrangement in which it was postu- 
lated that the number of electrons surrounding 
the nucleus of an atom wnis eeiual to the 
atomic number; that the electrons are ar- 
ranged in various shells, each consisting of 
electrons having the same orbital dimensions, 
but that the electrons in siieec'ssive shells differ 
in the dimensions of their orbits; that if atoms 
w’ore considered in order of increasing atomic 
number, the essential structure of their elec- 
tron shells wmuld be tlic same, wdth the num- 
bers of electrons in completed shells being 2, 
S, 8, 18, IS, and 32: that the inert nature of 
the rare gases was due to tlieir possession of 
completed electron shells, that the chemical 
properties of otlier atoms depend upon the 
number of electrons in their partly-formed 
outer sliells; that since elements whose outer- 
most shells lack one electron of completion 
would tend strongly to acquire that electron, 
while elements having only one electron in 
their outermost shell would tend to lose it; 
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that such processes in tliese and other atoms 
often result in comi)ound formation by such 
means, whereby the resultm# 2 ; atomic entities, 
or ions, are joined by the resulting electrostatic 
forces; and that many of the periodic proptT- 
ties of the elements are explicable by these 
postulates. 

ATOM, NEUTRAL. An atom which has no 
over-all, or resultant, electric charge. 

ATOM, NORMAL. An atom which has no 
over-all electric charge, and in which all the 
electrons surrounding tlie nuchais are at their 
lowest energy levels. 

ATOM, NUCLEAR. An atomic nucleus with- 
out surrounding electrons. 

ATOM, RADIATING. An atom which is 
omitting radiation during the transition of 
one or inoie of ils ek (‘irons from higher to 
lover em rgy 'states. 

ATOM, RECOIL. An atom v\hich und(‘rgo(*s 
a sudden ehange or n'vc'rsal of its dn*(‘etion 
of motion as the r(“^ult of IIk' emission by it 

of a particle or radiation. 

ATOM, RUTHERFORD. A theory of the 
structure of llie atom m vhich a small nucleus 
conceutrates piaictically all the mass, tmd has 
a positive eliarge (‘(jual to ilie atomic number. 

eciiial number of eU'ciroiis, surrounding the 
nucleus, fill the major ])art ot the aloiuic 
volume. Tliis idea is the basis of tlu’ Bohr- 
Sommcrfeld atom, and of all bul)S(H|uont 

th(3ori(\s. 

ATOM, STRIPPED. An atomic nucleus 
without surrounding el(‘ctn)ns. 

ATOM, UNITED. An entity p(^stulat(Ml in 
atomie sllldi(^s, e.g., one of the metliods of 
approach to the study of molecular dissocia- 
tion. In this method of analysis, the nucku 
of the atoms forming the inolceule arc assumed 
to be brought so close to each other that they 
form a single atom, with the same number of 
electrons as the molecule. Such an atom is 
called a united atom. The analysis then pro- 
ceeds by assuming that this atom is tlum sj>lit 
up, until it forms the given molecule. 

ATOMIC ABSORPTION COEFFICIENT. 
See absorption coefficient, atomie. 

ATOMIC BEAM METHOD. A method of 
broadening of spectral lines devised to obtain 


the high resolution noe(3ssary for accurate reso- 
lution of hyperfine structure components. 
This inetliod was developed by .lackson and 
Kulin (Proc. Roy. Soc. fA] 14^ 335 ( 1935 )) 
as follows: Atoms evaporated from the sur- 
face' of a liciuid are pabsed through a long 
cool tube (o j)roduc(i a beam in which the 
gr(‘atcbt angle ihat an atom can make with 
the axis of the tube d/ly where d is the 
(liamoler of tlio lube and / is length. Now if 
these atoms are exeitc'd or allowed to absorb 
ent‘rgy, and the radiatmn or absorption i.s ob- 
bcrved by a b])ect roscope whose line of sight is 
at rigid angles to the direction of the atomie 
ray, ilxm tlu' Doppler width of the emitted 
or al)s()il)(‘d line will he binaller in the ratio 
of d to I than that of a line emitted hy the 
atniiiN wifli tli(‘ir normal random dibtribution 
of \o](U‘iti('s at tlu‘ b*nip('ratiire of tlu' lifpiid 
from wdiich tlu' atoms are evaporating. (See 
also molecular beam.) 

ATOMIC CHARGE. Th(‘ electrical eliarge 
ol an ion (charged atom) which is erpial to 
the product of (he number of electrons tlu* 
atom ha^ gamc'd or lost in its ionization, by 
tlu* cliarg(* on one electron. (See charge, ele- 
mentary. ) 

ATOMIC CHARGE, EFFECTIVE. The 

bjioctra of inonovak'nt atoins may he approxi- 
mar(‘d by a Bahiua-like lormula in whicli the 
charg(* on the miclcu'-' is i educed by a shield- 
ing coiisiaut d'i(‘ to the other electrons in the 
at(»iu. rJie value ('>f this efTective atomie 
eliarge will dt pend on the amount of penetra- 
tk»n ol the vakauu* electron into the kerne*! 
of the atom, i e.. the cloud of electrons between 
the valence ekrtron and the nucleus. 

ATOMIC CORE. An atom .stripped of its 
\alence electrons, leaving only closed elec- 
tron shells about the nucleus. 

ATOMIC DISTANCE. 'Idic average distance 
separating the centers of two atoms 

ATOMIC ENERGY. (1) The eon.4itutive 
internal energy of tlie atom, which would be 
absorbed when tlie atom is fonned from its 
constituent jiarticlcs, and released when it is 
broken up into them. This is identical with 
the binding energy and is proportional to the 
mass defect. (2) Energy released as the re- 
sult of the disintegration of atomic nuclei, 
particularly in large scale processes. 
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ATOMIC ENERGY LEVELS. (1) The val- 
ues of the energy corresponding to llie sta- 
tionary states of an isolated atom (2) The 
set of stationary states in which an atom of a 
particular ‘^pccie^ may l)e found, including 
the ground state, or normal slate, and the ex- 
cited states 

ATOMIC FACTOR. Sec atomic scattering 
factor. 

ATOMIC FREQUENCY. The vibrational 
frofiuency of an atom, used jjarticuhirly with 
respect to the solid state. 

ATOMIC HYPOTHESIS. The theory that 
all matter is composed of small indivisible 
jiartieles, calh'd atoms. 

ATOMIC KERNEL. An atom vhich has lost 
1ht‘ electrons in its outermost shell (the valency 
(‘lectrons). (Same as atomic core.) 

ATOMIC MASS. The* mass of a neutral atom 
of a nuclide. It is nsnall}^ exjires^.ed in terms 
of th(‘ physical scab* of atomic masses, that is, 
in atomic mass units (amu). 

ATOMIC MASS CONVERSION FACTOR. 

The exiierimenlally (h'lc'cmined latio of the 
aloniic W’cight unit (awii) to the atomic ma'-s 
unit (amu), Ih'causc* tlu* isotojiic compo^-ilion 
of natural oxygen varies ^li^htlv with its 
source, the value fl amu — ()99972S awu) of 
this factor is uncertain in the sc'venth signifi- 
cant figure. 

ATOMIC MASS NUMBER. See mass num- 
ber. 

ATOMIC MASS UNIT. See amu. 

ATOMIC NUMBER. Idie number of jirotoris 
in an atoinie nucleus, or the positive charge 
of the nucleus, expressed in terms of tlic 
electronic charge. It is usually denoted )>y 
the symbol Z. 

ATOMIC NUMBER, EFFECTIVE. A num- 
ber calculated from the cauiipositioii and 
atomic numbers of a compound or mixture. 
An olenK'Tit of this atomic number would in- 
ternet with ])hotons in the same way as the 
eompoimd or mixture Vinous formulae for 
this number have been d ^ /eloped, of wdiieh 
the following are oerhaps best known: 

Sjuer: Based oi. theoretical considerations 
involving absorption and scattering coefficients 
(Bnt. J. 19, p. 52, 1946): 


Z = effective atomic number 

= + / 2.94 

where Zj, Zo, etc., arc atomic numbers of in- 
dividual constituents, and ao, etc., the frac- 
tional electron contents of elements Z,, Z**, etc., 
in the compound. 

Fricke and Glasser: Based on theoretical 
considerations of photoelectron jiroduction 
(Fort sell. a. d. Clebiete der Koentg('nstrahlen, 
33, p. 243, J02:)): 

^ __ + 02 ^ 2 ^ • • • 

\ "b (^2^2 * * ’ 

where Zi, Zo, etc., are the atimiie nurnl)era of 
the constituents, and U], etc., their fractions 
by weight. 

ATOMIC ORBITAL, l lu' wave function of 
an electron in an atom. (See orbital.) 

ATOMIC PARAMETERS. Tlu' distances be- 
tw(H*n the various atoms ui a crystal .structure, 
as d(‘teniiined, for exami)le, by x-ray analysts. 

ATOMIC PHOTOELECTRIC EFFECT. 

Quantitative aspi'cts discus.^i'd under Einstein 
pholoelecti’ic equation, 

ATOMIC PLANE. A [>Iane jiasscd through 
the at(>m« of a crystal .space lallicc, in nc- 
cordaiKa' with ccTtain rules relating its posi- 
tion to the crystallographic axes. (See Miller 
indices.) 

ATOMIC POLARTZABITJTY («). flu 

atomic jiolarizabihty is tli(‘ susceptibility pra* 
atom. If P is the ])ohirization per unit vol- 
ume produced by an ehadric field E, the po- 
larizability X is given by 

E = xeoK 

where eo is the permittivity of free space, and 
the polarizability per atom is a = x/^, w^here 
n is the number of atoms })er unit volume. 

ATOMIC PROPERTIES. Properties of sub- 
stances which are due to the nature of the 
constituent atoms, as distinct from those prop- 
erties due to their arrangement into molecules 
and solids, etc. 

ATOMIC RADIUS. By a comparison of the 
crystal structures of covalent compounds (see 
covalence), an effective radius can be as- 
signed to each type of atom, as if it were a 
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sphere of a definite size. This radius depends 
on the type of bonding, and on tlie coordina- 
tion number. In turn, the ratio of the atomic 
radii will often decide the crystal structure of 
a given compound. 

ATOMIC RADIUS, NONBONDED. 1'he 
value of the atomic radius corre.spondiug to 
the closest distance of approach between 
atoms not united by a bond. 

ATOMIC SCATTERING FACTOR. A factor 
representing the efficiency with which x-ray.s 
of a given frequency are scattered into a given 
direction by a given atom, u'-ually measured 
in ti'rins of the corresponding factor for a point 
electron. From this factor is coiistructcd the 
structure factor \\’hich govi'rns th(‘ ditt ruction 
of x-rays in the x-ray analysis of crystal struc- 
ture. in general, the atomic scattering factor 
i.s iiroporlional to the atomic number. If the 
charge ilensity pir) of the electrons at r in 
the atom is known, then the seattcring factor 
lor radiation tor wavelength X, ineidont on a 
plane noimal to the direction S, is given bv 

lhroui;h IIk* volunu* of ihv atom. 

ATOMIC SOLUTION DIFFUSION. Ono 
( iui^o ot internal friction in .solid solutions i‘- 

[ho diffusion of (he (•(nisiitiH’nt atoms. 

ATOMIC SPECIES. A distinclm* iypo of 
alom. The l)a^]s of tliffen’iiliation belutm 
atoms is (1) mass, (J( atomic number, or 
uLimhcr of posit e nuclear chai'^es, (3) iinrleai 
excitation energy. The rea-on for reroonizino; 
this third class is lieeaiise certain atoms are 
known, chiefly amon^ those obtanu’d hy arti- 
ficial transmutation, vslueli liave the same 
atoniie (isotojiie) mass and atomic number, 
but differ in eneroeties. (See nuclear iso- 
tope.) 

ATOMIC STATE, METASTABLE. An ex- 
cited atomic energy level wherein the atom 
cannot ^ive ii]) it.s Qi\crgy in the form of radia- 
tion but must ultimately return to the normal 
state by some other ])rocess. 

ATOMIC STATE, MEAN LIFE OF AN. 

The time r after ^^hi^h the number of atoms 
left in the given atomic state is l/e of the 
original number. The time is given by the 
expression : 


1 1 



where A„tn is the Einstein transition proba- 
bility of s[)ontaneous emisKion, n is tlie initial 
state, nij the final state. 

ATOMIC SPECTRUM. Sec spectrum, 
atomic. 

ATOMIC STRUCTURE. According to current 
views, an atom consist of a number of elec- 
trons moving in the electrical field of the posi- 
tive charge of a massive nuclens. Because of 
tlu‘ small dimciLsions of the svstcui, it is im- 
pos.Mhlc to ascribe exact orbits (o the elec- 
trons Only the language of quantum me- 
chanics tutrices to dchcribe an atom, in t(‘rms 
of wave functious wl.iifli m(‘asiire the density 
of the e](‘etroni(‘ cloud surrouiuling the nucleus 
An isolated atom can only exist in discrete 
energy states or energy levels; transitions be- 
tween th(‘'-(‘ aie accompanied hy (he (‘mis'-ion 
or ab.sorplioii of monochromatic radiant 
( nergy. 

ATOMIC SUSCEPTIBILITY. Tlie change 
in inagnelie moment ot one gram-atom of a 
snhsiance piodiiccd by tin' a[)plication of a 
magnetic held of unit slrcngtli. 

Al’OMIC THEORY. The assumption that 
matter is not infinitely divisible but is coin- 
jioscd of ultimate particles ('ailed atoms. The 
hypolhews w'as enunriat('(l l)\ John Dalton 
in 1M)3, but the id('a dati's back to the (b’eok 
l>hiloso]ih(‘rs 

ATOMIC TRANSMUTATION. The changing 
of ;in alom into an atom of difT(Tenl atomic 
number or, in otlu'r words, into an atom of 
a different element. 'The ])rocess of transmu- 
tation occurs in nature in the course of the 
disintegration of the \ arions radioactive ele- 
ments and may also lie effei'ti'd by artificial 
means, s ich as by bombardment with neu- 
trons, crparticles, etc. 

ATOMIC WEIGHT UNIT. See awii. 

ATOMIC \ OLUME. A numerical result ob- 
tained by dividing the atomic weight of an 
(‘hunent by its (huisity. This fjuantity, when 
plotted against atomic number, exhibits a 
striking periodicity. 

ATOMIC WEIGHT. The weight of an atom 
of any element, the weight of the oxygen atom 
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being taken as 16. Tlu* atomic weiglit is also 
called tlie ccjuivalcnt weight or the relative 
weight. Since many cl(‘mcn(s, as th(‘y com- 
monly occur in nature, are mixture> of iso- 
topes, the acc('pted values of their atomic 
weights are in reality mean values of the 
isofof)ic atomic weights of the various isoto])Cs 
present. The atomic weight, as defined alxjve, 
is often called the “chemical atomic weight/^ 
taking as its bnsis a value of 16, for oulinary 
atmosjdieric oxygen. Since atmospheric oxy- 
gen consists of a mixture of 3 different iso- 
topes, a “physical atomic w^eight’’ scale luis 
been ('stablished wliich ^l^'^igns to the low’cst 
mass isotope the Aailue 16. 

ATOMIZATION. The breaking-up of ,a 
]i(|uid into small droplets, usually in a high- 
sj)eed jet or lilm. 

ATR. Abbn'viation for aiiti-transmit-receive 
switch. 

ATTENUATION. In its most general sense, 
attcaiualioii is j’c'duction in conccait ration, 
density or effectiveness. In radiation iheory, 
attenuation is used to (‘xpre.ss tlie reduction 
in flux density, or ])owvr ]ier unit area, wuth 
distance from the source; the reduction being 
due to absorption and/or scattering. In the 
iTH»st common u^ag(‘, attenuation docs not m- 
clu(fe the in\ erse-s(|uare decrease of intensity 
of radiation wdth distance frern the source’. 
The >ame re.^luetion ajiplies to the use' of the* 
term in nuclear ]diysics, where attenuation is 
the re’duction in the iiit entity of radiatiein on 
yias-'age* through matte’r where the effe’ct is 
usually due' to ab.sorption and scattering. 

ATTENUATION BAND. Se e rejection band. 

ATTENUATION CONSTANT. For a travel- 
ing ]dane wave at a gi\e‘ii freeiue'iu’y, the rate 
of e\])one‘ntial decrease eif the amplilude of a 
fiolel coinpement (or eif the voltage or curremt) 
in the direclion of projiagation, in nepers or 
decibels ])e'r unit length 

ATTENUATION CONSTANT (IMAGE). 

The real part of the transfer constant. 

ATTENUATION DISTORTION. Sec ampli- 
tude disStoriion. 

ATTENUATION I QUALIZER. An equal- 
izer userl to (3ompen8at(' for amplitude-fre- 
quency disti'.'ilon in a system. 


ATTENUATION FACTOR. (1) A measure 
of the opacity of a layer of material for radia- 
tion traversing it. It is equal to lo/L in which 
/o and 7 arc the intensities of the incident and 
emergent radiation, respectively. In the usual 
sense of exponential absorption 

7 = 7oC-^" 

wdiere .r is the thickness of the material and /i 
is the absorption coefficient. (2) A meaning 
similar to that in (1) is current in electrical 
circuit a[)plications, wdicrc the attenuation 
factor is the ratio of the input eurnmt to the 
out|)ul ciirn'ut of a line or network (3) For 
acoustic attenuation factor, see absorption co- 
efficient, amplitude. 

ATTENU \TlON-FRE0UENCY DISTOR- 
TION. S(‘(' amplitude-frequency distortion. 

ATTENUATION RATIO. The magnitude of 
th(' j)ro]iagation ratio. 

ATIENUATION, SIDEBAND. That form 
ot attenuation in wdiich the transmitted rela- 
tiM‘ amplitude of some coniponcml (^ ) of a 
modulated signal (excluding the carrier) is 
smalh'r than that produced by the modulation 
process. 

ATTENUATION, VOLTAGE (TRANS- 
DUCER). The r.atio of the magnitude of the 
voltage' acruss tlie input of the transducer to 
the magnitude of the voltage deliveied to a 
specified load impedance connected to the 
transdiicc'r. If the input and/or output power 
consist of more than one eomjioncnt, such as 
multilrc(|iicncy signal or noise, tlicri the par- 
ticular comiKinents used and their weighting 
must be s])ecified. By an extension of the 
term “decibel/’ this attenuation is often ex- 
l)ress(‘d in (U'cibels by multiplying its com- 
mon logarithm by 20. 

ATTENUATOR (PAD). A network designed 
to introduce a definite loss in a circuit. Tt is 
designed so the impedance of the attenuator 
will match the impedance of the circuit to 
which it is connected, often being connected 
belwceu tw^o circuits of different impedance 
and scr\ ing as a niaU'hing nctw’ork as well as 
an attenuator. It is distinguished from a 
simple resistance in that the impedance of an 
attenuator docs not change for various values 
of its attenuation. It is a valuable unit in 
making many laboratory tests on communica- 
tions equipment where it is used to adjust the 
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outputs of two pieces of apparatus or for two 
different conditions so the relative merits may 
be determined from the attenuator setting 
In much communication work it is desirable 
to transmit power at a hicilier level than will 
be used in order to overcome circuit noi'^es, 
and then to reduce it (o the pi^oper value at 
the receiving end by a pad It is u'^ually cali- 
brated in decibels and thus indicates the at- 
tenuation introduced by it. 

ATTENUATOR, CHIMNEY. One form of 
coaxial-line atleniuiior which received lis 
name from the appearance of tlie stub lines. 

ATTENUATOR, COAXIAL LINE. An at- 
tenuator lor use in a coaxial line. It may be 
fixed or variable 

ATTENUATOR, FLAP OR FIN. A wave- 
guide attenuator in wdiicli a fin or flap of con- 
ducling iirileiial is nuued into (lie guid(‘ in 
such a iiianner as (o cause power absoipiiou 

ATTENUATOR, TRANS^ ERSE FILM. An 
attenuator cfinsisting ot a (onduc(iiig lilm 
placed tiansNer^'C (o the axis of a waveguide. 

ATTRACTION, ET.ECTRICAL, The lorce 
between olectne chaig(‘s o1 ojiposito su»u, hav- 
ing a magnitude gnen by (he Coulomb law. 

ATTRACTION, GRAVITATIONAL. Ac- 
cording to the New ton law of universal gravi- 
tation, every ma‘>s m (he umveis( atliuts 
every other mass \vi(h a (orce diK'ctly jiro- 
portioiial to th(‘ product ot the mass('s and 
inversely proportional to (lie distance l)ctw((n 
their centers of mass This attraction is il- 
lustrated in the solar system by the attrac- 
tion exerted by the sun upon the planets and 
by the individual planets upon each other 

ATTRACTION, MAGNETIC. \ force ex- 
erted by a magnetized bodv upon another 
capable of magnetization, as of an iron mag- 
net upon a piece of iron TIk' force ludween 
two magnets may be an attraction or a repul- 
sion, depending upon orientation. 

ATTRACTIVE FORCES IN LIQUIDS. With 
the exception of liquid rare gases, a liquid 
molecule exerts on its neighbors an attractive 
force which falls off very rapidly with dis- 
tance and which is negligible for spacings more 
than a few molecular diameters The attrac- 
tive forces in liquid rare gases are of the van 
dcr Waals (see van der Waals forces) type, 


varying inversely ns the seventh power of the 
distance, hut ordinary liquid molecules attract 
one another witli a force that falls off much 
more rapidly. 

ATWOOD MACHINE. A device consisting 
(d a wh(‘el or juillcy over which is passed an 
inextensible ci)rd connt'cting tw'o weights. It 
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Atwood Machine 

IS often list'd to demonstrate motion of a sys- 
t(‘m under an exLetnal uniform force in ac- 
coidanci' wuth the Newton Second Law of 
Motion. It Can hv used to determine accelera- 
tion of gravity. 

AUDIBILITY, LIMITS OF. Tlie thresholds 
of litxiiing tlu' minimum efitetive sound pres- 
suielhal (*an be ht'iird at a specified fretiuency 
loims (lie lout r limit (minimum audibility or 
thrc'shold ])ie^sure), tlie minimum effective 
sound pH‘'-surc that causes feeling or pain in 
(he ear ionii^ the U]>])(r limit flhu'-hold of 
iM'liiig) I Set sound pressure, effective; audi- 
bility, threshold of; and feeling, threshold of.) 

AUDIBILITY, MINIMUM. See audibility, 
threshold of. 

AUDIBILITY, THRESHOLD OF (THRESH- 
OLD OF DETECTABILITY). Ft^r a speci- 
fi( d signal, tlu' miniinimi efl(»rtnt sound fires- 
suie t)l the signal that is ca))Hhle of evoking 
.‘in auditory .sensation in a sprcifiod fiaction of 
the trials The charact eristics of the ^^ignal, 
(Im* mairur in winch it l^ presented to the 
Iistt'iK'i, and tli{‘ iKunt at wdiieh the sound pres- 
Miic is measured should be specified. 

Unites, otherwise indicated, the ambient noise 
Teat lung the ears is assumed to be negligible. 
The thresjiold may Ix' expressed in decibels 
relative to 0 0002 microbar or to 1 microbar. 
Instead of the method of constant stimuli, 
which IS implied by the phrase “in a specified 
fraction of the trials,” another psychophysical 
method (wr'hich should bo specified) may be 
employed. 
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AUDIO. Pertaining to sound or hearing. 
The word “audio” may be used as a modifier 
to indicate a device or system intended to 
operate at audio frequencies. 

AUDIO DISTORTION. Sec audio and dis- 
tortion. 

AUDIO FREQUENCY. Any frequency cor- 
responding to a normally audible sound wave 
Audio freciuencies range rouglily from 15 to 
20/)00 cycles jxm* ■-eeond 

AUl^lO-FREQUENCY HARMONIC DIS- 
TORTION. n^he gc'noialiou in a syslem of 
intc'aral multijiles oi a single audio-frecpiency 
input signal 

AUDlO-1 REQUENCY PEAK LIMITER. A 

cireuil u^ed in an audio-iiequency system to 
cut ofi* peaks that cveed a jiredetonninod 
valu(‘. 

AUDIOGRAM. A grajdi showing hearing loss, 
j)('r(‘ent hearing loss, or p(nTent hearing (see 
hearing, percent) as a tunction of frerpieney. 

AUDIOGRAM, MASKING. A graphical 
])r(*sentation of the masking due (o a stated 
nois(‘ I'his is plotl(‘(l, in decibels, as a func- 
tion ot the fre(iuency ol tlie masked toiK* 

AUDIOMETER. An instrument fur measur- 
ing hearing acuity M(\Msnrein('nts may be 
nuuie witli spe(‘cb signals, usually recordc'd, 
or with tone signals, 

AUDIOMETRY. The study of hearing acuity 
l)y means of audiometers. 

AUDION. The original tlnee-elemeiit vac- 
uum tube invent (‘(i by DeForest. 

AUDITORY CANAL. The canal connecting 
the external ear (pinna) and the car drum. 

AUDITORY LOCALIZATION. The ability 
of the ear to locate the apparent direction of 
sound sources, especially by nn‘ans of the 

binaural effect. 

AUDITORY SENSATION AREA. (1) The 

region enclosed by the eurv’es defining the 
threshold of feeling and th» threshold of audi- 
bility as functions of freqi *Mry (see feeling, 
threshold of, and audibility, threshold of). 
(2) The part of brain (tcmiioral lobe of 
the cortex) which is responsive to auditory 
stimuli. 


AUGER COEFFICIENT. The ratio of 
Auger yield to fluorescence yield, wdiich is 
also expressed quantitatively as the ratio of 
the number of Auger electrons to the number 
of x-ray photons ej(‘eted from a large number 
of similarly excited atoms. (Sec Auger ef- 
fect. ) 

AUGER EFFECT. A nonradiative transition 
of an atom from an excited electronic energy 
slate to a lower state with the emission of an 
electron. The term usually nders to the x-ray 
region of energy states. Th^' final state cor- 
responds to one higher degree' of ionization 
tliaii doe-^ the initial state. Tlu' e/Tect is an 
alternative* })roc(‘ss to the transition to a leaver 
st'ite ha\ing the same degiTe eif ionization 
with the emission of an \-ray j^hedon, anel thus 
IS analogeais to the internal conversion of a 
nuclear ti‘ansilion The ejectexl elea'lron has 
kinetic energy eepial to tlie differenee belvveem 
the e'liorgy of the x-ray ])hotoii eif the coire*- 
spemduig radiative transition, anel the hinding 
energy of the ejected electreni 

]More explicitly, the Auger [ireie’css takers 
place wlieu two (‘iiergv le\els of an atomic 
system whicli belong (o different term series, 
hajipen to lie (‘Jose together Th('v tlum in- 
fluence each other, there is a slnlt of the two 
k'Aeks in tlie semse of a repulsion, and there i‘- 
a mixture of the eigenfunctions of the two 
states A\'licn one term in a discrete series 
has the sanu* energy as a term of a continuous 
term sp('ctrum, all tlie higher terans of tlie 
serit's have the same energy as eorrespond- 
inglv high(‘r terms of the conlimions range, 
and therefore, all tlu* higher terms of tlii^ 
seri('s may be perturbed. In su(‘h a perturba- 
tion by a eontinuoiis term tlie shift of the orig- 
inally discrete level enn assume a continuous 
series of values Tliat is, the level becomes 
diffuse; the atom or molecule can assume all 
energy values in a more or less narrow' region 
(depending on the strength of the pcTturba- 
tion ) . 

As in the case of ordinary perturbations a 
mixing of the eigenfunctions takes place here 
also, so that the true state is a hybrid. Part 
of the time the system is in the discrete 
“state,” part of the time it is in the continuous 
“state.” However, a continuous state means 
a splitting of the system and a flying apart of 
the parts with more or less kinetic energy (the 
eigenfunction is an outgoing, spherical wave). 
Therefore, w'hen, as a result of the mutual 
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perturbation, the system has once gone from 
the discrete into the continuous “state,” it 
cannot return to the discrete “state,” since 
the parts are soon widely separated from each 
other. Thus, if an atomic system is trans- 
ferred to such a diff\ise state — for example, by 
light absorption — it undergoes a radiationless 
dccon)]M)sition aflor a certain lifetime. 

AUGER EFFECT, CRITERIA FOR. (1) 

Radiationless decomposition of the system 
(ioiiiz:ition or dissociation) aft('r a mean life 
Ti — that is, with a probability y - (2) 

Broadening of the discrete levels under con- 
sideration and correspondingly of the spectral 
lines w'hicli have these levels as iipjior or hnver 
states. (3 1 Weakening of the emission from 
th(\se levi'ls, since only the moloeiiles that do 
not (l('(*()mj)ose can radiate. 

AUGER EI.ECTRON. An ('krtron ejected 
from an excited atom in I he Auger effect. 

AUGER SHOWER. A shower of Auger elec- 
trons, a term now a|)ph(‘d to any extensive 
si low ('P. 

AUGER yiEI.D. The Auger yi('ld for a given 
(‘xeited stnti of an atom of a jiarticular ele- 
iiaait is tlu’ piobniiilit y of dca'xeit at ion by the 
Auger effect ratluM’ than bv x-iay emi‘'sion: 
it IS the difleience between unity and tbe 
tliioresc(‘nce yield lor that state’, aiul aUo 
etiuals tbe sum of tlu' Auger yiehis for tlie 
\arious possible Auger transitions from that 
state. 

AUGIIEY SPARK CHAMBER (GAS TRANS- 
PORT ELECTRODES). An electrical spark 
is ]m)duced belweeni (wo hollow tuliular ek-c- 
trodes. A gas passed tlirougb (lie electrodes 
into the space wdiero tlu‘ spark oecurs will be 
exeited and caused to emit its characteristic 
spectrum. Traces of contamination in tlu* gas, 
such as dust particles, wnll be etfieicntly ex- 
cited so that tlieir spectrum may be observed. 

AUGMENTATION DISTANCE. The dis- 
tance betwTcn the extrapolated hounclary and 
true boundary of a nuelear reactor. Also 
knowui as extrapolation distanre. 

AURAL HARMONIC. A harmonic generated 
in the auditory mechanism. 

AURAL TRANSMITTER. The radio equip- 
ment for the transmission of the aural signals 
only. 


‘AUREOLE. The hazy, less luminous outer 
portion of an electric arc, often of a different 
spectrum from that of the core. 

AURORAL LINE. A green line in the spec- 
trum of the aurora borealis at wxavelength 
5577 A due to a forbidden transition in oxy- 
gen. 

AUTOCOLLIMATOR. (1) A deviee by 
which a lens make^ diverging light from a slit 
parallel, and then afl(T (he [iarall(‘l light has 
]iasKed through a prism to a mirror and been 
reflected back Ihrough (he jirism, the same 
lens brings tlie light to a focus at an exit slit. 
(2) A telescope jirovided wdth a reticle so 
graduated that angle's subtended by distant 
ohjerts may be read dir(‘ctly. t3) A convex 
mirror placed at tbe focus of the principal 
mirror of a n'flc'i iin.* telescope 'and of such 
curvature that (he light after rc'Rection leaves 
the tek\soo]M‘ a*^ a parallel bc’am. 

AUTOCONVECTION LAPSE RATE. Un- 

dislurhed air will remain stratified (veu 
though the lapse rate e\c('('ds the dry-adia- 
batic rate of 5 5^^ p(T 1000 ft If the lapse 
rat(' hecoiTK's sufriciently largo, d('nsitv of the 
air w'lll increase with altitude and wdll over- 
turn. This eritnad laosc' rate is per 

km or very neai'lv lO^F per 1000 ft. 

AIJTODYNE DETECTOR. See beatnote de- 
tector, 

AUTOFLECTRIC IsFFECT. The emission 
of ele^’tions from a (‘old cathode due to the 
appliealjiai of an intense elect rie field at its 
surface. 

AUTOELECTRIC EMISSION. Sec auto- 
elec trie effect, 

AUTOIONIZATION OR PREIONIZATION. 

.All atom wliicli is in a discrete energy- slate 
abuve the ioiiizatiun point can ionize itself 
automatieally with no eliange in its angular 
moiiK’iiiuiii veetois ii (h(*re is a continuum 
with t^xactly the same characteristics. 

AUTOMATIC CONTRAST CONTROl.. In 
tek'Msion receivers, automatic gain conti*oI of 
the i-f and r-f 'sndoo amplifi ers. Thus the 
second detector output aiufditude is esseidially 
constant, wliich results in constant picture 
contrast. 

AUTOMATIC CONTROL SYSTEM. Any 

operable combination of one or more automa- 


Automatic Controller — Available Power 


70 


tic controls ooniiectcd in rlused loops with* 
one or more processes. 

AUTOMATIC CONTROLLER. A device 
wliicli iijcasures the value of a variable (pian- 
tity or conditjon, and operates io correct or 
limit deviation (}f lliis measured value from 
a Helr(‘te(l reference. It includes botli the 
measuring; iueans ami the contj’olling means. 

AUTOMATIC FREQUENCY CONTROL. 

An arriin^emeut wherehy IIk* frequency of an 
oscillator is aulomatieally maiiitained williin 
sp(‘cified limits. 

AUTOMATIC GAIN CONTROL. A circuit 
arrangement which adjusts tlie ^ain in a s]K‘ci- 
fled mariner in response* to chan<»:(‘s in input. 
Also called automatic volume control. 


AUTOMATIC VOI.UME CONTROL. An 

automat ie volume control circuit is incorpo- 
rated in a radio receiver to maintain llic am- 
plitude of the signal applied to the detector as 
iK'arly constant as ]K)ssible and thus c(a*rect 
for variations in siti^nal streni;tli caused by 
fading. When a mntliilated radio-fre‘(|uency 
wave is dc'tected tlii* output contains a d-c 
componi'iit which lias a magnitude [uopor- 
tional to the amplitude of the carrier iin- 
jUT'^sed on the detector. Other coin[)on(‘nts 
taf and rf) arc filU'red out and this d-c volt- 
age* ip'plicfl a- bias to the variable imi j^adio 



Simpli auloinatir aoIhiih control ciicuil 


frequency am])liticrs. The figure illustrates 
(he e'ssential eomponents e)f such a sy.stcm, the 
resistance and capacitance units indicated as 
L serving to separate the various components 
of the det(*ctor output and route them to the 
jiroiier jiarts of the complete receiver. The 
d-c for the avc is fed, as indicated, to the 
grid of tlie rf tubes, usually all being so biased 
although only one is showm. Thus a high 
^alue of applied signal g-Ms a higli value of 
d-e oiilput which is appl.'.d to tlu* variable 
mu tuhi', making its grid more negative and 
thus decreasing its gain and reducing the sig- 
nal applied *0 the detector. A low value ol 


carrier gives a lower value of d-c which means 
less negative bias on the rf tube, hence more 
gain and increased signal to the detector. 

AUTOMATIC VOLUME CONTROL, DE- 
LAY. See delay automatic-volume-control. 

AUTORADIOGRAPH (RADIOAUTO- 
GRAPH). Record of radiation from radio- 
active material in an ohji’ct, made by j)lacing 
its surface in close jiroximity to a i)h()tograpliic 
emulsion. 

AUTOSYN. A trade nanu for synchro. 

AUXILIARY EQUATION. sing the symbol 
n . d/(Lv^ a given linear differential equa- 
tion with constant coetneients may be wTitlen 
in the form 

/rv + «,D''-^y+---+a„?/ = 0 
The uiixiliary eqiifition is 

(Z> — rx)(l) - /•!;)••• (/> — /•„)// = 0 
where the 7’s an* roots of tlie alf'c'ljraie equatioji 

Th(‘ general solution of the original differi'nlial 
e(|uatiou is IIkmi 

V = 

% 

the c/s rx'ing arbitrary <*t)nstants, provid(*d 
the roots an* all un(*fiual. If one of them, r,, 
is n*peated ij limes the corr(‘sp()ruling t(‘rms in 
the g(*neral solution of the (liff(*n'ntial equation 
an; replaced by r,,(I + r -f f^.r^ 4. . . . -p 
Imaginary routs, if th^y occur, 
have the form = A zb ^ 7 ^ and tlie term in 
the solution becomes cos R.r + c‘_ sin 

Bx). 

AUXOCHROME. A chromopliorc wdiich has 
a noteworthy efl'ect on the w^avelength at 
w^hicli absorjition occurs. 

AUXOMETER OR AUXIOMETER. An ap- 
jiaratus for measuring the magnifying power 
of a lens or any oj^tical system. 

AVAILABLE ENERGY. Energy wdiich can 
be converted into rneclianical work by means 
at huirian disposal. (See free energy.) 

AVAILABLE POWER. (1) Of a linear 
source of electric energy, the quotient of the 
mean square of the open-circuit terminal volt- 
age of the source, divided by four times the 


71 


Available Power EflBciency — Ave 


resistive component of the internal impedance 
of the source. The available power woukl l)c 
delivered to a load impedance that is tlu' con- 
jujz:aie of the internal impedance of tlie source, 
and is the maximum power that can be de- 
livered by that source. 

(2) From a generator or an elect i*ic trans- 
ducer, the power that would be delivered to 
the output external tenuiiiation of the gen- 
erator or transducer if the admittance of the 
external termination were the conjugate of 
the output driving-point admittance of the 
generator or transducer. 

(3) The available power of a sound field, 
with respect to a given object place{l in it, is 
the power whicli would be ab‘-tracted from 
the acoustic medium by an ideal transducer 
liaving the same dimensions aiul the same 
orientation as llu' given r)bieet. '^Plie dimen- 
sion*^ and ih(‘ir orientation with rc'^peet to the 
sound fi(‘ld slioukl be s[)ociti('d. Tlio com- 
monly used unit is tlu' erg jicr second, but ibe 
available ])o\^(T may also be (‘xpressed in 
watts. Th(' a<‘Ouslic power available to an 
electroacoustic irans<luc(T, in a ])]ano-wa\e 
sound field of given fre(iueney, is tlu' product 
of the free-held sound intensity bv the ('tTee- 
tive area of the transducer. For this purpose 
the eff('(*ti\e area of an oleetroaconstic trans- 
ducer, for v\!uch the surface velocity distribu- 
tion is independent of the manner of excitation 
of tlu’ 1 1 ansducf'r, is ^ itt times tli(‘ product of 
the receiving direelivily factor, by the square 
of the ^\avel(‘ngth of a fieo progressive wave 
(see wave, progressive) in the m(‘dium. The 
commonly used unit is the square centimeter. 
If the physical dimensions of the transdueor 
are small in comparison with the ^^aveleng(b, 
tlie directivity factor is near unity, and the 
(‘ffective ar(*a varies inve»sely as the s(piare 
of the frcciueiicy. If the ])hysical dimensions 
are large in comparison vith the wavelength, 
the directivity factor is nearly proportional to 
the square of the frccpiency, and the effective 
area approaches the actual area of the active 
face of the transducer. 

AVAILABLE POWER EFFICIENCY. Of 

an electroacoustic ti’ansduccr used for sound 
reception, the ratio of the electric power avail- 
able at the electric terminals of the transducer 
to the acoustic power availabh* to the trans- 
ducer. For an electroacoustic transducer 
which obeys the reciprocity principle, the 
available power efficiency in sound reception 


is equal to the transiriitling efficiency. In a 
given narrow-frequency band, the availalile 
power efficiency is numerically equal to the 
fraction of the open-circuit moan-square 
thermal noise voltage present at the electric 
terminals which is contributed by thermal 
noise in the acoustic medium. 

AVAILABLE POWER RESPONSE. Of an 

electroacoustic transducer used for sound 
/‘mission, the ratio of the mean-s(juare sound 
pressure a[)parent at a distance of 1 meter in 
a specified direction from the effective acoustic 
center of tli(‘ transducer to the available elec- 
tric power from tlie source. The available 
])o\vor response is usually expressed in decibels 
alcove the lefcronce response of 1 microbar 
s(iuaied p(‘r v\att of available electric power. 
Tb(‘ sound ])ressme apparent at a distance of 
1 nuder is rktormined by multiplying the 
sound pr(‘Svur(‘ observed at a remote point 
where the sound field is spherically div/'rgent 
by the ratio of the distance of that point, in 
meters, from tlie ('ffective acoustic penter of 
the tiansdueiT, to tlu‘ reference distance of 1 
iiu'ter. 11ie available power response is a 
function not only of the transducer but also 
of some soiuTo impedance, either actual or 
bypotludical, the value of which must be 
specified. 

AVALANCHE. A term used in counter tech- 
nology to dc'^crilx* the ]>r()(‘(‘ss whicli is essen- 
tially a CrMscade multiplication of ions. In 
this process, an ion jiroduces another ion by 
collision, and the new’ and original ions jiro- 
diice still others by further ecdlisions, resulting 
finally in an ^^av’alanebe^’ of ions (or elec- 
trons). The t(Tms ‘k'umulative ionization’’ 
and “cascade” are also iisi'd to (h'seribe this 
])rocess. 

AVALANCHE EFFECT. (1 ) The condition 
which exists in a Townsend discharge wdien 
tb(‘ a]q)lied voltag(‘ is suffich'nt to cause elec- 
trons to ionize gas molecules upon collision, 
thus releasing new electrons. This creates a 
cumulative increase or avalanche of current. 
The discharge is thus self-maintained. (2) 
vSoineti tries applied to the Zener effect in &omi- 
condiictors. 

AVC. Abbreviation for automatic volume 

control. 

AVE. Abbreviation for automatic volume 

expansion. 
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AVERAGE. Defined for a quantity Q by 
_ Sw'fa], • • •, a,)Q(ai, •••,«.) 

where w is the weighting function. The ordi- 
nary average is obtained by taking u’ = 1 so 



n 


When Q and lo arc continuous, 

J * • dx. 


J w(r,, ■ ■■,x,}dxi dx. 

where t is the domain of delinilion of Q and w. 

AVERAGE ABSOIAJTE PULSE AMPLI- 
TUDE. Sfe pulse amplitude, average abso- 
lute. 

AVERAGE DEVIATION. The average de- 
viation (A.D.) of a niiinber of like quantities 
Xj is the average of the absolute (kqiartures 
of their individual values from their mean 

t I -V. - I 

A.D. . 

n 

where (lie mean 

n 

SA'; 

X = — — 

n 

'riie A.D. is a measure of the expected de- 
])arture of any single observation of a series 
from the “true’’ value which would he ob- 
tained by the averaging of an infinite series 
ol ohseiwations. The average deviation of the 
mean (a.d.) is 

a.d. = A.D./\/n — 1 

A.D. and a.d. are related to other measures 
of uncertainty if the individual values are 
distributed according to a pai*ticiilar rule, 
such as the normal error function in the Gauss- 
ian error function. 

AVERAGE ELECTRODE CURRENT. See 
electrode current, average. 

AVERAGE SPEECH POWER. See speech 
power, avciage. 


AVERAGES, METHOD OF. A procedure 
for evaluating the numerical coefficients of a 
polynomial equation. Suppose there arc n 
measurements of some physical quantity y 
and that a polynomial of degree m dn is to 
be used for expressing the dependence of y on 
some other quantity x, so that y — A + Bx + 
Cx^ + * • • + Divide' tlio measurements 

into (m -f- 1) -groups, add the equations in 
each group to obtain a set of {m -}- 1) -simul- 
taneous equations and solve them for the de- 
sired numbers A, B, C, ■ • M. 

AVOGADRO CONSTANT. The number of 
molecules contained in one mole or grain- 
molecular weight of a substance. The pres- 
ently-aeee]jted value of the Avogadro con- 
stant, which is usually ({(‘noted by V, is 
(6.02544 -h O.UOOll) X lO-Vgm iiuih' (phys.). 
This lb the least-s{piare^ adjuslc'd value. 

AVOGADRO HYPOTHESIS. ( Avngadio 
rule.)^ Avogadro, in ISll, enuneiat('d ihe rule 
that ccpial volumes of gas(\s under like con- 
ditions of temperature and pressure cont^n 
equal numbers of molecules. 

AVOGADRO NUMBER. See Avogadro con- 
stant. 

AWBERG AND GRIFFITHS METHOD 
FOR LATENT HEAT OF VAPORIZATION. 

A continuuiis-llow method in which the la^at 
of evaporation of the lirpiid under inv(\stiga- 
tion is transmitted to a constant stream of 
w'ater, whose temperature is raised a measured 
amount. 

AWU. The atomic weight unit, w'liieh is une- 
sixt(*cnth of the weighted mean of the masses 
of the neuiral atoms of oxygen of isotopic 
composition of that found in fresh lake or 
rain-w^ater. 

' 1 awn = 1.660 X gm. 

AXIAL MAGNIFICATION. The ratio of the 
interval between tw’o adjacent image points 
on the axis of an optical instrument to the 
interval betw'een the conjugate object points. 

AXIAL RATIO (OF A WAVE GUIDE). The 
ratio of the major axis to the minor axis of 
the polarization ellipse. 

AXIAL VECTOR. Pseudo-vector. The term 
is usually applied to vectors in three dimen- 
sions. An axial vector thus transforms like an 
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ordinary or polar vector under rotations but 
changes sign, with respect to a polar vector, 
under an orthogonal transformation of deter- 
minant — 1. 

AXICON. An optical component which has 
the property that a point source on its axis 
of revolution is imaged to a range of points 
along its axis. Axicons do not, therefore, have 
a definite focal length. 

AXIOTRON. A high-vacuum, thermionic 
diode in which the magnetic field produced 
by the filament current exhibits control over 
the anode current. 

AXIS. A line so situated that various parts 
of an object are symmetrically located in re- 
lation to it. Also the line passing through 
the origin of a coordinate system which cor- 
resjionds to all points of a given v;u*iable when 
oilier variables ar(‘ z(‘ro. I'lius, in two dimen- 
sions, the .Y-a\is is tlie locus of all points 
whose i'-coordinatr is zero. (See also el- 
lipse, hyperbola, parabola.) 

AXIS, INSTANTANEOUS. In rigid body 
motion, the instantaiK'ous axis is the axis per- 
pendicular to tlie plane of the motion which 
passes through that ])oint or those points of a 
liody which are instantaru'ously at re.^t. For 
a eylimler rolling flowm an inclined ])lane with- 
out sli[>ping, the instantaneous axis is the line 
of contact lietweeii cylinder and plane. 

AXIS (AXES) OF ROTATION, FIXED. The 

locus of points of a systcmi along a straight 
line which remain stationary w’hen rest of sys- 
tem undergoes rotational motion. tSee rota- 
tion.) 


AXIS, OPTIC. A direction through a doubly- 
refracting crystal along wdiich no double re- 
fraction occurs. A uniaxial crystal has one 
such direction, a biaxial has tw^o such direc- 
tions. (See crystal, uniaxial, and crystal bi- 
axial.) 

AXIS, OPTICAL. The line through the foci 
and the vertices of the optical surfaces. Com- 
monly, the surfaces of h uses and mirrors are 
figures of revolution about the optical axis. 
Normally, the parts of an optical system are 
all coaxial. 

AXONOMETRY. Measurement of axes, es- 
pecially in crystals. 

AZEOTROPE. A mixture with a constant 
lioiling point A n<gali\(‘ azedtroiie lias a 
minimum, a positive, a maximum boiling point. 

AZIMUTH ANGLE. For plane-polarized 

light inciiii'iit on the surface of a dielectric, 
the angle hetwTen the piano of vibration and 
the normal to the plane of incidence. This 
same word applies to incident, reflected and 
refracted light. 

AZIMUTHAL QUANTUM NUMBER. An 

integer obtained in cpiantiziiig ibe angular 
momentum of a particle, sih-Ii as an electron, 
moving in an olliplical path. The total mo- 
mentum IS resolved into comiionents, one di- 
rocteil radially and tlu' other tangentially to 
the 01 hit. Th(‘ latter has A^‘lllu^s given bv the 
expression /i/i* /27r, in which h is the Planck 
coni-tant, and k is the azimuthal quantum 
number. 


B 


B, (1) Breadth or width (b). (2'^ Element 

boron fFi). (3) “lUnls at" ib). (4> Second 
van dor AVaals (‘oubtant (h). (5) Effective 

film thickness (7^). (fi) Brightness or lumi- 
nance (7^). (7 1 Wien (lisj)laceinenl constant 

(b). (8) Volume modulus (d elasticity (7?). 

(9} Factor in Kichardson-Duslunan e(]uation 
(b). (10) Susceptance (73 or h), (11) Sec- 
ond Touchy constant (h). (12) Magnetic 

flux density (B). (13) Band head (77). 

B, B+5 B Letter and syml)ols used to 
identify the high-voltage plate supidy for 

vacuum tubes. 

B BATTERY. The [)owcr source for the 
anode circuit of an (‘lecironic device wliich 
is ba(t(‘ry-ofK;rated. 

BABBLE. The aggregate cross talk from a 
larg(‘ number of cli^turbing channels. 

BABINET ABSORPTION RULE. Posit i\ c 
uniaxial crystals (see crystal, uniaxial) liave 
greater absorption for the extraordinary com- 
yjorient, while negative ciw^tals have greater 
absorption for the ordinary coinpoiumt of the 
light doubly-refract(‘d fiy them. 

BABINET COMPENSATOR. See compen- 
sator. 

BABINET- J AMIN COMPENSATOR. Jamin 
introduced the controlled motion of one prism 
with respeet to the other in the Bubiiiet com- 
pensator, 

BABO, LAW OF. Tlie arldition of a non- 
A’olatile solid to a lujiiid in which it is sol- 
uble lowTrs tlie vapor pressure of the solvent 
in projiortion to the amuunt of substance dis- 
solved . 

BACKFIRE. Another name for arc back. 

BACK FOCAL LENOm The distance 
from the hack suiface of a lens to the second 
focal point. Its reciprocal is sometimes called 
the vertex power or the effective powder of a 
lens. 


BACKGROUND. A general term for the to- 
tality of the effects that are always present 
m pliysical afiparatus, and above wLich a 
])hciiomenori must show" itself in order to be 
measured. Such unrelated effects include the 
unwanted counts or currents from cosmic 
rays in electrical ai)])aratus for measurement 
of radioactivity, developable grains on pho- 
tographic )datcs that are unrelated to the phe- 
nomena investigated, noise in acoustical ap- 
paratus, and many others. 

BACKGROUND CONTROLS. The three in- 
dividual color brightness controls on color 
television receivers. 

BACKGROUND COUNTS. (1) Counts 
causid by any agency other than the (»fie 
which it is (h'sired to detect. (2) Counts 
caused liy radiation coming from srairces ex- 
ternal to the ^.counter tube other than the 
source being inec'isured, or by radioactive con- 
tamination of tlie counter tube itself. (I.R.E. 
Definition. ) 

BACKGROUND NOISE. See noise, back- 
ground. 

BACKIIEATING. In magnetrons, the in- 
er(*a^e in eathode tc'injierature due to high- 
vehicity electrons being retiirmul to its sur- 
face. Tt may be sufliciently severe to cause 

burnout. 

BACK PORCH. In television, that portion 
of a composite picture signal w^liich lies be- 
tween the trailing edge of a horizontal sync 
pulse and the trailing edge of the correspond- 
ing blanking pulse. The color burst, if pres- 
ent, is not Ciinsidered part of the back porch. 

BACK-PORCH EFFECT. The continuation 
of collector current in a transistor for a short 
time after the input signal has become zero 
due to a storage of minority carriers (see car- 
rier, minority) in the base region. The effect 
is most noticeable for large signals and is also 
apparent in junction diodes. 

BACK SCATTERING. The deflection of 
particles or of radiation by scattering proc- 
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esses through angles greater than 90° with 
respect to the original direction of motion. 

BACK-SCATTERING COEFFICIENT B 
(ECHOING AREA). For an incident plane 
wave, the back-sraMering coefficient B is 4^ 
times the ratio of the reflected power j)er unit 
solid angle (<E»r) in the direction of the source 
divided by the power per unit area in 

the incident wave: 


where Wr ifi tlie powf*r per unit area at dis- 
tance r. For large olijects, the liack-seatter- 
ing eoidficnad of an object is ajiproxiinatelv 
the product of its interception area by its 
scattering gain in the direction of the source, 
where the interception area is tlie pnijected 
gi'ometrical area and the scattering gain is 
the reradiated power gain relative to an iso- 
tropic radiator 

BACK-SIIUNT KEYING. See keying, back- 
shunt, 

BACK-TO-BACK CONNECTION. The con- 
iK'clion of a pair of tube's (usually ignitrons 
or thyratrons) in a manner whicli will permit 
control of alternating ourront ratlu'r tlian di- 
r(*et current. The anode of one tube is con- 
nected to the cathode of tlie otlu'r, and \ ice- 
versa. Thus, one tube may function on each 
lialf-cycle of supply voltage. 

BACK-WALL PHOTOVOLTAIC CEIX, A 
photovoltaic cell in wliicli the light must ]iass 
through the front electrode and a semicon- 
ductor layer before reaching the barrier layer. 

BACKWARD WAVE. See wave, backward*^ 

BACK WAVE. See wave, back; and wave, 
spacing. 

BADGER RULE. An empirical relation be- 
tween the force constants and vibrational fre- 
quencies of the electronic states of diatomic 
molecules of the form 

Uve - d,,)® = 

where ke is the force constant, is the inter- 
nuclear distance, is a constant that is dif- 
ferent for each type of molecule (it is O.tJSA if 
both atoms are in the first row of the periodic 
system, 1.25A if they are in the second, etc.) 
and may be taken as the same for all mole- 


cules (= 1.86 if ke is in 100,000 dynes/cm and 
Te and dtj in A). 

The Badger rule may readily be applied to 
polyatomic molecules. 

BAFFLE. A shielding stnicture or partition 
used to increase the effective Icrigtli of the 
external transmission path between tw'o points 
in an acoustic system as, for example, betw^een 
the front and back of an electroacoustic 
transducer. 

BAIRD DENSITOMETER. A direct read- 
ing instrument for measuring the density of 
H photograjiliic plate. Made by Baird Asso- 
ciates. 

BALANCE. (1) A condition of partial or 
complete equilibrium or adjustment. (See 
balance, mechanical.) (2) A well-known in- 
strument used in weighing. While any type 
ot ‘‘scales” us(‘d for weighing may jiroperly 
be called a balance, the term usually refers 
to the ecjual-arm balan(‘(' familiar in every 
kdiorutory. 

The dynamics of this instrument is rela- 
simple unless tlie pans are allow'cd to 
oscillate independently of the beam, a condi- 
tion v\luch should be carefully avoided w'hile 
taking Headings The balance may then be 
treated as a gravity ])enduliim suspended from 
the central knife edge or pivot, the pans and 
their loads being regarded as concentrated at 
the end knife edges Any slight excess w’cight 
Sir ('H one pan causes a change in the equi- 
lihriiim position Tlie ‘‘sensitiveness’^ of the 
balance is appropriately ex]>resscd as the 
change in the e((iiihhriiirn pointer reading per 
unit excess weight. More convenient in prac- 
tical work is the reciproc'al of tlie sensitive- 
ness, w'hieh may be called the “stability ” 
(3) An electrical network is in a condition 
of balance when it is so adjusted that an emf 
in one branch produces no current in another 
branch 

BALANCE, CHAIN. A balance in w4iich the 
smaller wTights (commonly below 100 mg) 
are applied by raising or lowering a chain at- 
taclied to ihe beam, which is accomplished 
by moving the other end of the chain along 
a vertical scale. 

BALANCE COIL. A balance coil is a coil 
for su]i])lying a three-wire circuit from a two- 
wire circuit. A 220-volt single-phase line, for 
example, can be used to supply two 110- volt 
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circuits consisting of three wires, one of which 
is a common intermediate wire. Tlie voltage 
betw’een the intenncdiate wire and cither of 
the outside ones is 1 10 volts. If the loads on 



Bulance coil for a-c 


the two 110-volt circuits are unequal, the 
voltage can be balanced by an adjustment of 
the central tap point at the balance coil. A 
balance coil is frequently an auto-transformer 
having only one coil, connections at the ends 
of the coil, and an intermediate connection. 

In d-c circuits the balance coil is used in 
eonj unction with the generator to obtain a 
thrcc-wirc system. The generator windings 
are tajiped at two diametrically oi>poMto 
points and these taps are connected to the ends 
of a balance coil. The third wire for the sys- 
tem is obtained by connection to the center of 
the balance coil. Some manufacturers build 
the coil in the sjiider of the armature and 
bring out the center connection through a 
slip ring and brush while other manufacturers 
bring out the two tap conneetions on the ar- 
mature through a pair of rings and brushes, 
mounting the balance coil out^iile the genera- 
tor. Tlic coil presents a high impedance to 
the uncommutated a-c from tlie armature, but 
lirovides a d-c center-tap. 

BALANCE, DAMPED. A balance (‘(piippcd 
with means for damping the to-and-fro move- 
ments of the suspended system, so that the 
pointer comes to rest more rapidly. A mag- 
netic system or a piston in a close-fitting cyl- 
inder are often used for the damping. 

BALANCE, DYNAMIC. See balance, me- 
chanical. 

BALANCE, ELECTRICAL. A bridge cir- 
cuit IS in a condition of balance wlien so ad- 
justed that an cm.f. in one branch produces 
no current in the conjugate branch. This is 
tile case, for example, in i properly adjusted 
Wheatstone bridge. 


This balance consists of a spring from which 
the sample is suspended, with a scale for read- 
ing its position. 

BALANCE, KEYBOARD. A balance in 
which all small weights (often up to 1 g) are 
handled by a series of keys mounted on the 
outside of the case. The Avcights are not 
handled manually, and their total can be de- 
termined by adding the weight-values of the 
keys depressed in a given weighing. 

BALANCE, MECHANICAL. Mechanical 
balance consists of the equilibrium of masses, 
and can be divided into static and dynamic 
balance. Static balance occurs in a system 
w'hcn the center of gravity of the system co- 
incides with its reactions. For exam]de, a 
rotating body in stati(* balance has its center 
of gravity roincident with its axis of rotation 
A system may, however, lie in static balance, 
but beeom(‘ unbalanced when the system ro- 
tate'^. Such a svsti'm, for example, as that 
slunvn in the aecom])anymg figure may w^l 



be in static balance, and satisfactorily pass a 
balance test wdiich w'ould consist of putting 
the shaft on absolutely horizontal parallel 
rails and trying the rotor for ecpiilibrium in 
any position. But when this system rotates, 
the centrifugal forces of the twm weights, not 
being in the same plane jierpcndicular to the 
axis of rotation, create a couple acting on the 
shaft. That couple rotates with the shaft and 
produces shaking forces at the journals, and 
vibrations in the foundation. The dynamic 
balancing of this system would involve the 
addition of a system of counter balances 
which, by themselves, w^ould be in static equi- 
librium, but which in rotation would produce 
a couple equal in magnitude but opposite in 
direction to the one already considered. 


BALANCE, JOLLY. A balance used for the 
determination of specific gravity of a sub- 
stance by weighing it in air and in liquid. 


BALANCE, MICRO. A balance for the pre- 
cise weighing of small masses ; the great sensi- 
tivity necessary is usually achieved by use 
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of the torsioa o£ a quartz fiber as a means of 
determination of weight. 

BALANCE, MOHR. A balance desired, 
like the We&tphal balance, for determining 
densities of solids by weigliing them in air 
and when suspended in a liquid of known 
density; if the density of the solid is known, 
that of the liquid may be determined. 

BALANCE, RECIPROCATING. Recipro- 
cating ))alancc consists of op])osing the shak- 
ing forces of a reciprocating ma«5S by equal 
and opposite forces obtained from another 
reciprocating mass. One particularly difficult 
job of balancing occurs in a system consisting 
of both rotation and reciprocation, as exempli- 
fietl by the piston, (‘onnccting rod, and crank 
nu'chanism. ^Fhe difficulty lies in the fact that 
if perfect balance is secured in the direction 
of reci])rocation by the employment of rotat- 
ing counter balaiu'cs, severe unbalance \Nill 
rc'sult in a jilane periiendicular to that direc- 
tion The solution of this difficulty is a com- 
prmnise in ^^hich only part of the reciprocat- 
ing mass is counterbalanced, thus reducing the 
ma\imum degree of unbalance, but producing 
a smallcT unlialance in two planes. 

BALANCE, SPRING. A device for weighing 
111 which the object to lie w’eighed is sus- 
pended by a sjiriiig, calibrated so that a 
poitilcr attached to a point on the spring in- 
dicates w'eight directly by its ])osition relative 
to a graduated scale. (CT. balance, Jolly.) 

BALANCE, STATIC. See balance, mechani- 
cal. 

BALANCE, TORSION. A balance in which 
the weight is determined by the twusting force 
necessary to turn a w'ire band. In many 
types, the force of torsion works in opposition 
to the force of gravity. 

BALANCE, WESTPHAL. A balance de- 
signed for determining the densities of liq- 
uids or solids. It consists essentially of a 
plummet suspended from a beam, which is 
graduated and provided with nd(Ts. The 
densities of solids are determined by weigh- 
ing them in air and in a liquid of known spe- 
cific gravity; if the density of the solid is 
known, that of the liquid may be determined 
Commonly, the riders on this balance have 
weight-ratios of 1, 1/10, 1/100, 1/1000, and 
the beam has nine divisions calibrated so that 


the specific gravity of the liquid can be read 
directly. 

BALANCED (PUSH-PULL) AMPLIFIER. 
Sec amplifier, balanced (push-pull). 

BALANCED CURRENTS (ON A BAL- 
ANCED LINE). Currents flowing in the two 
conductors of a balanced line which, at every 
point along the line, arc equal in magnitude 
and opposite in direction. 

BALANCED DETECTOR. See detector, 
balanced. 

BALANCED LINE (TWO-CONDUCTOR). 
A transmission line consisting of two con- 
ductors in the presence of ground, ca[)ablc of 
befng operated in such a way that wdien the 
voltages of the two conductors at all trans- 
V(‘rsc planes are equal in magnitude and op- 
posite* in polarity wuth respect to ground, the* 
currents in the two conductors arc eciual in 
magnitude and opposite in direction. A bal- 
anced line mav bo operated under unbalanced 
conditions, and the aggregate then does not 
form a balanced line system. 

BALANCED LINE SYSTEM. A system con- 
sisting of generator, balanced line, and load, 
adjusted so (hat the voltages of the tw'o con- 
ductors at all transverse' planes are eciual in 
magnitude and opfiositc in {lolarity with re- 
spect to ground. 

BALANCED MODULATOR. See modu- 
lator, balanced. 

BALANCED OSCILLATOR. See oscillator, 
balanced. 

BALANCED TERMINATION. For a sys- 
tem or network having tw^o output terminals, 
a load presenting the same impedance to 
ground for each of the output terminals 

BALANCED VOLTAGES (ON A BAL- 
ANCED LINE). Voltages (relative to 
ground) on the two conduetors of a balanced 
line wdiich, at every point along the line, are 
equal in magnitude and opposite in polarity 

BALANCER. (1) The circuit employed to 
balance out the antenna effect due to antenna- 
to-grc>und capacitance in radio direction- 
finders. (2) A machine consisting of two ro- 
tating devices, mechanically coupled, used to 
maintain or approximate balanced voltages 
on a three wire d-c line. When the load be- 
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tween one of the outer wires and j^round is 
incrcabcd so as to deerease the voltage across 
this ^deg,’^ the half of llu* balancer connected 
across the leg acts as a gencTator, driven by 
the half of tlie niaehine across the other leg. 

BALANCING, DETAILED. A principle of 
statistical mechanics which shows that the 
steady state of alTairs at equilibriiun is main- 
tained by a direct l)alance between tlie in- 
stantaneous rales of ()})])o&ing ])roce&ses. 

BALLAST TUBE. Sec tube, ballast. 

BALLISTIC GALVANOMETER. Sec gal- 
vanometer, ballistic. 

BALLISTIC MEASUREMENT. Any meas- 
urement m which an inqmlse is a])plied to the 
mcawsuring device and the subsecpu'iit motion 
of the device is determined as a measure of 
the imjailse. tSee ballistic pendulum and 
galvanometer, ballistic.) 

BALLISTIC PENDULUM, An instrument 
Used for uieasuniig the horizontal velocity 
comjKuieiil of a )>rojectilc. In its usual form 
it consists of a smii)le jxmdiilum of mass M, 
and of natural frequency /. A projectile of 
mass tn, moNing with a \elocity V strikes the 
bob and is imliedded in it T’he maximum 
excursion A' of tin' bob is then nicasured. As- 
suming that w and that little damping 
is ])F'esent, il may ))e shown by ajiplication of 
conser\a1ion laws that 

_ 2TfXM 
m 

BALLISTICS. The science which treats of 
the motion of masses projc'ctcd into spare, 
especially as associated with tlie motion of 
projectiles from guns and cannon. The com- 
plete ])atli of a jirojectile is comprised of three 
separate and (Iistin(‘t jiliases The first occurs 
in the bore of the gun, and the study of ])ro- 
jectile motion here is that of interior laallisties. 
Seconflly, tliere is the study of the path taken 
by the piojectile as it flies (lirougli spare from 
the gun to tlie target, Tliis is exterior ballis- 
tics Then, tlnrdly, tliere is tlie study of tlie 
penetration and the penetrating pow'er of a 
projectile, which, for v‘.nt of a better tenn, 
might be called ])enetT\e >n ballistics. 

BALUN. Tlv* 4 aine baliin (balanced to un- 
balanced ) is applied in general to devices used 
for the ' msformation from an unbalanced 


(coaxial) transmission line or system to a bal- 
anced (tw^o-wdre) line or sj^stera, in which the 
two terminals have equal impedances to 
ground. Some change in impedance level may 
also be introduced betw^een the balanced and 
iinlialanced terminal-pairs of the device. 

BALMER SERIES. A group of lines in the 
visible spectrum of atomic hydrogen repre- 
sented by the formula: 

in wdiich v is the wave number, Rjf is the 
Rydberg number for hydrogen (109,677 591 
cm M and Uj is 2, wdiile /?o lias various in- 
tegral v'alues. 

BALY TUBE (CELL). A tube or cell of vari- 
able length used to hold solutions for absorp- 
tion spectrogra))hic detenniuations. 

BAND (OR ENERGY BAND). See band 
theory of solids; spectrum, band; frequency 
band. ^ 

BAND, ALLOWED. A rangi* of energies, 
wliicli ele(‘trons may jiossess in a solid. (Sec 

band theory of solids.) 

BAND, DEGRADING OF. See band, .shad- 
ing oi. 

BAND EJX;E ENERGY, d'he energy of tlu* 
edgt' of the conduction band or valence band 
ill a solid; that is, the minimum energy rc- 
(juired by an eh^ctron in tirdcr that it may be 
free to move in a semiconductor or the maxi- 
mum energy it may have as a valence elec- 
tron. 

BAND-ELIMINATION FILTER. Sec filter, 
band-elimination. 

BAND, FIRST OVERTONE. The spectral 
band produced when the vibrational energy 
of a molecule changes from an initial level in 
wdiich the vibrational quantum number is 0 to 
a h'vel m which the vibrational quantum num- 
ber is 2, or tlie reverse. 

BAND, FORBIDDEN. A range of energies 
which no electron in a solid may possess. 
(See band theory of solids.) 

BAND, FUNDAMENTAL. The spectral 
band jiroduced when the vibrational energy of 
a molecule changes from an initial level in 
which the vibrational quantum number is 0 
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to a level in which the vibrational quantum 
number is 1, or the reverse. 

BAND HEAD. The wavelength of the sharp- 
est edge of a spectral band. (See spectrum, 
band.) 

BAND-IGNITOR TUBE. A glow-discharge 
tube in whicli conduction is initialed by the 
application of a high potential between the 
catliode and an (‘xternal metal band. 

BAND(S), INTERFERENCE GUARD. The 

two hands of frequencies additional to, and 
on either .side of, the communication hand 
and frequency tolerance, whicli may be pro- 
vided in ordi r to minimize the possibility of 
interference. 

B\ND-PASS FILTER. See filter, band-pass. 

BAND PRESSURE LEVEL, llu effeethe 
^onnd pri'ssure level (see sound pressure, ef- 
fective) fi)r the ‘-oiind ‘‘lU'rgy coiitaiTU'cl within 
a specified fre(|U('ncy })an(l of a given sound. 
li(»tli the width (d the ])an(l and the reference 
pr('^snr(' should l)e stated 

BANI3 SCHEME. Flu' band theory of 
solids re(iuir(‘s lli(‘ cla^sinraiioii of the < l(‘c- 
Ironic states according to tlie ( iiergv hands to 
which they Ix'long. Tfu're is n con\enietit 
theorem hy vhich eacli hand may \j nknli- 
tied with a level of tlie indep(*ndent atom, 
from whicli it arises as tlie atoms an' brought 
together to make the solid. This itleiitilica- 
tion, togi'tlier with tlie siiacing and width of 
the various hands, may he said to constitute 
the band scheme. 

BAND, SECOND HARMONIC. Identical 
w ith band, first overtone. 

BAND, SECOND OVERTONE, The siiec- 
tral band pi'odiiced when the vibrational 
energy of the molecule changes from an initial 
level in which the vibralicmal quantum num- 
ber is 0 to a lev'd in which the vibrational 
quantum number is 3, or the reverse. 

BAND, SHADING OF. The gradual de- 
crease in intensity of a spectral band (see 
spectrum, band) on the side ojiposite to the 

band head. 

BAND, SIDE. A component in carrier wave 
transmission having a frequency equal to the 
sum or difference of the frequency of the car- 
rier wave and that of the m^ulating wave. 


Band Head — Band Theory of Solids 

iBAND SPECTRUM. See spectrum, band. 

BANDSPREAD. In the finer grade of radio 
receivers, .sucli as used for communications 
purposes, it i^ (U'sirable to be able to tunc 
raj)i(lly over a wide frequency range, yet be 
able to tune carefully to rather fine limits over 
a small range at any selected jinint in the 
wider range. This is accomplished by the 
band spreading tuning pro ided on such re- 
ceivers One method is to place a small ca- 
pacitcu' gang in iiarallcl wutli the main, tuniiig- 
capaciioj* gang. 

BAND, SUMMATION. A combination spec- 
tral band for wdiicli the lowTr stat^* is the 
vibrational giouiid state of the molecule. 

BAND THEORY OF SOLIDS. The success 
of the simple free electron theory of metals 

was so striking that it was Tialiiral to ask 
how the same ideas could be applied to other 
tyjies of solids, such as semiconductors and 
insulators. TIk' basic assumption of the fn*(» 
eI(Ttron theoiy is that the atoms may he 
slrijiped of their outer (lections, the resulting 
ions arraiigt'd in the cr>\stallme lattice, and 
th(‘ ei( (drolls tfuai iioured into Iho space he- 
tw(‘en llo\^c^er, a(*(‘oj’ding to the Pauli ex- 
clusion principle, each ek'ctron must go int<o 
a di'-tinct slate, or energy level. It can be 
siiown that the energy levels in iho periodic 
lattice of ions fall into group'-, or bands; in 
1h(' allowed bands the levels are so closely 
spaced as lo form (‘ffi'ct iv(‘!v a continuum, but 
there .are aKo energy gaps, or forbidden 
bands, i e , c('rtain ranges of energy in which 
there are no levels at all. Each allowed band 
cont'ims just Iwai levels for each atom in the 
erystal (eorresjionding to the two possible 
\ allies at spin) hut it ii* possible for vari- 
ous h;md^ to ovn-lap 




Filled Impurity 
Levels 

Empty Impurity 
Levels 


(m) (n) (0) 


Band diagrams of wi, insulator, n, metal, and o, semi- 
conductor 


The properties of the material depend on 
what happens when the levels are filled up, 
from the bottom, by the electrons. If the 
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number of electrons is such as to exactly fill 
ccitiiin bands, with a wide gap above them, 
tlie material will be an insulator (m). If the 
gap is very narrow, or if there are impurities 
present to create extra levels, the substance 
may be semiconducting (o). In these cases, 
it is dillicuU to bU])[)ly Mifrici('nt tlicruial energy 
to an electron (o fu’ornote it into the conduc- 
tion band above the gaj), wliere alone it is 
free to carry an el(‘ctric current. In a metal 
(n), however, there is always a partially filled 
band, in wliieh llie electrons beliave in many 
respects as if they were free. Direct evi- 
dence for the existence of bands is provided 
by llie soft x-ray emission spectra, but the 
importance of the theory is not so mncli its 
correclmss in detail as the simplicity of the 
band scheme by which the energy relations 
between various pherionuma may l)e shown 
on a single diagram 

BAND, THIRD HARMONIC. Identical with 
band, second overlonc. 

BAND, VALENCE. An allowed hand of en- 
ergies in a solid, identified with the ground 
stat('s of the valence electrons. (See band 
scheme and band theory of solids.) 

BAND^^JDTH. Die number of cycles per 
s(‘con(I e\])i easing tlie diifer('nc(‘ Ix'tween the 
limiting lrecjuenci(‘s of a frequency band. 

BANDWIDTH, EFFECTIVE. (1) For a 
sf)ecified transmission system, the bandw'idlh 
of an ideal system wliich (ai lias uniform 
tiansinist-ion in its pass band eijual to the 
inaximimi transmission of the specified sys- 
tem, and (b) transmits tlie same power as the 
specified system wdieii tlie iwo systems are re- 
ceuing equal input signals having a uniform 
distnl)ution of enc'rgy at all fre(]uencies. 
This may be expres>ed mathematically as fol- 
low’s: 

Effective band wddth = f GdJ 
•^0 

whore / is the frequency in cycles per second 
and Cr is the ratio of the pow’er transmission 
at tlie trecpiency /, to the transmission at the 
frequency of maximum transmission. 

(2) For a band-pass fil.cr (see filter, band- 
pass) the wddth of an assumed rectangular 
band-pass filter ha\ ng the same transfer ratio 
at a reference frequency, and passing the same 
niean-squai^ alue of a hypothetical current 


and voltage, having even distribution of energy 
over all frequencies. 

BANDWIDTH OF ANTENNA. See antenna, 
bandwidth of. 

BANDWIDTH OF A DEVICE. The range 
of frequencies within which performance, w'ith 
rcspc(*t to some characteristic, falls within 
sjiecifie limits. 

BANDWIDTH OF A WAVE. The least fre- 
quency interval outside of w^hich the power 
spectrum of a time- varying quautily is every- 
where less than some specified fraction of its 
value at a reference frequency. "I'liis d(*fini- 
tion permits the sfiectnim to be less than tlie 
specified fraction wdth the interval. Unless 
otherwise stated, the reference freijuency is 
that at w’hich the Ri)ectnim has its maximum 
value. 

BANTAM TUBE. An ocdal-based tube with 
a cylindrical glass envelope roughly the same 
diameter as the base. It is designated by the 
h'tters (IT aflc'r the tube typi'-number, whMe 
its electrical ecjuivalent in a larger envelope 
dimply has the suffix (1. 

BAR. A unit o^f pr(‘ssurt‘ in the metric system 
equal to one million dynes per sc|iiare centi- 
im‘ter. It is slightly less than one at mospliore. 
Unfortunately, in acousHc.*. the har was once 
us(‘(l to d(‘note a juu'ssure of one dync^ ])(t 
scpiare centimeter. The commonly used unit 
toclay is the niicrobar, which is one dyne per 
square centimeter. 

B.AR GENERATOR. In television, the gen- 
erator of j)ulses wliieh are uniformly spaced 
in time, and are synch ronizetl to produce a 
siutionarx" har pattern on a television screen. 

BARDEEN AND BRATTAIN THEORY. 

The observation that a metal in contact with 
a semiconductor prefers to emit ‘Tiole.s’" rather 
than electrons is explained by the tendency 
for electrons to remain bound in surface states 
near the junction. 

BARIUM. Metallic element. Symbol Ba. 
Atomic number 56. 

BARKHAUSEN CRITERION FOR OSCIL- 
LATORS. Sustained oscillations may be ob- 
tained in single-tube, feedback oscillators if 
the ratio of voltage fed back to the grid to 
the output voltage is equal or greater than 
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where the negative sign signifies a 180® phase 
shift, fi and are tube parameters, and Zi is 
the cficcdive load impedanee seen by the tube. 

BARKHAUSEN EFFECT. A series of min- 
ule in the inaj^netization of iron or 

other ferromagnetic substanc(j as the mag- 
netizing force is continuously increased or de- 
creased; discovered by H. Barkhausen in 1019. 
The effect may 1)C observed by winding on 
the specimen, along with the magnetizing coil, 
a secondary cfdl connected to some sensitive 
detector of current fluctuations, such as an 
oscillograph or an audio amplifier. As the 
magnetizing current is steadily increased, the 
current in the secondary circuit, instead of 
being constant, exhibits a succession of small, 
sharp peaks or maxima, which the ainplifi(‘r 
H'veals hy a faint clicking or snapjiing sound. 

BARKHAUSEN KURZ OSCILLATOR. Sec 
oscillator, Barkhausen-Kurz. 

BARLOW RULE. Tlie volunu'S of space oc- 
cupi(‘(l ])y the various atoms in a given mole- 
cule are approximately proportional to the 
valencies of tlu' atoms; wIhmu'vct an elcanent 
exhibits moi’i' firm one kind of valency the 
low(\st Milwc IS gcau'rally selected, 

BARN. A unit of nuclear cross section of the 
magnitude of 10 square centimeter 
nucleus. 

BARNETT EFFECT. In 1915, S J. Barnett 
discovered that a relatively long iron cylinder, 
vvhen rotated at high speed about its longi- 
tudinal axis, developed a slight magnetization, 
the value of which w^as ])roportional to the 
angular s])eed He fouiul the magnetization 
to be about 1.5 X 10" e.g.s. electromagTietic 
unit per revolution per sec for a cylinder about 
7 cm in diameter aiid 50 cm long. Ihe effect 
was attributed to the influence of the iin- 
])ressed rotation upc^n the revolving electronic* 
systems within the atoms. An inverse effect 
was discovered about the same time by Ein- 
stein and de Haas; viz., an iron cylinder, sus- 
pended vertically, was observed to rotate 
slightly when suddenly magnetized. 

BAROCLINIC. When isobaric surfaces and 
equal-density surfaces do not coincide the at- 
mosphere is said to be baroclinic. If the sur- 
faces do coincide, the atmosphere is said to 


'be barotropic. T;Och 1 winds often arise when 
the atmosphere is highly baroclinic. 

BAROGRAPH. A recording barometer. 

BAROMETER. An instrument for measuring 
the pressure of the atmosphere. 

BAROMETER, ANEROID. A thin di^k of 
metal covering the afierlure of a box from 
which the air has lioon c'xhausted. Variation 
in atmos])lieric j^rcssiire causes a bulging ol 
tlic dihk, which shifts a pointer over a scale 
and so indicate^ thc^ prc'^sure. 

BAROxMETER, MERCURY. A column 
mercury in an upriglit tube at East SO cm 
long, from whieli llic air has been exhaust e<l; 
(he u])]H-r end i- sealed, and (he* lower dips into 
a cup containing mciciuy, which is o{)eri to 
the ail The height of tlie mercury column in 
tlie tube indicaf(‘s the air pres'-ure. 

BAROMETRIC TENDENCY, flic ehanges 
of baroiiu'tnc piessnn* witlim a •specified time 
(usually 3 hours) before the observation, usu- 
ally indicated by s\mb«)ls at the right of the 
station as shown on the 'veather map. 

BAROSCOPE. An indiealmg pressure gauge, 
consisting of a U-tube jiartiy filled with liquid, 
haxing on(‘ end o]>en to the atmosphere, and 
the otlicr end connoeted to a syst^'in w’hose 
pressure is to he ohservc'd. Also called an 
o])en-end manometer. 

BAROTROPIC FLUID. A fluid whose dens- 
ity is a single-vatued function of the ju'es- 
snie, e.g., a compressible fluid wdio^e specific 
cntro])y or temperature is everywhere the 
sanie. 'bhe Kelvin circulation theorem ap- 
])lics to barotro]nc fluids only. 

BARRATT METHOD. An optical method 
of determining percent concentration of solu- 
tions throughout a very wddo concentration 
range. A scries of samples of knowui concen- 
trations gives a curve with wdiich the un- 
known IS compared. 

BARRETTER. A metallic resistor with a 
positive temperature ooeflicient of resistivity, 
used in control and measurement applications. 
The resistor may sometimes be enclosed in a 
gas-filled envelope to produce desired char- 
acteristics. (See tube, ballast.) 

BARRIER. See potential, nuclear. 
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BARRIER (IN A SEMICONDUCTOR). 
(Obsolete.) See depletion layer. 

BARRIER FILM RECTIFIER. A junction 
rectifier. 


BASIC FREQUENCY. See frequency, basic. 

BASILAR MEMBRANE. A flexible mem- 
brane separating two of the canals in the 
cochlea of the car. 


BARRIER LAYER. An electrical double 
layer lormcd ai tlie surface of contact be- 
tween a metal and a semiconductor, or be- 
tween two metals, in order that the Fermi 
levels in each material should be the same. 
(Sec junction.) 

BARRIER LAYER CELL. A idiot oelcctric 
device which produces a small electromotive 
force upon the incidence of liglit or other 
radiant energy ujion its bauier layer or jimc- 
tion. 

BARRIER LAYER RECTIFIER. See junc- 
tion rectifier. 

BARRIER POTENTIAL. The iiotential 
difference across a barrier layer. 

BARRIER REGION. See barrier layer. 

BARTLETT FORCE. Phenomenologically 
postulated force between two nucleons de- 
rivable from a potential in whicli these ap- 
peals an operator wdiich exchanges the spins 
of the two particles but not their positions. 

BARYE. The same as bar. 

BASE. ( 1 ) One of the connections to a tran- 
sistor, playing the role of tlie cathode in a 
vacuum tube. (2) Any substance which can 
replace the hydrogen of an acid, or wdiich 
contains hydroxyl groups capable of uniting 
wdth the hydrogen of an acid to form water 
and a salt, or wliieh contains trivalent nitro- 
gen and can add directly to an acid to pro- 
duce a salt in wdiich the nitrogen is peritava- 
lont 

BASE ELECTRODE (OF A TRANSISTOR). 
An ohmic contact or majority carrier contact 
to th(' base region. 

BASE-LOADED ANTENNA. An antenna 

(usually vertical) whose electrical height is 
increased by the addition of inductance in 
series wuth the antenna at the base. 

BASE REGION. The in frelectrode region 
of a transistor into which ninority carriers 
arc injected 

BASE RESISTANCE TRANSISTOR. See 
transistor pa»* taeter r^. 


BASS. Frequencies at the lower end of the 
audible range. 

BASS COMPENSATION. An equalizer used 
to correct the base response of an audio am- 
plifier system. 

BASS CONTROL. A tone control having 
the aliility to increase or ilecrease the bass 
frequency gain of an audio amplifier. 

BASS REFLEX. A baffle for loudspeakers 

wdiich employs a tuned poll or ojuming winch 
returns the sound from tlie rear of the s])eakcr 
in an additive phase. Thus, the sound output 
IS enhaneed over a certain range of fre- 
quencies 


BATE EQUATION. A iclationsliip of the 
form * 



Aq’/o 


— = ratio of viscosity of a solution to that of 
Vo 

Arj 

water at the same temperature; — = corrected 

Vo 

equivalent conductance; fc, fc', A, and Aq are 
empirical constants; C is the concentration of 
the solution. 


BATHOCIIROME. a chromopliore wdiich 
lowers the frequency at w^hich absorption oc- 
curs 

BATHTUB CAPACITOR. A paper capacitor 
enclosed in a roundcd-metal container resem- 
bling a bathtub. 

BATSCHINSKI RELATION. The fluidity 
of a liquid is a linear function of the specific 
volume, i.e., 

77-1 = B{v - h) 

where 77 is the viscosity, v is the specific vol- 
ume, is a constant, fe is a characteristic 
volume, approximately equal to the volume, 
b, appearing in the van der Waals equation, 

BATTERY. Any group of duplicate units 
which are contributing individually to a com- 
mon effect. 
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Battery, Primary — Beam, Fixed 


By far the most common usage of the word 
is in reference to a collection of chemical cells 
for the production or storage of electrical 
energy. As such, the battery may be of the 
primary type, of which the individual unit is 
the primary cell, or it may be the ordinaiy 
storage battery. 


if located at the same distance away, would 
produce at that point the same illumination. 

BEAM, CANTILEVER. A beam which is 
rig4dly connected at one end to a fixed sui)- 
port and Iree to move at the other end is 
called a cantilever beam. This theoretically 


BATTERY, PRIMARY. A group of primary 
cells. (See cell, primary.) 

BATTERY, SECONDARY. A group of sec- 
ondary c('lls. (see cell, secondary) as in a 
coimrion storage battery. 

BAUD. The unit of telegraph signaling speed, 
derived fioin the duration of the shortest sig- 
naling pulse. A telegraphic speed of one !)aud 
is one pulse ])er second. The ic-nn “unit 
puKe’’ is often \\ mh \ for the same meaning as 
the baud. A related lerni, the '‘dot cycle,” 
ref(‘rs to an on-otT or mark-space c^cle in 
which both mark and space intervals have 
llie ^ain(‘ haigih .a*- the unit pnKe 

BAUME SCALE OF DENSITY. A eon- 
’s enient scale of densilv for use Asith floating 
hydroinel u s, wlio^e dejith of immersion is a 
linear function of the inverse ot the density. 
The scale is linear in inverse (Uaisiiy, that is, 
in specific volume 

BAY. (11 One sc'gment of an antenna array. 
(2) A housing for transmit I or eciuiiimciit. 

BAZOOKA. A form of balun. 

BC. (1) On tube-base diagrams, the letters 
indicating a base-shield e(>iine(‘ti(ni. (2) Ab- 
brcvialion for broadcast band. 

BEAM. (1) A flow' of t-leclromagnetic radia 
tion or of iiarticlc^ that is essentially unidirec- 
tional. (2) A slraight or initially curved 
member which siijiports bearing loads with- 
out the aid of arcli action (si'o sporific ty])C" 
of beams w'hich lollow). ('!) Tlie (eim beam 
is also used to designate certain i oiled-steel 
sections, such as the 1-beaiii, which may be 
used either as beams, as defined in t2) above, 
or as columns. 

BEAM BENDER. Colloquialism for ion 
trap. (See kinescope.) 

BEAM CANDLE POWER. The equivalent 
beam candle power of a searchlight is defined 
as the candle power of a bare source which, 
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CtiiitilLvor Be'am 


fixed condition rarely occurs because of d('- 
fonnalion of tlic sup])orting material. Tlie 
maximum bending moment and maximum 
shear occur simultan(‘ous1y at the face of the 
support, 'fhe u.sefulnoss of this type of beam 
is demonstrated ii riniclurcs such as canopies, 
uiibraoed airplane wungs and cantilcMT re- 
taining walls. 

BEAM, CONTINUOUS. A beam w'hich has 
more than two siippoits. A beam which is 
continuniis o^er scviral sujiports offers more 
dilficulty in analysis fliaii would a seri(*s of 
freely sujiported beams covering the same 
overall sjian. Ib'caiise of the rc'stiaint at tlie 
intermediate supports, the continuous beam 
can carrv a gieal^'U’ load than a .simple beam 
of the same size and s[)an. It is (piite im])or- 
tnnt to pro\i(le a tiim foundation for the in- 
terim'- liate suj)p()rts, as small detlections due 
to sinking of an inti'nic'diatc support may 
mtiodiicc stresses of an entirely different na- 
ture and magnitude from those used in design- 
ii'g lh(' bi’am. 

BEAM COUPLING, The production of an 
altf*'iuitinG: current m a circuit connected be- 
tween twm electrodes through or by whicli a 
densilv-iuodulated electron beam i.s passed 

BE \ M COUPTTNG COEP FICIENT. The 

ratio of aiternaling drning current producc'd 
in a resonator to the alti'rnaling component 
of the initiating beam current, (See beam 
coupling.) 

BE\M.DEPTFCTION TUBE. See tube, 
beam-defleetion. ^ 

BP^AM, PIXED. A beam having the ends so 
firmlv connected to the suppoiits that the 
tangent to tlie elastic curve at iJlie ends re- 
mains fixed in direction under varying load 
conditions. Theoretically, this requires the 
support to be absolutely unyielding. In 
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actual practice it is impossible to attain a 
perfectly rigid end support, and tlie design 
of a beam on the assuini^tion of perfect re- 



straint would be unduly optimistic. There- 
fore a design intermediate between perfect 
restraint and perfect freedom should be 
adopted for built-in beams, the departure 
fnan the conditions of perfect fixity being 
based upon the rigidity of the end sup])()rts. 
Since a fixed beam under load receives an end 
moment where it is built in, it will be sliffir 
than a freely su])portcd Ix'aiu. and thus have 
a smaller deflection under llie same load. 

BKAM, HOLDING. A diffuse beam of elec- 
trons for regenerating the charges retained 
the dielectric surface of an electrostatic mem- 
ory or storage lube. 

BEAM LOADING. The production of an 
(dectronic adinittaiKM* between two grids when 
an initially-unmodulat(*d (const ant -density) 
be.Hiii of electrons is sliol across the gap be- 
tween them. 

BEAM PATTERN. See directivity pattern. 

BEAM-POSITIONING MAGNETS. See con- 
vergence magnets. 

BEAM-POWER TUBE. Sei' tube, beam- 
power. 

BEARING. (DA member used to support, 
guide and restiain moving elements. The 
bearings of a machine ^‘bear” the friction 
occasioned uhen the parts are in contact and 
have relative motion. Jiearings are to be 
found in various forms, ior exam])le, rotating 
and sliding, weight-cariying and thrust-carry- 
ing, ball, roller, etc. (2) That part of a struc- 
ture which transmits the load to the suiiporbs. 
Rolled steel plates, known as bedplates, are 
used for bearings for roof trusses, short plate 
girder bridges and wall bearing beams. Cast 
steel ped(‘stals have been u^^'d in place of bed- 
plates. Bridges are usiu ''y supported on 
hinged pedestals celled slices which are made 
of cast steel or fruii' :i>lled steel shapes riveted 
or welded together. The hinge consists of a 
heat-treated eel pin through w^hich the loads 


on the truss are transferred to the shoe. A 
fixed shoe is one which is firmly connected 
to the support. Shoes which allow a certain 
degree of movement in one direction are ex- 
pansion shoes. In one type of expansion shoes 
rollers arc used to provide the necessary 
means for movement and another type em- 
ploys the principle of the rocker. Sirnjfiy siii)- 
poried bridges require fixed shoes at one end 
and expansion shex^s at the otlier end to take 
care of the movement due to tem])eraturc 
changes. 

BEARINGS, TYPES OF. As diTined under 
bearing (1), bearings are emjfioyed to siij)- 
f)ort, guide and restrain moving elements. 
Thev may also be classified a*- fiKtiou bear- 
ings, \\lii(‘h inclu(l(' journal Ix^arings, ring- 
oiled bearings, and thrust hearings, and anti- 
friction bearings, which include ball hranng'- 
and roller bearings. A journal Ix'aring is 
compo'^'od of two essential jiarls, fho join rial, 
which is the inner cylindrical or conical part 
and whicli usually rotates, anrl tlie hearing or 
surrounding shell, which may be stationary 
as in the ca^^e of lirieshaft bearings, or mo\ ing, 
as in a eonnerdmg rod Ixaiing. 

The siniplestv form of journal bearing eni- 
bo(li(’s a shaft rotating in a hole in a frame or 
bracket. If any wear occurs in tlu' beaiiiig, 
it i^ neccssarv to replace the liraekol or frame. 
For this reason, bearing holes are generally 
sujiplied with sleeves or husliings so that a 
eompaiTitivelv inexjiensive rc‘iilac(‘nient is pos- 
sible. ddie contact surfaces are lubricated 
through oil holes in ihv hushing. 

Fig. 1 shows a split pillow lilock for trans- 
mission sliafting, wdiich has a habhitt-lined 





J 
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bearing surface. The babbitt metal is cast 
into the cap and base of the bearing, and is 
locked in place by recesses or anchors in these 
members. This bearing is lubricated by a 
drop-feed oil cup or a grease cup wiiich is 
screw’ed into the threaded hole in the cap. 
Split bearings arc more expensive than solid 
or plain bearings but make it easier to remove 
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and replace the shaft. Pillow blocks are usu- 
ally stocked by manufacturers in sizes to fit 
standard transmission shafting. 

Fig. 2 sho>\s a split ring-oiled bearing for 
overhead transmission shafting. The entire 



healing is siij^iioitid by two positioning screws 
F in tli(‘ hanger ot Fig 3 The hangers are 
made of cast iron oi piesscd steel and aie at- 



tached to wooden celling joists by througx 
holts as illustiated, oi by lag sciews or hanger 
bolls IJaiigeis may also be attaclieil to steel 
ceiling giideis by steel girdci clamps and 
bolts 

Thrust bearings are used for axial restraint, 
and are veiy important where heavy axial 
loads may inevail, as in \ertical hydraulic 
tin bo-generator set^, wmrm gearing, etc -^n 
such instances, a collar on the rotating shaft 
rests on a scries of freely pivoting segments 
attached to the stationary beaiing The rota- 
tion of the collar induces a wedge-shaped oil 
film between its lower surface and tlie top 
of the segments to provide thick-film lubrica- 
tion. For light thrust loads, one or more 


‘thrust washers, restrained by separate collai*s 
or integral shoulder& on the shaft, are satis- 
factory PiVot bearings are used in instru- 
ments and light mechanisms; the shaft or 
spindle has either a ball or spherical end or 
a 00° conical end, which rotates in a mating 
conical hole The resulting bearing carncs 
both ladial and thrust loads (Sic intiv ior 
load.) 

Fig 4 illustiatcs s(W(T il tvjies of Ixaungs 
for reciprocating slnlps Potli dovetail and 



rectangular slidc-^ aic gi^'cially m ide With 
some ioiiii of gib or adjustable stiip so liiai 
the Mide may bo piopeily littcd ano also to 
enable the slide to be clarnjied m lli(‘ guide ji 
desirable The taper gib, which is adjusted 
by a double ( ollat seuw, is by far the most 
eltectue gib but the guide miisi be filancd 
with one tapeied side The flat gib is the 
lea-.t c’.ptnsivo but doi's not give as good 
eont let witli tlio slide as the other foriiis Tbi' 
V-flat naijow^ slide is emploved on lathes and 
m installations where the length of tlio slul(‘ 
is less than the total width ot the member 
Ball and lollei bearings are known a'=^ anti- 
frafion bcaiiy.g^, and have certain advantages 
over joiii-nal bearings The aetiial bearing 
frntion is less than in sliding bearings, and, 
as it is piineipally lolling liiction, there is 
little daijgei of abrasirm in machines that are 
Iroquently started and stopped under load 
Rolling bearings will maintain relatively ac- 
cural e alignment of parts over long periods 
of time, can carry heav>' momentary ove^r- 
loads wuthout failure, and are very easily 
lubricated. 
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Fig. 5 illustrates a single-row radial ball' 
bearing and housing. The bearing has four 
olciucnts: the outer race which fits in the 
liousing; the inner race which fils on the shaft; 
and the cage or retainer which separates the 



balls and ke'eps them j^iojarly spaced about 
tin' j)erj])hery of I lie unil Theoietically there 
is ru> reason why I he balls could not roll on 
Ihc shfiit and in the hon^'ing, but the races 
aio enijiloyed to niaintain the projier fit and 
to ])io\ide satisfactory surlaei'^ of tlu‘ inoper 
(iegn*e of liardne-^^ for the balls to roll on In 
the figure, tlie bearing is renting against a 
shoulder on the shaft, and is held in position 
hy ;i lock mil which inav be locked at any 
t^^ eiii-y-foui th of a turn hy the washer 

P)all l)earing« aie generally sup])lied with 
bores, widths, and outer diameiets in niilli- 
iiK'leis since the lieaiings were originally used 
in (juantity in Cl(‘rinany, bnt hearings in 
slandai’d inch sizes are also availalile at the 
})ies(‘nl lime. Radial hall hearings are made 
in three' se'Hes- light, niedium and heavy — 
and are numbei*ed as follows: 205, 305 and 
105, rosjiectively. The bore, in inilliineters, 
l)etw(‘eii sizes 204 and 2J3 in the light series, 
(or example, is five times the last figure in 
the bearing number. Bearings 205, 305, and 
“105, for example, all have the same bore (25 
mill) but tlie medium and lieavy series bear- 
ings, which arc used for greater loads than the 
205 bearings, have larger outer diameters and 
greater widths. 

Double-row bearings h v:i approximately 
twice the load-carrying C-^pacity of single- 
row bearings of ^ same bon', and occupy 
less space than tw^o single-Hwv bearings. 

Angular-e'»> tact ball bearings are designed 


to take a combination of radial and thrust 
loads, and should be used in pairs unless the 
load is pure thrust. This type of bearing is 
adapted to prcloading, wrhioh consists of plac- 
ing it under an initial load which is inde- 
pendent of the w^orking load. Treloading 
tends to reduce the axial deflection under 
w^orking loads, thus maintaining accurate 
alignment of the shaft or spindle elements. 
Self-aligning hearings are double-row bear- 
ings with a s}iherical surface on tlie inside of 
the outer race. This construction allows some 
deflection in the shaft without causing the 
bearings to bind. 

l^oller bearings have a greater load-carry- 
ing eai)aeity but develop more friction than 
hall hearings of similar size. (Vlmdrical 
roller bearings are made in three' scries, sim- 
ilar to hall healings, and have roller^ w^hosc 
diainelors are approximately eepial to tlieir 
lengths Needle bearings luue cylindrical 
rollcis of small dianu'ter and considerable 
length, and ojx'rate without a cage or retnine'r 
They occiijiv very little' diamelral ^pace in 
relation to their loael-canying eapaeury, arlTl 
arc tlrerefe)re e-oming into extensive n^e in 
gear monntings, and as ]>iston ])in bi'anngs in 
large' internal qombuslion engines. 

BEAT(S). A seri(‘s of alternate maxima and 
minima in vibration amplitude, })r(w]ucefl hy 
the interference of tAvo wave trains of eiiffe'r- 
ent freqiiene*v. A familiar exainpk^ arises in 
the case of inusie'al sounds. It twei musical 
])ipes or strings of slightly eliffeieiii pitch are 

i I 1 1 I 


Five coiuc ideiires m unit time hot\ve('ii wave tiains of 
fiequencieb 20 and 25 

sounded togethe*r, the result is a more or less 
distinct throbbing, eiften disagreeable tei the 
ear. The beat frequency is the difTcrcnce of 
the two wave frequencies. Thus, if the two 
tones arc middle-c (256) and c-sharp (271.2), 
there wdll be 15.2 beats per sec. If the two 
tones are ultrasonic, but have a frequency 
difference wuthin the audible range, the beats 
themselves may produce an audible “beat 
tone.'' A similar effect results from the simul- 
taneous reception of two radio wave trains 
w’hich are nearly, but not quite, synchronized. 
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Thus if two stations are sending on carrier 
waves of 1000 and 998 kilocycles, the receiver 
will emit a shrill whistle of frequency 2000 
cycles. This is the *4ieterodyne’^ effect, re- 
sponsible for the annoying squeals and trem- 
olos often heard in radio reception. The 
effect is utilized in heterodyne code receivers 
and in the frequency-conversion section of 
the modem radio. One type of radio “fading” 
may be regarded as a beat phenomenon of 
long period. 

BEAT FREQUENCY. When two signals of 
different frequencies are applied to a non- 
linear circuit, they will combine, or beat to- 
gether, and give, among other components, 
one which has a frequency equal to the differ- 
ence of the two ai)plied frequencies. This 
difference frequency is known as the beat fre- 
quency. 

BEAT-FREQUENCY COMPONENT. The 

sum and/or difference frequencies ])rodiiced 
as a result of heterodyning. (See beat note.) 

BEAT-FREQUENCY OSCILLATOR. ( 1 ) 

Any eonventional oscillator whose function 
is to produce tlie signal to mix with a signal 
whose frc'fpjcney is to be shifted. Tims in a 
continuous wave receiver, it is the oscillator 
causing an audibh* boat, in the superhetero- 
dyne it is the oscillator causing the interme- 
diate frc(]uency beat. (See beat frequency.) 
(2) An audio frequency oscillator containing 
two radio frequency oscillalors, and sujiply* 
ing their beat frequency as its output. 

BEAT NOTE. The wave of difference fre- 
quency created when two sinusoidal waves of 
different frequencies are supplied to a non- 
linear device. 

BEATING. A phenomenon in which two or 
more periodic quantities of different frcc^uen- 
cies produce a resultant having pulsations of 

amplitude. 

BEATTIE AND BRIDGEMAN EQUATION. 
A form of the equation of state, relating tire 
pressure, volume, and temperature of a gas, 
and the gas constant. The Beattie and Bridge- 
man Equation applies a correction for reduc- 
tion of the effective number of molecules by 
molecular aggregation, due to various causes. 
It has been stated in more than one form, an 
example of which is: 


RTil - €) A 

P =: ^ i (V+B) 

y2 ‘ ^ y2 


in which P is the pressure, T is the absolute 
temperature, V is the volume, R is the gas con- 
stant and A, B and e are quantities defined in 
terms of five empirical constants, Aq, Bq, 
a, &, and c by the following relationships: 


c 

y 7^ 

BEAUFORT WIND SCALE. In the days of 
sailing vessels, Admiral Beaufort introduced 
a wind scale for judging wdnd force on the 
sails of a vessel. Beaufort numbers have 
since then been correlated to a range of wind 
velo<*ities, and tlio scale has conlimicd in uni- 
versal use for describing wind velocity. 


Code Nurnber 
0 
1 
2 

3 

4 

5 
0 

7 

8 
9 

10 

n 

12 


Wind Velocity 
(m.p.h.) 

0-1 
1-3 
4-7 
8 J2 
13-18 
19 24 
25-31 
32-38 
30-46 
47-54 
55-63 
64-75 
Over 75 


Deaeription 
Calm 
Lip:ht air 
laghl breeze 
Gentle breeze 
Moderate breeze 
Flesh breeze 
Strong breeze 
Motlerate gale 
Fresh gale 
StroriK gale 
Whole gale 
Storm 
IIuiTieane 


BECKMANN METHOD. See boiling point, 
methods of determining elevation of, and 
freezing point, methods of determining de- 
pression of. 


BECQUEREL RAYS. Radiation emitted by 
radioactive substances, discovered in early 
work on radioactivity by the action upon 
photographic plates. These rays were later 
named y-rays. 

BEER LAW (1852). If two solutions of the 
same salt be made in the same solvent, one 
of which is, for example, twice the concentra- 
tion of the other, the absorption due to a given 
thickness of the first solution should be equal 
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to that of twice the thickness of the second. 
Sometimes written 

I = 

where I is the intensity of light transmitted, 
/o is the intensity of the incident light, e is the 
natural logarithmic base, c is the concentration 
of the solution in moles per liter, x is the thick- 
ness of the transmitting layer, and a is the 
molar absorption coefficient. 

In general Beer's law is used for light of a 
particular narrow wavelength band and then 
a is the specular molar absorption coi'fTicient. 

The Beer law is also written 

I = 

wlicie f is know'n as the molar extinction co- 
efficient. Not all solutions obey the Beer law. 
(Sec also the Bouguer law.) 

BEL. A dimensionless unit for expressing 
tlie ratio of two values of power, the number 
of bels being the logaritlini to tlie base 10 of 
the jK)WTr ratio. With P\ and designating 
tA\o amounts of power and S the numb(*r of 
bels coiTcsiionding to the ratio /^/P 2 , 

iV = log,o (P 1 /P 2 ) 

BENARD CONVECTION CELLS. Wlien a 
layer of liquid is heateil from below, the onset 
of convection is marked by the appearance 
()^ a regular array of hexagonal cells, the 
IkIUhI rising in the center and falling near tlie 
wall of each cell. The criterion for the ap- 
pearance of the cells is that the Rayleigh num- 
ber sliould exceed 1700 (for rigid boundaries). 

BENCH PHOTOMETERS. Instruments for 
comparing the himiiious intensities of two 
sources (see photometry) by finding a point 
so located betw'ecn the two light-sources un- 
der comparison that the flux densities pio- 
dueed by them at that point are equal. The 
luminous mten&iti(‘s of the twm sources are 
then proportional to the scpiares of their dis- 
tances from that point. To this end, the two 
sources are mounted near the extremities of 
the scale of an optical bench, and on a mov- 
able carnage betw'ccn them is some device, 
called the photometer 'Tead,” for receiving 
and comparing the illiimmf tions from oppo- 
site directions. 

BEND (E-TYPE). A bend in a waveguide 
mode in the ^'lane of the electric field. 


BEND (H-TYPE). A bend in a waveguide 
mode in the plane of the magnetic field. 

BENDING MOMENT. The external bend- 
ing moment at any section in a beam is equal 
to the algebraic sum of the moments, about 
the gravity axis of the section. This defini- 
tion assumes that all of the external forces are 
coplanar, that is, act in one plane. An in- 
ternal resisting moment at any section is 
equal to the sum of the moments of the in- 
ternal .stresse.s about the gravity axis of the 
.section. The external bending moment acting 
on any section is numerically equal to the 
internal resisting moment but acts in the op- 
posite direction. External moments are posi- 
tive or negative depending upon the direction 
in winch they tend to rotate the section of the 
br^am under consideration (Cf. moment.) 

BENDING OF LIGHT. Conscciuence of 
general relativity theory (sec relativity the- 
ory, general), coupled wdth the identification 
(^f a null-geodesic as a pos^ihle path of a 
light ray, that a hglit path is eiirvod on pa^^- 
ing near a massive object For the sun, the 
theoretical value is 1 7o secf)nds, in much 
Ix'iter agn'emqnt wdth observation (^2") 
than tlie value .(S75 seconds derived from the 
Newdonian theory of gravitation. 

BENDING, UNSYMMETRICAL. The con- 
dition wdiich exists at anv cross-section of a 
flexural member (<^00 flexure) wdicn the plane 
of the loads contains the shear center but 
docs not coincide with either of the tw^o prin- 
cipal planes of bending is known as unsym- 
metrical bending. Under those conditions the 
flexure formula is not applicable because the 
neutral axis is not perjiendiciilar to the plane 
of the loads although it does pass through the 
center of gravity of the cross-section. 

BENHAM TOP. A disc bearing character- 
i.«?tic black and wdiite jiortions, which under 
certain conditions of angular velocity and 
illuminance, induces chromatic responses. 
(See Fechner's colors.) 

BERKELEY AND HARTLEY METHOD. 

The measurement of osmotic pressure by the 
application of a gradually increasing external 
pressure to the solution until the entry of 
solvent into the solution through the semi- 
permeablc membrane is just prevented. 
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BERNOULLI EQUATION. A first order 
non-linear differential equation 

ax 

It may be made linear by the substitution 
y = giving 

^ -h (1 - tt)/(.r)w = (I - 
ax 

BERNOULLI LAW (OR THEOREM). A 

statement of the law of the conservation of 
energy for steady flow of an in viscid fluid. 
If the fluid may be regarded as incompressible, 
the sum, p + (whore p is local 

hydrostatic pressure, kinetic pres- 

sure, and gh is the local gravitational poten- 
tial), is constant along any on«' streamline. If 
the flow is also irrotational, the sum is con- 
stant over the whole fhnv. The law may be 
g(‘neralized for compn'ssible flow. 


BERNOULLI NUMBER. A coefficient in the 
power series 


1 




n 0 

The first few numbers are /^o - 1; fh ~ — 

B, /I 7 0 ; 71, -- 

B(\ - » B^ — V;u> J ^ a) ‘ho;* 

They occur in the Euler^Maclaiirin formula. 
Variations in definition and notation ar< 
often found. 


BERNOULLI POLYNOMIAL. \ ( lufficient 
in the power series 

1) ^ 

(e^ — 1 ) w - 0 • 

The first few polynomials are <^2 = ~ 1)^ 

<^3 = - %.r + !/,);</>, = xH^- - 2j + 1); 

03 = x(x^ - -f ~ H)- Variations 
in their definition and the notation often occur. 

If the nth polynomial is expanded in a 
Maclaurin series, the coefficients are related 
to the Bernoulli numbers. 

BERTHELOT CONDENSATION METHOD 
FOR LATENT HEAT OF VAPORIZATION. 

A given amount of vapor is condensed in a 
vessel inside a water bath. The weight of 
the condensed vapor and the rise in tempera- 
ture of the water bath are measured. 


BERTHELOT EQUATION. A form of the 
equation of state, relating the pressure, vol- 
ume, and temperature of a gas, and the gas 
constant R. The Bcrthelot equation is de- 
rived from the Clausius equation and is of 
the form 


PV = RT 1 + 


9PT, / 

1 + (1 

L2SP, T \ 



in which P is the pressure, V is the volume, 
T is the absolute temperature, R is the gas eon- 
stant, Tf is the critical temperature, and Pc the 
critical pressure. 


BERYLLIUM. Metallic clement. Symbol 
Be. Atomic numbcT 4. 

BESSEL DIFFERENTIAL EQUATION. A 

second order cqmdion witli a regular singular 
point at — 0 and an irregular one at x = 00 

H* JCi/ + {x^ - n^)ij = 0 

where n is a constant. Its solutions, called 
cylindrical functions, are Bessel, Hankel, and 
Neumann functions. 


BESSEL FORMULA FOR INTERPOLA- 
TION. A central difference equation (see 
al^o difference, finite) 


//, ^ = M//H + 

+ ltd l/yi -f. 

4! 


The iiuh'peiulent variable x is eipially spaced 
so that (xn — xq) = nh and the desired value 
of y corresponds t<j x = Xq kn] v v — 

The other symbols are defined as follows: 

~ = (?/q + ?/i)/2; 

= + 5^"2 /i)/ 2. 


BESSEL FUNCTION. A solution of tlie 
Bessel differential equation. There are tliree 
kinds of Bessel functions but those of the 
second kind are also called Neumann func- 
tions and those of the third kind, Hankel 
functions. The Bessel function of the first 
kind may be defined by a generating fuiiction 
and by the infinite series 


Jn{x) = 


(tx/2)=»* 

V 2 / it^o fc!r(n -h fc + 1) 
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Provided n is not zero or an integer, the gen- 
eral solution of the differential equation is 
y = AJnM + where B arc con- 

stants of integration. In the integral case, 
Jn = J-n and the second linearly independent 
solution is a Neumann function. 

The Bessel functions of half-integral order, 
n 7n + Yi’y — 0, dtl, ±2, • • • are linear 
combinations of sin x and cos r. 

BESSEL INEQUALITY. If a function j{x) 
is expressible in terms of an orthonoimal set 
of functions (f>i using expansion ooefficients 

= f then the Bessel inequality states 



If fix) is integrable square, tlie sum of the 
square of the expansion coefficients is thus 
convergent. 

When the equality holds, the result is 
known as the Par.seval theorem. 

Both relations may also be written in vector 
form. 

BETA. (1) Coefficient of volume expansion 
(/8). (2) Plane angle (/?). fS) Relativity 

ratio (13). (4) See also beta-particle and 

beta-ray. (5) Ratio of speed to speed of 
light (yS). (6) The short-circuit current 

gain in a grounded-emitter, transistor ampli- 
fier (p — a/(l — a), where a is the current 
amplification) . 

BETA-ABSORPTION GAUGE. An instru- 
ment which measures the thickness or density 
of a sample by measuring the ahsoi'iition of 
p-rays in the sample. 

BETA DECAY. Sec beta disintegration. 

BETA-DECAY, DOUBLE. See double beta- 
decay. 

BETA DISINTEGRATION. A radioactive 
transformation of a nuclide wherein tlie 
atomic number is changed by +1 or —1, and 
the mass number is unchanged. When the 
atomic number is increased by 1, negative 
)S-particle emission occurs, and when the 
atomic number is decreased by 1, there is 
positive ^-particle (positron) emission or elec- 
tron capture. 

BETA DISINTEGRATION ENERGY. (1) 

The disintegration energy of a beta-decay 
process; s^T^'hol Qp. For negatron emission 


it is equal to the sum of the kinetic energies 
of the p-parlicle, the neutrino, and the recoil 
atom (usually negligible), and i? obtained 
experimentally from the maximum energy of 
the p-particle spectrum. For positron emis- 
sion, the energy equivalence of two electron 
rest-masses must be added to the aforemen- 
tioned sum, since the products include the 
positron and one negative electron in addition 
to the neutral product atom, the energy equiv- 
alent to their masses ultimately appears as 
radiant energy of annihilation radiation. For 
electron capture, the disintegration energy is 
equal to the sum of the kinetic energy of the 
neutrino and the electronic excitation energy 
of the product atom (usually, the binding 
energy, in the neutral product atom, of an 
(‘Icctrun equivalent to that which was cap- 
tured). 

(2) Often, implicitly, the ground-state /9-dis- 
integration energy, which is the total energy 
released in a ^-transition between isobars in 
their ground states; symbol It includes 

the energies of any 7-radiation and associated 
radiations following the /^-process itself. ^ 

BETA-EMITTER. A radionuclide that un- 
derg()(‘s disintegration by emission of a p-par- 
ticle. 


BETA FUNCTION. An improper integral 

B{m,n) = r w > 0, n > 0 

•^0 

and also called an Eulerian integral of the 
first kind. It can be expressed in teniis of 
the gamma function by the equation 


Bim,n) = 


r(m)r(70 

r(m -f n) 


BETA PARTICLE. A negative electron or 
positive electron (positron) emitted from a 
nucleus undergoing /^-disintegration. 


BETA RAY. A stream of p-particles. 


BETA-RAY SPECTRUM. (1) The distribu- 
tion in energy or momentum of the j8-particles 
(not including conversion electrons) emitted 
in a /?-decay process. The /?-ray spectrum is 
always continuous up to a maximum energy. 
Its shape depends upon the nature of the par- 
ticular ^-decay process. 

(2) Sometimes, and loosely, the energy 
spectrum of the electrons emitted by a radio- 



91 


Betatopic — Bias Telegraph Distortion 


active source, irrespective of their origin. In 
addition to the continuous spectrum of defini- 
tion (1), it may show lines due to internal 
conversion or to Auger electrons. (See Auger 
efFect.) 

BETATOPIC. Differing by, or pertaining to 
a difference by, unit atomic number. Thus, 
if one atom or element can be considered to 
form another atom or element, by ejection of 
an electron (beta-partiolc) from its nucleus 
(and thus increasing its nuclear charge by 
+ 1), the two atoms are betatopic. 

BETATRON. The betatron, invented in 1941 
by D. W. Korst at the University of Illinois, 
is an electron accelerator capable of i)roduc- 
ing electron beams of high energy as well as 
x-rays of e\ti*emely high penetrating power. 
This device differs from the cyclotron in at 
least two fundamental respects: firs{, tli(‘ elec- 
trons are accelerated by a rapidly- changing 
magnetic field, and second (lie circular orbit 
of the particles has a constant radius. 

During World War TI a SoO-ton betatron 
was constiucted by the (kmeral Electric Uom- 
jiany and put into use as a source of extremely 
lienctrating x-rays Tn tins instrument elec- 
trons accelerated to 100 mev mercy, and im- 
pinging upon a target, gi\e rise to x-rays 
capable of penetrating many feet of solid 
iron and lead, 

BETHE-HOLE DIRECTIONAL COUPLER. 
See coupler, Bethe-holc direclional, 

BETHE-SALPETER EQUATION. Kcpiation 
in quantized field theory de'^'Crihing tlie bound 
stale of two interactine: particles, formulated 
in a completely relativistic manner and em- 
ploying a relative time variable, 

BEV. Abbreviation for billion electron-volts, 
a unit of energy. 

BEVATRON. A six billion electron volt ac- 
celerator of protons and other atomic par- 
ticles, located at the University of California, 
Berkeley. The protons are first accelerated 
by a Cockcroft- Walt on transfonner cascade 
accelerator to 500,000 electron-volts. After 
deflection by a magnetic field, they are 
speeded up to 10 million electron-volts by a 
linear accelerator. At this speed they are 
inflected into the main unit, which consists 
of 4 quadrant segments spaced so that the 
particle orbits arc quarter-circles connected 
by 20-foot straight sections. This forms a 


*^race track^^ 385 feet long, in the field of a 
10,000 ton magnet, actuated by a motor- 
generator with a large flywheel, from which 
a peak power of 100,000 kw is drawn. The 
protons attain a speed equivalent to 6 billion 
electron volts. 

BEZOLDBRUCKE EFFECT. A shift in 
hue which is the result of a variation in 
luminance. The Bozold-Briicke effect may 
be rciircsented by chromaticity loci, of speci- 
fied luminance, with hue and saturation con- 
stant, when luminance, and consequently 
brightness, arc varied. It is a relationship, 
of psv< hophysieal nature, lietwecn psycho- 
physical specifications and colo" sensation 
attributes. 

BFO. Abbreviation for beat-frequency oscil- 
lator. 

BIANCHI IDENTITIES. The relations 

= 0 

between the covariant derivatives of the Rei- 
mann-Christoffcl tensor. 

BIAS. In electrical work, a voltage whose 
prm(‘ipal function is to locate the operating 
])()int on the characteristic of a piece of ap- 
paratus. Tlie term is most commonly applied 
to the grid voltage of a vacuum tube, in which 
ease it means I lie d-c voltage (other than sig- 
nal voltage) aj)i)lH*(l between the cathode and 
control grid of the tube. In tins connection 
the term C-bias is also commonly used. The 
bias may be obtained from a source of d-c 
voltage, from the potential drop across a re- 
sistor (cathode resistor) in the cathode cir- 
cuit or, when the grid earrios current, from 
the drop acrriss a resistor in tlic grid circuit. 
The first nuthod is called AmmI and the 
latter two self-bias. Bias is also used in teleg- 
raphy to indicate undesirable voltage addi- 
tions to or subtractions from the code signals. 

BIAS CELL. A small electric cell which is 
callable of supplying an open-circuit voltage 
of 1% or 1% volts indefinitely. 

BIAS LIGHTING. A method of increasing 
iconoscope smsitivity by illuminating the 
mosaic from the rear with a constant light- 
sourcc. 

BIAS TELEGRAPH DISTORTION. See 
distortiem, bias telegraph. 
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BIAS WINDINGS. Of a saturable reactor 
are those control windings by means of which 
the operating condition is translated by an 
arbitrary amount. 

BIAXIAL CRYSTAL. A birefringent crystal 
with two axes along which there is no double 
refraction. 

BICONICAL ANTENNA. See antenna bi- 
conical. 

BIDIRECTIONAL MICROPHONE. See 
microphone, bidirectional. 

BIDIRECTIONAL PULSE. See pulse, bidi- 
rectional. 

BIDIRECTIONAL PULSE TRAIN. See 
pulse train, bidirectional. 

BIFILAR REFLECTOR. See reflector, bi- 
fllar. 

BILATERAL TRANSDUCER. Sec trans- 
ducer, bilateral. 

BILINEAR CONCOMITANT. See adjoint 
equation. 

BILINEAR FORM. See form, bilinear. 

BILLET SPLIT LENS. A lens is cut into 
two halves by a cut jiarallel to the optical 
axis. By displacing the axes of the two halves 
slightly, overlapping beams from a slit source 
will form interference fringes. 

BIMORPH (BIMORPII CELL). Two piezo- 
elect iic plates cemented together m such a 
way that the application of a i)otential to 
tlietn causes one to expand and the other to 
contract, thus producing a bending of the 
combination. 

BINAC. One type of high-speed, electronic, 
digital computer. 

BINARY CELL. In computer w^ork, an in- 
loimation-stoimg element which can have 
one or the other of tw^o stable states. 

BINARY-CODED DECIMAL SYSTEM. A 

system of number rejiresentation in which 
the decimal digits of a number are expressed 
by binary numbers. 

BINARY NUMBER SYSTEM. A number 
system which use^" tvvo symbols (usually de- 
noted by “0^* and “1^’) and has two as its 
base, just v the decimal system uses ten 


symbols (^^0, 1, *••, 9’^ and the base ten. 
(See also positional notation and radix.) 

BINARY POINT. The radix point in the 
binary system. 

BINAURAL INTENSITY EFFECT. If 0 is 

the angle made wuth the median piano of the 
line joining tlie ears by a line drawm m the 
apparent din'd ion of a sound source, and if 
sound of the same fre(|uency and same phase 
is incident on both cars, then 

U 

6 = Ain 

Ir 

where II is the intensity measured at the loft 
ear, and la is Ihc intensity measured at the 
right ear. K is a frequency-dependent con- 
stant . 

BINAURAL PHASE EFFECT. If the sound 
intensity at the eais is maintained alike and 
differences in plia^e are inliodiued, there is 
an angular disiilacement 0 of tlic apparent 
.sound souree from the median plane T*lie 
relation between this angle and the phase dif- 
ference (f> is given by 

e - /v>, 

where K depends upon frecpiency. 

BINAXIAL CRYSTAL. See biaxial crystal. 

BINDING ENERGY. (!) Tlie energy re- 
quired to remove a particle or other entity 
from a system (See specific entries which 
follow' ) (2) The cneigy required to disperse 

a solid into its constituent atoms, against the 
forces of cohesion. In the case of ionic crys- 
tals, it is given by the Bom-Maycr equation. 

BINDING ENERGY, ALPHA-PARTICLE. 

I'he energy required to remove an a-particle 
from a nucleus. For spontaneous a-cimtters, 
it is the negative of the ground slate a-disin- 
tegration energy. For most light nuclides the 
a-particle binding energy is positive and is 
equal to several mev. For nuclides of mass 
number ^125, it is approximately zero. For 
nuclides of mass number /^150 to 200, it is 
negative hy to 3 mev, but the lifetimes 
for a-disintegration are generally too long for 
detection of a-activity. For most nuclides of 
mass number exceeding 200, the a-particle 
binding energy is negative by ^4 to 8 mev, 
leading to observable a-activity. 
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BINDING ENERGY, ELECTRON. The 

energy necessary to remove an electron from 
an atom. It is identical with the ionization 
potential. 

BINDING ENERGY, ELECTRON, TOTAL. 

The energy necessary to remove all the elec- 
trons from an atom to infinite distances, so 
(hat only the nucleus remains. It is equal to 
the sum of the successive ionization potentials 
of that atom. 

BINDING ENERGY, NEUTRON. The 

energy required to remove a single iieufjon 
from a nucleus. Most known neutron bind- 
ing energies are in the range 5-8 mev, though 
that for II is 2.23 mev, (hat for Be"^ is 1.67 
mev, and that for is 18 7 mev. 

BINDING ENERGY, NUCIEAR. The en- 
ergy that would be necessary to separate an 
atom of atomic number 7j and mass nuinlxT 
A into Z livdrogen atoms and A-Z neutrons. 
This ent'rgy is the energy equivalent of the 
(lilten'iiee between tlu* sum of the masses of 
the prodiid hydrogen at<jms and niMitroiis, 
and the mass of the atom, it includes the ef- 
fect of cU'ctronic binding. (See binding en- 
ergy, electron, total. ) 

BINDING ENERGY, PROTON. The ( nergy 
neci'ssarv ((? remove a single proton from a 
nuc](Mis. Most known ])ioton hn.ihng en- 
ergies aie in tlu‘ lanpe 5 12 mev, although 
that for U- is 2 23 me\ , that for IIc"^ is 11) 

UK v, and those for LT and Be*' are negligible 


'also permits the objectives to be set further 
apart than the eyepiece, it increases the 
“stereo powder’" of tlie instrument as a binocu- 
lar. (See binocular vision.) 

BINOCULAR VISION. The possession of 
two eyes sot at a distance apart, but with 
approximately jiarallel axes, enables us to 
obtain two view's from slightly different 
angles, and thus to become sensilile of the 
solidity of single objects and to get an idea 
of the actual distribution of different objects 
in space. In scmie manner the brain is able, 
through long expei'ienee, to blend the two dif- 
ferent sensory pietiiH's from the twm different 
ndinal images and to interpret O^c resulting 
.sensation m terms of ge )metrieal solidity. 
There is, however, a limit to the di.stanee at 
wdiieh this impre si(ui is iiereeptible, and for 
veiy distant objeets other factors nmst he 
relied ui)on, such as tlie aj)]iaront size (as of 
buildings or trec'-), or tlie opacity of the at- 
mosphere (as in viewing distant mount ain.s). 
In the absence of such factors, no estimate 
ot distance onn he formed; thus the stars all 
appear to he at the same distance This lim- 
iting “stcreo'-copic radius"’ is for normal, un- 
aided eyes, only a few' hundred feet, hut w'ith 
a binocular telescope, and especially with a 
prism binocular (see binocular, prism), it is 
increa'-cd in a ratio called the “stereo pow'er” 
(ff the instninK'nt 

BINOMIAL. A polynomial containing two 


BINGHAM EQUATION, A relationship 
which gives the fluidity (reciprocal viscosity) 
of mixtures of solutions of non-electrolytes: 

<j) = J 10 I + 

where 0 is the fluidity of the mixture, 0i and 
0/i the fluidities of the components, and Xi and 
Xff are the volume fractions of the components. 
The deviations from this relationship an* due 
to volume changes on mixing 

BINOCULAR. An instalment coiiii)o.sed of 
tw'o similar telescope.s, one for each eye. usu- 
ally W'ith focusing tubes controlled by a com- 
mun screw adju.stinent. 

BINOCULAR, PRISM. A binocular having 
a pair of right-angled, total -reflection {)risin8 
in each telescope. This arrangement shorUms 
the tube length, as compared with an ordi- 
nary field glass of equal powder, and since it 


BINOMIAT. COEFFICIENT. The coeffi- 
cient of the variable in a binomial series. The 

n\ 

(k {- l)th coeflicieiit of order n is , 

k\(n-k)\' 


usually designated by the symbol 



It 


(‘rjualh the number of combinations of n things 
taken /c at a time. Properties of the coeffi- 
cients include 



BINOMIAL THEOREM. A rule for ex- 
panding (x-l-2/)'', where w is a positive in- 
teger. The result is 
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(i + yY = a:" + nar” V 


+ 


- 1 ) „ n - 2,..2 


2! 




The (fc + l)th term is 





k 


varies inversely as the distance from the wire 
(see vector potential). If the current is i 
(abampores) and the distance r (cm), the 
intensity is given by the Biot-Savart law as 
II = 2i/r (oersteds). The Ampere law is 
sometimes called by this name, since either 
of the two laws may be deduced from the 
other. 


/n\ 


where is the binomial coefficient. 

BIOLOGICAL SHIELD. A sliield used to 
reduce the intensity of radiation transmitted 
to an amount permissible physiologically. 


BIOLUMINESCENCE. See discussion un- 
flor luminescence. 


BIOPHYSICS. The physics of biological 
[irocesses or phenomena. So ranch lias been 
learned in recent year.s to the nieclianisms 
of life functions that biophysics has taken 
its place along with biochemistry as an im- 
portant area of material science. 

Of course such matters as the dynamics of 
animal skeletons — with bones as levc'rs or tog- 
gle joint^i — liave always been cited in jibysics. 
Also the eye has long been recognizi'd as an 
optical, the ear as an acou^^tic, instrument. 
More recent is the identification of nerve re- 
sponses with electric currents. An exten‘^ive 
pliase of bioidiysics is the role of osmosis in 
vital processes such as secretion and respira- 
tion. 

Among the puzzling probhans of biophysics 
are the jihenomena of “biolnminescence/’ that 
is, the emission of light by living organisms 
such as the firefly and luminous fungi; and 
animal electricity, exhibited by such creatures 
as ilie electric eel. 

The uses of physical techniques in medical 
practice are closely related to this field; such 
for example as the applications of x-rays and 
radioactivity to diagnosis and treatment, and 
the various phases of electrotherapy and dia- 
theimy. 

BIOT-SAVART lAW. A law expressing the 
intensity of ilic magnetic field in the neigh- 
borhood of a long, straight wire carrying a 
steady current. If a permanent magnet is 
rigidly attached in any ji'vfition to a rod or 
frame which is capable of lotation about such 
a wire as an axi*, .t is found that there is no 
resultant torque about the wire. From this 
it is readi' shown that the field intensity 


BIPOLAR COORDINATE. A curvilinear 
coordinate system. Clioose two points dba 
on the A"-axis of a rectangular coordinate 
system. Tlien any point (x^y) in the Ay- 
plane could be measured in either of two 
polar coordinate systems where the jiolcs are 
at X la; the polar axis in both systems is 
the A'-axis; the two ])olar angles are 0-^] 
Ihc I wo rafliiis vectors are ri, Define the 
parameters t - 0^ — n = In ro/ri and, in 
forms of these parameters, 

a sinh t? <7 sin J 

cosh rj — cos J ’ cosh t? — cos f 

which are families of circU's along tlie A”- Hind 
I'-axes, respectively. Translation of iheso 
circles along the Z-a\is produces the bipolar 
coordmali‘s which are families of nglil cir- 
culnr evlindrical surfai'cs wuth a\es ])arallel 
to the Z-axis and c(‘nlers at ij - 0, .r 0, 
respectively ^ constant), where 

0 ^ f 27r; —oo < ?; < GO. 

The third surface is a plane perpendicular 
to the Z-axis (c constant). 

BIPRISM. See Young’s Interference Experi- 
ment. 

BIQUADRATIC. See equation, quartic. 

BI-QUARTZ. By placing two adjoining 
pieces of equal thickness of quartz, one 
dextro-, the other laovo-rotatory, over the 
analyzer in a polariscope, the accuracy of 
sotting can be increased. Such a double 
block is called a bi-quartz. 

BIREFRINGENCE. Double refraction or 

the splitting of a ray of incident light into 
two components wdiich travel at difTorent ve- 
locities. (See ordinary ray, and extraordinary 
ray.) 

BISMUTH, Metallic element. Symbol Bi. 
Atomic number 83. 
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BISTABLE. A circuit with two stable states. 

See scale-of-two, Eccics-Jordan circuit, trig- 
ger circuit, and multivibrator, bistable. 

BJERRUM DOUBLE BAND. When the ab- 
sorption spectra in the near infrared of many 
gaseous substances (e.g., HCl, IIBr, HI and 
CO, but not O2, No, and Ho) is observed with 
a thin layer of gas and small dispersion, only 
a single absorption ^‘line” (also called fun- 
damental band) is observed in the whole re- 
gion. However, with greater resolution, this 
“line” is found to consist of tw'o maxima close 
together, called the Bjerrum double band. 

BJERRUM THEORY. In the case of a mon- 
atomic gas, no energy is possessed other than 
that due to translational movement. As re- 
gards the rotation of the molecule as a whole, 
the potential eiu'rgy of rotation is negligible 
compared with the kinetic (‘nergv. In regard 
to utonijc vibrations the total vibrational en- 
ergy is OUT where 0 is a lunction (d the tem- 
peratuie T and of the vibration frequency v, 

BLACK BODY. This term denotes an ideal 
body w'hicli w'ould, if it existed, absorb all and 
n'flect none of the radiation falling u])on it; 
its reflcetivity would i)e zero and its absorp- 
tivity w’ould he Th(' chief interest at- 

tached to such a bofly lies in the character of 
the radiation emitt(‘d by it wIumi 1 ated and 
the laws which govern the relati(>ns of the 
(lux den-ity and the «‘pcctral energy distribn- 
lion of tliat radiation to the leuifx'ratmc. 

The total emi.s^ion of radiant (Miergy from 
a black body takes place at a rate expressed 
by the Stefan-Boltzmann (fourth-power) 
law; while its sp(‘ctral emu’gy distribution is 
described by Wien’s laws, nr more accurately 
by Planck’s distribution law, as well as by » 
number of other empirical law’s and formulae. 
(See thermal radiation.) 

The nearest approach to the ideal black 
body, experimentally, is an almost completely 
closed cavity in an opaque Imdy. The labora- 
torv type is usually a somew’hji elongated, 
hollow metal cylinder, blackened inside, and 
completely closed except for a narrow slit- in 
one end. When such an enclosure is heated, 
the radiation escaning through the opening 
closely resembles the ideal black-body radia- 
tion', while light or other radiation entering 
by the opening is alnu^st completely trapped 
by multiple reflection from the w'alls, so that 
the opening usually appears intensely black. 


*For this reason, black-body radiation is also 
often called “cavity radiation.” 

BLACK-BODY RADIATION. Radiation 
having a speciral distribution of energy ac- 
cording to the Planck distribution law and 
such as w^ould be given off by an ideal black 
body or complete radiator. The energy dis- 
tribution is a function of only the tempera- 
ture of the radiator. 

BLACK COMPRESSION (BLACK SATU- 
RATION). In telcviMon tlic reduction in 
gain applied to a picture signal at those 
levels corresponding to dark areas in a pic- 
ture with respect to the gain at that level 
coiTeh])on(hng to the mid-range light value in 
the i)k*turc. The gam referred lo in the defi- 
nition is for a signal amplitude small in cora- 
pari-^on with the total peak-to-}>eak picture 
signal involved. A quantitative evaluation 
of this effect can be obtained by a mea.sure- 
ment of (iiffert'ntial gain. The over-all effect 
of black comjircssion is to reduce contrast in 
the low lights of the pictui'e as seen on a 
monitor. 

"BLACK OUT” EFFECT. A temporary loss 
of sensitivity of a vacuum tube after a strong, 
^ho^t pulse. The effect is extremely variable 
from tube to tube, and its cause is not under- 
stood. It is a different effect from the block- 
ing action due to grid current flowx 

BLACK PEAK. In television, a peak excur- 
sion of the picture signal in the black direc- 
tion. 

BLACK I.EVEL. That level of tlie picture 
signal corresponding to the maximum limit 
of black peaks. 

BLACKER-THAN-BLACK REGION. In 

television, the region where (he blanking and 
synchronizing voltage.s are found in the. video 
signal. The voyages in this region prevent 
any elecrrons in the cathode-ray tube from 
reaching the viewing screen. The result is an 
ab''cnce of light on the screen. 

BLACKETT AND RIDEAL METHOD FOR 
SPECIFIC HEAT AT CONSTANT PRES- 
SURE. A continuous-flow method, based 
upon the determination of the temperature 
gradient along a tube through which tbe gas 
passes. 
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BLACKETT RELATION. Empirical rela- 
tion between magnetic moment fi and angu- 
lar momentum cr, 

/X ^ 

c 

(Cj — gravitational constant) valid for the 
earth, the sun and the star 78 Vir. 

That the relation represents a fundamental 
property of matter has not been esi ablished, 
and indeed since it was proposed slars have 
been observed with magnetic moments which 
vary with time. 

BLAGDEN LAW. The depression of the 
freezing point of a solution is, for small con- 
cent rat nms, propoiiional to the concentratiem 
of the dissolved sulistance. 

BLANK, FINISHED. Sec pic/oid. 

BLANKED PICTURE SIGNAL. In televi- 
sion, the signal resulting from lilanking a 
picture signal. Adding tlie sync signal to the 
blanked picture signal forms the composite 
picture signal. 

BLANKING. In television, the sub'-titution 
for the picture signal, during prescribed in- 
tervals, of a signal ^vliose instantaneous am- 
plitude is such as to make the return trace 
invisible. The t(‘nn is also applied in connec- 
tion with laboratory cathodc-ray oscilloscopes. 

BLANKING LEVEL. In television, that 
level of a composite picture signal which 
se})arates the range containing jiicture infor- 
mation from the range containing synchro- 
nizing information. The setup region is re- 
garded as picture information. 

Bl-ANKING SIGNAL. A wa\e constituted 
of recurrent pulses, related in time to the 
scanning process, used to effect blanking. In 
television, this signal is composed of pulses at 
line and field frecpiencies, which usually orig- 
inate in a central sync generator and are 
combined with the picture signal at the pick- 
up equipment in order to form the blanked 
picture signal. The addition of the sync 
signal completes the composite picture sig- 
nal. The blanking portion of the composite 
picture signal is mtended primarily to make 
the return trace on a picture tube invisible. 
The same blanking pulses or others of some- 
w'hat shortt: luration are usually used to 


blank the pickup device also. (See pulses, 
blanking.) 

BLATTNERPHONE. A name given to one 
form of magnetic wire recorder. 

BLAZE. It is now possible to rule diffraction 
gratings with lines of predetermined shape so 
that one side of the groo\e is a plane, called 
the blaze. 

BLEEDER RESISTANCE. A permanonily 
connected resistor across the output of a 
power supply. 

BLEMISH. Sec ion blemish, negative. 

BLIND SPOT. The i)lace on the retina of 
the eye where ilicre is a lack of siuiMtivity due 
to the entrance of the optic nerve. 

A B 

• • 

Look at A willi light eye from a distance of 
aboul 6 inches and B is not vi^ililc 

BLISTER. Collofiuiahsm for a radome. 

BLOCH FUNCTION. Jt can be shoun I hat 
the wave fundlion of an elect ron in a peri- 
odic lattice has the form 

where i/(r) has the jieiiodieity of the lattice 
(i e , IS the same in e\ery unit cell) and k 
IS the wave vector ot the electron 

BLOCH THEOREM. (1) The lowi^^t state 
of a (juantum-mceluinical systnn in the ab- 
sence t)f a magtu'tic field can eaiiy no cur- 
rent; an irrportant result for the theory of 
superconductivity. (2) The statement that 
cveiy electronic wuive function in a jieriodic 
structure can be represented by a Bloch 
function. (Bloch's proof w^as general for so- 
lutions of the Sehrodinger equation with a 
periodic potential.) 

BLOCH WAIX. The transition layer bc- 
tw'cen adjacent fei romagnotic domains mag- 
netized in different directions. The wall has 
a finite thicl.ness, of the order of a few hun- 
dred lattice constants, as it is energetically 
preferable for the spin directions to change 
slowdy Irom one orientaton to another, going 
tlirough the w'all, rather than to have an 
abrupt discontinuity. 
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Blocked Impedance — Bohr Radius 



Bloch wall (]}v poirnisMcm fiom “Tniioduc turn to 
Solid State Phv'ifs” by KUtell, CopMig;Iit 1953, John 
\\ ilov & Sons, Inc ) 


BLOCKED IMPEDANCE. The impedance 

of an olootionK‘(‘banical or elect roacouslical 
transducer as measured when the mechameal 
s\steiii IS blocked to prevent any motional 
impedance. 

BLOCKED RESISTANCE. The loal part of 
blocked impedance. 

BLOCKING. Tli(' inieriiifilion of plate cur- 
rent in a tube due to the applieatioii of a hic;li 
nmatne voltage W lien done intentionally, 
tins ma> be called blanking or gating. 


surrounding objects, the bringing of the hand 
near any of the circuit conductors will mate- 
rially alter the response of the circuit. Such 
effects can be minimized by shielding the cir- 
cuit and by appropriate grounding. 

BODY-CENTERED STRUCTURE. A type 
of crystal structure in vvhich atoms are lo- 
cated at the corners and centre of a cubic or 
rectangular cell. (Pee space lattice.) 

BOHM AND PINES METHOD. A tcch- 
nifpic for allowing for ttie Coulomb interac- 
tion between the condnetion electrons (see 
electron, conduction) in a metal. It is shown 
that the gas of eleetron^ behaves as a plasma, 
hrjMng I hara(‘t( iisiii- vibrations of long wave- 
hngths Init nearly eonstant freo^ueney, w’hile 
the int(‘iaetions )»etween individual ''doetrons 
are shielded out at all but «?liort distances. 
The method gives good values for binding 
energies, s[)efjfic beats, paramagnetic sus- 
ceptibilities, ete of simple metals, and the 
pla'-ma oscillations ha^e been observed by 
noting the energy lost by electrons passed 
through thin films of the metal 

BOHR FREQUENCY CONDITION. See 
Bohr theory of atomic spectra, Postulate 2. 


BLOCKING CAPACITOR, ^ce capacitor, 
coupling or blocking. 

BLOCKING OSCILLATOR. See oscillato% 
blocking. 

BLOOM (ON PHOTOGRAPHIC PLATE). 

A filmy layer tlejinsiied on a ]diotogra])hie 
plate by tap wuitei l^Miioved ])y gently rub- 
l)ing the jilate with wtt (ot^on 

BLOOMING. In cathode-iay tubes, the 
inu‘=‘liH'ommg of an cdectron beam fwilli con- 
sequent defocussing) jirodueed by too high 
M setting of the brightness control. 

BLUE GLOW. (1) A type of themolumi- 
nescence emitted by certain metallic oxides 
when heated. (2) The bluish luminosity of 
the gas near the cathode m a Geissler tube. 

BODY CAPACITANCE. The capacitance 
effect produced when the operators hand is 
brought near a vacuum-tube circuit. Since 
many of these circuits, especially those cm- 
l)loying timed circuits, are very sensitive to 
small changes in the capacitance coupling to 


BOHR MAGNETON. A unit of magnetic 
moment iisi'd in atomic physics (1) The 
eleitromc Bohr magneton is the most widely 
n^cd form of this unit, and is understood when 
not otlioiwiso designatefl. It is defined by the 
expression: 

juo = eh/ l7r?ner - 9 27 X 10“^^ ng gauss~^, 

where mo i'^ the eleolronie Bohr magneton, e is 
the elcetrouie eliarge, h is the Planck constant, 
m. is the rest mass ol the electron and c is the 
speed of light (2) The imcloar Bohr magneton 
is defined b^^ the exjiression: 


where M is the rest mass of the proton, and 
the other symbols have I he same meanings as 
those given for the expression for the electronic 
Bohr magneton. 

BOHR RADIUS. In its most common usage, 
this term Uc^ignates the radius ri of the orbit 
of the low'est energy in the Bohr model of the 
hydrogen atom Its value is given by the 
expression: 
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wliere h is the Planck constant, m* is the rest 
mass of the electron, and e is the electronic 
charge. Sometimes the term Bohr radius is 
used to designate the radius of any one of 
the permissible orbits in the Bohr model of the 
hydrogen atom. Its value is given by the ex- 
pression : 

Tn == — :; == X 0.529 X 10 ® cm 

iir nieC 

where n is the principal quantum number, and 
the other symbols have the same meaning as 
those given for the expression for above. 

1 

BOHK THEORY OF ATOMIC SPECTRA. 

Bohr based this theory of spectral series upon 
two postulates: Postulate 1. ‘'An atomic sys- 
tem can, and can only, exist permanently in 
a certain series of stales corresponding to 
a discontinuous scries of values for its en- 
ergy, and hence any change in the energy of 
the system, incknling emission and absorp- 
tion of eh‘ctrouiagnetic radiation, must take 
place by a comj)letc transition between two 
such states. These states will be called the 
stationary states of the system.” Po.stulate 
2. “That the radiation absorbed or emitted 
during a transition b('tweon two stationary 
states is monochromatic and possesses a fre- 
quency r, given by the relation hv ~ — A’n-” 

BOHR-WHEELER EMPIRICAL MASS 
FORMULA. S(’e mass formula, empirical. 

BOHR-WHEELER THEORY, An analyti- 
cal tlieory of the nature of nuclear fission and 
the conditions under which it might occur, 
based upon a li(]uid-dro]i analogy. One con- 
clusion was that if the ratio Z^/A exceeded 
45, no additional energy would be necessary 
to cause fission to take place. {Z = atomic 
number; A — mass number.) An clement 
having a ZVA ratio of 45 would have an 
atomic number of well over 100, so according 
to this theory, elements of atomic number ap- 
preciablj' higher than 100 are not stable, 

BOILING. The process of changing from the 
liquid state to the vapor stsLe, the term being 
restricted usually +o oases in which the vapor 
pressure of the liquid is equal to, or greater 
than, the atmospheric pressure above the 
liquid. 


BOILING MIXTURES, CONSTANT. Liq- 
uids consisting of two or more components 
which boil at constant temperature and distill 
without change in composition. Commonly, 
there is only one composition at which two 
particular liquids form a constant boiling 
mixture. (The proportions vary, of course, 
with the pressure.) Constant boiling liquid 
systems are also called azeotropic mixtures. 

BOILING POINT. The normal boiling point 
of a liquid is the temperature at which its 
maximum or “saturated” vapor pressure is 
equal to the normal atmospheric pressure, 760 
mm of mercury. If the pressure on the liquid 
varies, the actual boiling point varies in ac- 
cc^rdance v\ith the relation between the vapor 
pre.‘='Sure and the temperature for the liquid 
in question. (See vapors.) Water, for exam- 
ple, with a normal boiling jioinl of 100°C 
or 212 ’F, boils at ordinary room tempera- 
ture v^lien (lie pressure is reduced to about 17 
mra. If a solid is dissolved in the liquid, or if 
another, loss volatile li(|uid is mixed witlwit, 
the boiling point is raised to a degree ex- 
])resscd by the boiling point laws of van^t 
Hoff, Raoult, and others, (v^oe solutions.) 

A liquid do^s not necessarily begin boiling 
when the temperature reaches the boiling 
point. If ke))t ixTfectly quiet, and especially 
if covered uith a film of oil, water may be 
raised several degrees above its normal boil- 
ing point, before it suddenly boils with explo- 
sive violence; it then n'turns to its tme boil- 
ing point. (See ebullition.) 

BOILING POINT, ABSOLUTE. The boil- 
ing point on the absolute scale, numerically 
equal to tl.c boiling point in degrees centi- 
grade plus 273.16°. 

BOILING POINT, CONSTANT. The tem- 
perature at which a solution boils witliout a 
cliange in composition, at a definite concen- 
tration and under a constant pressure; the 
proportion by weight of the components in 
the vapor is the same as in the liquid. 

BOILING POINT ELEVATION BY DIS- 
SOLVED SOLUTE. For dilute solutions the 
amount of elevation is given approximately 
by the relationship: 



ni + na 
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where AT is the elevation in boiling point, k is 
a constant, and ni and ^2 arc the number of 
moles of solvent and solute respectively. 

BOILING POINT, MAXIMUM. Binary 
liquid systems which show negative devia- 
tions from the RaouU law have vajior pres- 
sure-composition curves at constant tempera- 
ture whicli pass through a minimum. For 
these systems the boiling point-composition 
curve at constant pressure passes through a 
maximum. At the maximum boiling point 
the liquid and vapor have the same composi- 
tion and such a solution (azeotropic solution) 
distils coinpktely without change in compo- 
sition or trmpcratiire. 

BOILING POINT, METHOD(S) FOR DE- 
TERMINING ELEVATION OF. In the 

Beckmann method a Beckmann-type ther- 
mometer is immersed in a weighed amount of 
solvent and the boiling point determined by 
gentle heating until a steady temperature is 
reached. A weighed amount of solute is then 
adde'd find the boiling point redetermined. 
The difl'orence giv(‘s the elevation of the boil- 
ing point. The glass vessel containing the 
liquid is provided with a platinum wire sealed 
through the bottom to promote .steady boil- 
ing and to prevent overheating, and reflux 
condensers are used to miiiiinize los^ of licpiid. 

In the Landsberger method, vapor from 
boiling solvent is passed through the solvent 
contained in another vessel and bv giving ir) 
its latent heat will eventually rjd^>e the li(piid 
to the boiling point. At this stage a weiglied 
amount of solute is added to the second vessel 
and the boiling jioint is again determined. 

In the Cottrell method, the thermometer is 
placed in the vapor phase above the surface 
of the liquid and the apparatus so dosigneo 
that boiling liquid is pumped continuously 
over the bulb of the thermometer. 

BOILING POINT METHOD FOR VAPOR 
PRESSURE. A simple method depending on 
the fact that a liquid boils when its vapor 
pressure is equal to the external pressure. 
The liquid is healed in a vessel which is con- 
nected through a condenser to a pump and a 
suitable manometer. ("Condensed vapor runs 
back into the liquid, and the pressure is con- 
trolled by the rate of pumping. The tem- 
perature of the liquid is adjusted unHl it 
boils. The method is applicable over a wide 
range of temperature and pressure. 


•BOILING POINT, MINIMUM. Binary liq- 
uid systems which have vapor pressure-com- 
position curves at constant temperature that 
pass through a maximum, give boiling point- 
cornposition curves at constant pressure that 
pass through a minimum. At the minimum 
boiling point the liquid and vapor have tlie 
same composition. (Sec maximum boiling 
point.) 

BOILING POINT OF SOLUTIONS. The 

solution of a nonvolatile substance in a Tui- 
uid lowers the vapor tension of the system 
and so raises the boiling point of tlu* solvent. 
In dilute solutions the effect 1-5 proportional 
to the molecular ndio between the solvent and 
solute but m concentrated solutions devia- 
tions Irom this rule occur. (See law of 
Raoult.) 

BOLOMETER. A very sensitive thermo- 
mctric inslrurnent of the metallic resistance 
type, devised by Langley and used for meas- 
uring feeble radiation. It consists of a slender 
strip of platinum mounted at the lower end 
of a long cylindrical tube having circular 
slops across it at inti'rvals to screen off all 
radiation except that to be observed. A slight 
amount of radiant energy falling upon the 
strip causes a measurable deflection in a sen- 
sitive galvanometer in the resistance bridge 
coupled v^ith it. The sensitivity of the in- 
strument is of the same order as that of the 
radiomicrometer of Boys When a bolometer 
tui)e is niounled a.s the receiving element of a 
sp(Tiroseope, instead of the u^ual observing 
telescope or camera, the instrument may be 
used to detect and measure the intensity of 
infrared spectral lines or bands. Very sensi- 
tivx* boloimders have been constructed, mak- 
ing use of the ra])id rcftistanee change when 
a metal becomes superconductive. 

In microwave tecdmologv, a barreter, ther- 
mistor or other device utilizing the tempera- 
ture coefficient of resistivity of some resist- 
ance eleuKMit is called a bolometer. 

BOLTZMANN CONSTANT. The constant 
k in the calculations arising in the develcjp- 
ment of the Boltzmann principle. The least 
squares adjusted output value of this constant 
is 

(1.38020 0.000022) X 10“^® erg deg 

The Boltzmann constant is equal to the 
ideal gas constant per mole (J?) divided by 
the Avogadro number. 
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BOLTZMANN FACTOR. A correction fac- 
tor applied to calculated line intensities in 
spectra due to thermal excitation. 

BOLTZMANN PRINCIPLE. A somewhat 
general law relating to the statistical distri- 
bution of large numbers of minute jiarticlcs 
biibject to thermal agitation and acted upon 
by a magnetic, an electric, or a gravitational 
Beld, or by inertia. Tlie nuniber of particles 
per unit volume in any region of the field, 
when the system is in statistical equilibrium, 
is given by the equation 

_ 

N = Noc 

Here E is the potential energy of a partiele 
in the given region, is the number per unit 
volume in a regi«)n of the field where E is 
zero, k is the Boltzmann eonstant (ideal gas 
constant per molecule), and T is the absolute 
temjieralure of the system of particles Such 
an oquilihriiim may exist, for example, in a 
mas«« of electrified colloidal particles kept in 
siis]i('nsion by their Brownian movement 
while acted upon bv an electric field. 

BOLTZMANN TRANSPORT EQUATION. 

The fundamental equation d(‘scril)ing the 
conservation of particles which are ditfusiiig 
in a scattering, absorbing, and multiplying 
medium. It states that the time rate of 
change of particle density is ef|ual to the rate 
of production, minus the rate of .leakage and 
the rate of absorption. * 

BOMBARD. To subject to tlie impact of 
particles or radiations, as is used in tlie pro- 
duction of other fiarticles or radiations, or 
in the transmutation of atoms. 

BOND. A symbol used to clenote the num- 
ber and attachments of the valences of an 
atom in constitutional formulas. The bond 
is represented by a dot ( • ) or line ( — ) drawn 
betw^een the atoms, as II-OTI or If— O— H 
Double and triple bonds arc used also and 
may express iinsaturation, particularly wdicn 
they join two atoms of the same element 
Fsxamplcs, --- C --0, Ho('--CH 2 , Ca- O, 

HCr^CH. The nature of the valence bond is 
considered to be electrical attraction attrib- 
utable to various distributions of the electrons 
around the nuclc* ' ^he bonded atoms. Vari- 
ous arrangements of this kind, and their in- 
fluence upc ^ ^he properties of the resulting 


compounds, are discussed for the special types 
of bonds which follow. 

BOND ANGLE. The angle between twm 
bonds in a molecule, eg., in water the bond 
angle is 109 5°, indicating that the lines join- 
ing the two hydrogen atoms to the oxygen 
atom meet at this angle. (Sec bond direction.) 

BOND, ATOMIC. A valence linkage be- 
tween atoms consisting of a pair of electrons, 
one of which has been contributed by each 
of the atoms bonded. 

BOND, COORDINATE. A term applied to 
various types of valence bonds. The most 
common usage occurs probalily in the ca'^e oi 
the semicovalcnt Ixind funned bctvxccn tv\o 
atoms l)v a pair of cic'ctrons, ])olh donated by 
one of tlie atonic, or in the speeial ease* of a 
coordmation-(y])e eoinpouiul, in which the 
primal y valences have already been satisfied, 
and in which the cooixlmate bond is foimed 
lat er. 

BOND, COVALENT. A type of linkage f)e- 
twTen atoms wherein each atom contrilnites 
one electron to a shared jiair that constitutes 
an ordinary chemical bond 

BOND, DATIVE. A type of covaliMit bond 
(sec bond, covalent) in wliicli botli olfTtrons 
forming the bonding pair arc snpjilied by one 
atom. An example is the forming of amine 
oxides between tertiary amines and oxygen, 
in wdiich both electrons w'cre donated by the 
nitrogen group Such bonds exhibit some 
polarity and are freipiontly called scmipolar 
bonds. 

BOND DIRECTION, OR ORIENTATION. 

(Vrtain covalent lionds (s('e bond, covalent) 
prefer to lie in jiaiticular directions wdth re- 
spect to the bonded atoms For example, the 
bonds from carbon point from th(‘ center to 
the vertices of a regular tetrahedron. (See 
directed covalent bond; bond angle.) 

BOND, ELECTROSTATIC. A valence 

linkage in which two atoms are held together 
by electrostatic forces resulting from the 
transfer of one or more electrons from the 
outer shell of one atom to that of the other. 
In this process the atoms are converted into 
ions of opposite charge which attract each 
other. The transfer of electrons is commonly 
in the direction that gives completed, or more 
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noarly completed, outer electron shells for 
botli atoms. 

BOND ENERGY. The energy characteriz- 
ing a chemical bond between atoms, as meas- 
ured by the energy required to disnipt it. 

BOND, HETEROPOLAR. A valance link- 
age, l)Gt\^een two atoms, consisting of a pair 
(»f electrons. Tliis bond is characterized by 
an unequal distribution of charge due to a 
displacement of the electronic-pair so that the 
(‘{feet of the bond is to make one atom differ 
m polarity from the other. 

BOND, HOMOPOLAR, A valence linkage 
between two atoms consisting of a pair of 
electrons that are held equally by both atom^^, 
so that no difference in polaritv exists between 
the atoms. 

BOND, HYDROGEN. A valence linkage 
joining two ( l(‘ctrouegati\e atoms through a 
liydiogc'u atom Since a sta])le livdrogm 
atom Cc'innot be associated witli more (ban 
two elections, the hydrogen bond may he iv- 
gauh'd as rei)res('n(ing a resonance plii'iiom- 
(non, by which it is altci natively attached 
to one or the other oi the two atom^. 

BOND, IONIC. S( e bond, electrostatic. 

BOND, METALIJC. A siiecial tvpe of bond 
existing in metals, in wliieli tlu’ valence elec 
Irons of the condituent atoms an’ free to 
move m the periodic lattice*. 'This lype of 
bonding accounts for the observed metallic 
projierties. 

BOND, MOLECULAR. A valence linkage 
between two atoms consisting of a pair 
oh’ctrons, both of which have been tuniishcd 
by one of the atoms 

BOND MOMENT. The i-lrctio-tatic ih- 
pole moment ol a clicnncal b'’nJ between 
atoms. 

BOND, SEMI-COVALENT OR BOND, PO- 
LARIZED IONIC. A valenre linkage wlufh 
is intermediate in chamelor between a purely 
ionic and purely covalent bond, with inter- 
mediate properties. Sueh bonds arise quite 
often if the constituent atoms have unequal 
electron affinities. 

BOND, SEMIPOLAR. See bond, dative. 


BdND STRENGTH. The energy required to 
rupture a given valence bond in a given mole- 
cule. 

BOND SYSTEM OF NOTATION. A system 
of notation proposed by Bond for the descrip- 
tion of the cut of a piezo-electric crystal. 

BONDING ORBITAL. A molecular orbital 

coupling two atoms m such a w^ay that the 
(‘uergy has a mminuim a due wdicn the inter- 
atomic distance is small, thus favoring a bond 
txdwTon them. 

BONE CONDUCTION. The process by 
which sound is conducted to Uie inner ear 
through the cranial bones. 

BOOST. To increase or am})lify. 

BOOSTER. An electrical booster is one of 
several types of devices inserted in scries in an 
electric circuit, to increase tlie voltage of that 
circuit. There are several uses to which the 
booster cim he put. It may be employed to 
eonipensatc for a lino \oltagc drop, or it may 
h(* ('ni])loyod to vary voltage in such a w'a}^ 
that constant current is maintained The 
boosting of d-c circuits is accomplished by 
iot<iting (fpiipment called booster generators. 
Tf this booster is driven by an olootric motor 
(lie set is called a motor-booster. The booster 
generator can be used to raise the line voltage 
at a fc’eder point on an electric traction 
s;s ^teni. ^ 

The b )oster transformer is sometimes iisecl 
in alternaUng-current circuits. On a simple 
single-phase circuit it boosts the line voltage 
l)v fonnecting the primary of the iiansformer 
across the line, and the secondary in series. 
The induction regulator is a fonn of booster 
transformer whose offc'ct is varifd by rotating 
one wmrimg with re-^iiect to the other. 

The t(‘rm booster is widely used as a col- 
]o(|uiahsm for an amplifier between the an- 
tenna and receiving set (especially a tele- 
xision set) antenna terminals. 

BOOSTER VOLTAGE. Tn the deflection 
ciixuits of tcle^dsion ri'ccivcrs, the additional 
d-c voltage added to the plate supply voltage 
by the damper tube. 

BOOTHROYD-CREAMER SYSTEM. A 
time-division multiplex modulation system. 

BOOTSTRAP CIRCUIT. A single-stage am- 
plifier in which the output load is connected 
betw^een the negative end of the plate supply 
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and tlic cathode, the signal voltage being ap- 
plied lietwccii the grid and the cathode The 
name “bootstrap’^ aiLses Irom the fact that a 
change m gud ^oltage changes tlie potential 
of the input souicc with icspect to ground by 
an amount equal to the output signal 

BORDA MOUTHPIECE, OR NOZZLE. An 

outlet from a coiitainei of iKpiid b\ a ^hort 
ic-enttaiit tube Tlie discharge coefficient of 
the Boicla mouthpiece is exactly onc-half, and 
a nicabuicment of the head and the oiificc 
aiea is sufFicient to compute the total flow 

BORN APPROXIMATION. Method of com- 
puting apjuoximately the w ive-functions and 
rross-se( lion in the quantum mechanics of 
collision pioocsscs, chiefly applicable when the 
intei action encigy b(.t\v(tn the colliding pai- 
ticles is '^mall compaied with then Kinetic 
energy Idius tlu fn^t Boin apfuoxunation 
con expends to Keeping tenns oi hist older 
in tlu inleiaction (luigy whuh is titated as 
a iieituibation to the Hamiltonian of the 
system 


the electromagnetic field is described by four 
vectors E, B, D, H, two of which are func- 
tions of the other tw^o. Leads to a finite 
energy for an electric particle, but it is not 
a unique theory and it does not lead to new 
results which may be compared with those 
of e\])enmcnt 


BORN-MAYER EQUATION 


U = 


a\^NA 


- + “o + ^0. 


This equation icpresents the binding energy 
of an ionic crystal as the sum of various temis 
The fiist lb the Coulomb energy of the lat- 
tue of charged ions Next comes the lepul- 
sne potential between the outer closed shell 
of the ions The thud term comes from the 
van del Waals forces of attraction between 
them CO IS a coii-^tanf, depending on the choiC( 
of the zero of oneigy In each case, r is a 
measiiie ol the mtei at omie dislance, or lat- 
tice constant, and its cquilibiium value makes 
V a Tmninuim • 


BORN-H\BER CYCLE. A cvelc of ehanges, 
(lu'mKal and jiln^ieal, applu'd to a diemical 
substance, commonly a eixstnlline metallic 
lialide to cileiilnte the (lee Iron affinities of 
ci'rtain atonic 'The stages melude the dis- 
sociation of the molciules of tlie crystal into 
gaseoii'^ ions, the ne iiti ah/ation of tliesc ions 
bv Itansier oi eleetrons fiom the negative lon'^ 
to the positne ones the condensation of the 
gaseous altuns to foim solid molecules of the 
two substanees (eg, met il and halogen), and 
the recombination of the solid molecules to 
refoTin the original cr\stalline ceanpound 
From this (}cle, it is possible to derive the 
equation 

7? = Q + >^ + — + /— ^ MX 

in which E is the election affinity of the halo- 
gen atoms Q IS tlie heat of formation of the 
compound, hs is the heat of sublimation of the 
metal, D is the heat of dissociation of the 
molecular halogen, 7 is the ionization poten- 
tial of the metal, and is the lattice energy 
of the ciystal (See Bom-Mayer equation.) 

BORN-HEISENBERG Ri PRESENTATION. 
Sec Heisenberg i (^presentation. 

BORN-INFELD THEORY. Non-linear 
modificatio Maxwell equations in which 


BORN-OPPENHEIMER METHOD. An 

aigumcnt for calculating the force constants 
between at oriis in a molecule oi solid, based 
on the e)l)‘^eT\atlon that the motion ol the 
elcM lions IS so rapid compaied with that of 
the hcaMoi nuclei that it can be assumed tliat 
the electrons follow the motion of the nuclei 
adiabatic ally That is, one calculates the 
eigenvalues of energy for the electrons with 
the nuclei in fixed positions, the vaiiation of 
this elec ironic cncigy with the configuration 
of the nuclei may them be tieated as a coii- 
tiibution to the potential energy of the inter- 
atomic forces 

BORON. Nonmelallic clement Symbol B. 
Atomic number 5 

BOSE-EINSTEIN STATISTICS. See quan- 
tum statistics. 

BOSE-EINSTEIN STATISTICS APPLIED 
TO PHOTONS. In the application of statis- 
tical theory to photons certain changes must 
be made from the assumptions of the classical 
Maxwell-Boltzmann statistics, namely: the 
number of photons is not fixed, although the 
total energy is fixed, and photons are not dis- 
tinguishable individuals Based upon these 
assumptions, the Bose-Einstein statistics ap- 
ply to photons. 
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Boson — Boundary Layer, Fluid Flow 


BOSON. A particle described by Bosc-Ein- 
stein statistics. (wSec quantum statistics.) 

BOTTOMING. The process of clamping the 
plate potential of a pentode at a low level 
by operating below the knee of the E^/Ip 
characteristic. A triodc ui)erate(l in the posi- 
tive grid region may be operated in a similar 
manner. 

BOUGUER LAW (1729) (LAMBERT LAW 
OF ABSORPTION). In materials that are 
homogen(‘ous siicli as glass or clear lirpnds the 
absorption of radiant energy dei^ends on the 
thickness in accordance with the Bouguer law, 

(U 

— or I == 

dx 

where I is the intensity of light transinitted, 
To ia the mtensit}’’ of incident light, x is the 
thickii(‘.ss of transmitting layca*, and k is 
known as tlio absorption coefficient, and i- 
equivalcsit to yr oi Ihe Beer law. The 
Hoiigiua’ law was first set foilh by Boiigiu'r, 
but was redi-»covered by Lambeit, and is fn*- 
(^iieiitly culled tlie I.ambd’t law of abso]])tion. 

ff writieri 

I - /olO~% 

a is known as the extinction coefficient of the 
substance. 

Tliese law^s may be a])pli(Ml to a narrow' 
band of wa\t'lengths, giving th(' specular co- 
cfTicieni of absorption or the ’■jx'ciilar (‘\tinc- 
tion cocflicient according to tlie form of the 
ccjiiation used. 

BOUNDARY CIRCT.ES. In impedance 
matching, circles of constant standing-wave 
ratio W'hich rejii’c'scnt the bemndarie's of all 
transformation circles whicli may be- traiLs- 
f or mod to the definition circle. 

BOUNDARY CONDITION. Spee ified values 
of the solution to a differential equation and 
its derivatives foi' certain values ol the inde- 
pendent variables w'hich make the solution 
acceptable, usually in order to satisfy some 
conditions imposed for physical reasons. Por 
a total differential equation, tho bountlaiy^ 
conditions specify the values of the arbitrary 
constants in the general solution. In tlie case 
of a partial differential equation, the bound- 
ary conditions affect the form of the solution. 
Sometimes boundary values lead to eigen- 
functions. Commonly occurring types of 


boundary conditions arc those of Dirichlet, 
Neumann, Cauchy, homogeneous, and stand- 
ard. 

BOUNDARY CONDITION, HOMOGENE- 
OUS. As applied to a partial differential 
equation, these conditions consist of the spe- 
cification of the value of the function <f>(s) 
and its normal derivative N (s) along a bound- 
ing surface in such a 'vay that A<l>{s) -(- 
JkVis) - 0. \Vh(‘n + BN(s) = F{s) 

the (‘OTifhlions are inhomogeneous. In cither 
case, they aic called Cauchy boundary con- 
ditions. 

BOUNDARY CONDITION, STANDARD. 

When applied io the Schrddinger equation of 
c|uantmn mecliiimcs, tins condition n^cpiires 
that tli(' wav(' t’ nc^ion and its derivative 
\aniMi at mfinily. 

BOUNDARY, P-N. \ surface in the transi- 
tion region bctuiM'ii P-Lype and N-type ma- 
t(‘ria! at whicli the donor and acceptor con- 
(*cnt rat ions arc (‘(pial. (See seinicoiiduclor, 
N-type; semiconductor, P-type; donor impur- 
ity; and acceptor impurity.) 

BOUNDARY lAYER, FLUID FLOW. Mo- 

ti<ni ot a fluid of low' viscosity, such as air or 
wat(*r, around a sialionai\ body or through 
a stationary conduit ])o^scssi*s (he free velocity 
oi au id(‘al llui<l e\(‘iywheie e\e»‘pt in an ex- 
tremely dnn layer immccliat(‘]y next to the 
.-staticriaiw bod}. Alaiiy of llu‘ phenomena 
of fluid flow may be stiahed and analyzed 
without coTi^idoraliun ot lliiv boundaiy layer, 
bill, thin a< it may b( (usually a «‘W thou- 
sand; h^s ol an inch), it^ internal mechanics 
niu-i be understood and iwaluati'd in certain 
of the phenomena of fluid motion. Some of 
tlic inoic imjiortant of these arc: 

1. The magnitude of tin* maximum lift co- 
clhcicnt of the airfoils. 

2. Profile drac of airfoils. 

3. The drag of bluff bodies. 

4. Tlie large variations (ff drag coefficient 
at critical Kcynolds number for laminar- 
turbulent transition. 

5 The transfer of heat through surface 
films. 

Many ot the phenomena of the boundary 
layer are explainable on the basis of the the- 
ory advanced by Prandtl at th(3 great Uni- 
versity of Gottingen laboratory nearly half 
a century ago. In the same flow-research 


Boundary^ P-N — Boyle-Charles Law 
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^roup were otliors, like Blasius, who broad- 
ened and experimentally confirmed the orig- 
inal hypotheses. 

BOUNDARY, P-N (SEMICONDUCTORS). 

A surface in the transition region between 
P-lype and N-type material at which the 
donor and acceptor concentrations arc equal 

BOUNDARY METHOD, MOVING. See 
moving boundary method. 

BOUNDARY METHOD, SHEARED. See 
sheared boundary method. 

BOUNDARY SCATTERING (OR BOUND- 
ARY RESISTANCE). In thermal conduc- 
tion in solids, at low^ tenip('ratures the phonon 
mean free path nuiy become so large tliat it 
c\c('eds the dimensions of Ihe ’-fieciinen In 
this case, the conductivity is limited by scat- 
tering of the i)h()nons by tlio liouiulanes, and 
appears to dejx'iid on tlie size of ihe .samfde. 

BOUNDED. A function such that for all 
values of the function, f{z) <M, where M 
IS a real ))ositi\e number, is said to bo bounded 
from above When i{z) > M {M negative), 
it IS bounded from below. When |/(::)| < 
the function is of bounded variation Similar 
definitions are applicable when j{z) is re- 
])Iaeed by a set or sequence. 

BOURDON GAUGE. A de vice for measur- 
ing pressme in which a jiositivc preshure dif- 
ference between the outside and inside of a 
eiirsTd tube of flattened section tends to 
stiaighten it The mo\emcnt iiiay be linked 
to a dial and pointer indicator, altliougb other 
methods of indication are used 

BOW NOTATION. Bowl’s notalion is a 
standard inetliod of representing, by letters 
of the alphabet, forces and stresses in graph- 
ical analysis. This analysis may consist of 
such problems as tlie graphical solution of 
stresses in simple framed structures or the 
determination of the resultant of an inde- 
pendent system of un])alanced forces lying in 
ihe same plane and having a common point 
of application The accompanying figure il- 
lustrates the method of applying Bow^s Nota- 
tion to the latter system Let Pi, P2, I\ and 
P4 be a system of unbaL^rced forces lying in 
the sam(‘ plane "*nd having a common point 
of application. 1 * ’note the space between the 
line of action of each force by the letters A, 
B, C and 7 Next construct a figure called 


a force polygon. This is accomplished by 
drawing a line parallel to Pi and laying off 
its magnitude to a definite scale denoting the 
ends of the line bv the letters a and b. From 
point b la\ off hr equal m magnitude and 



Force System Force Polygoa 


])aiallel to Rc])cat the opcualioii lor the 
other ioree^-. L pon compli t ion ot tins graph- 
ical figiiie it will b(‘ loimd, in gciu'ial, that 
the hnt‘ repiesi'iiinig I\ will not p Uiiougli 
point a. The distance Irom })omt a to I'rid ol 
tins line, which will be Icttend c, rei)iesents 
the value of the resultant of Pi, Pj, P*? and 
according to tlic scale used The direction 
of ae dcteriniiK'S the line of action of thevn'- 
sultant Thus, in Bowl’s Notation a force in 
space IS designated by the space letters on 
either side of it, whereas the forces as part of 
the force jiolygon are named by tlie lettu'^ 
at their extremities Thi^ notation is further 
illustiated m the accompanying figure 

^BOX-CAR” I.ENGTIIENER. A pulse- 
lengthenmg eiicmt whi(’h li*ngthens a series 
of pulses witliout changing their height. 
Ideally, it produces flat-lofiped piihes ]iro- 
longed tiuoughout the interval between pulses 

BOYLE-CHARLES LAW. The Boyle law 

expresses the variation of presume aiul vol- 
ume of a body ot ideal gas at constant tem- 
jK'iatiirc; the Charles law expresses the pro- 
portionality of pressure to ab-,ulute tempera- 
ture (at constant volume), wdiile the Gay- 
Lussac law' siateh the proportionality of vol- 
ume to absolute temperature (at constant 
pressure) . 

A single statement covering all these rela- 
tionships is the Boyle-Charles law, wdiich 
leads to, or is a fonn of, the ideal gas law. 
Its mathematical expression may be written: 

pv = PoVoil + at), 

in which po^o is the value of pv at temperature 
i = 0, and a is the vohune coefficient of expan- 
sion for the gas in question. If the centigrade 
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scale is used, a is for all gases approximately 
equal to 3^73 or 0.0036()3 per centigrade degree. 

BOYLE LAW. (Mariotte law, law of Boyle- 
Mariotte.) At constant temperature the vol- 
ume of a gas varies inversely as the pressure, 
and the ])ressurc varies Inversely as the vol- 
ume. In other words, the product of the pres- 
sure and volume of a gas is constant at a 
given temperature. This law holds onl}' for 
the ideal or perfect gas; all real gases depart 
from it to a greater or lesser extent. 

BOYLE TEMPERATURE. The tempera- 
ture, for a given gas, at which tlie Boyle law 
is most closely o})eye(l in tlic lower pressure 
range. Al this temperature the minimum 
])omt (of infhetion) in the pV~T curve falls 
01 ) the })V axis. 

BRA VECTOR. The dual ni a ket vector, 
deno(erl])y tlie symbol ^/^|. The scalar product 
of a bra and a ket is the ])raek(‘t 

BRACE-LE.MON SPECTROPHOTOM- 
ETER. A speetro])hoT('metcr which has two 
idi‘u(i(‘al colliiiialors, in one of which are set 
two (Jlan ])olarizing prism®, one fixed in azi- 
muth while the other may be rotated. The 
disiiersivc' element is a Brace prism. 

BRACE PRISM. A comiionnd pri-*m made 
of tvo 30-d( gree prisms. On oiu* of these is 
dejiosited an opacpie coat (d suitable metal 
of higli n'fiectiiig iiower which covers only 
part of tlie pi ism-face. The two jiiisms are 
then sealed together with Canada balsam so 
that the reflecting coal is between (he tw'O 
halves of the compound prism. 

BRACHISTOCHRONE. The < haraeteristie 
curve along which a particle wull slide from 
one jioirit to another under the influenee of 
gravity in the least possible time, friction 
being neglected. The formal solution is ob- 
tained by an application of tlic calculus of 
variations. The curve has the mathematical 
form of a cycloid. 

BRACKETT SERIES. A group of lines in tbe 
infrared spectrum of atomic hydrogen repre- 
sented by the formula: 

p = litj (-\ - 

\ni 

in which P is the wave number, Rh is the 
Rydberg number for hydrogen (109,677.591 


Boyle Law — Bragg Law 

cm“^), rii is 4, and 712 has various integral 
values. 

BRADLEY ABERRATION METHOD. Be- 
cause of the finite ratio between the velocity 
of light and the velocity of the earth in its 
orbit, a teloscoiie aimed at a star must he 
pointed slightly foiwvard in order to correct 
for the forward motion of the telescope wdiile 
liglil is moving the leiiglh of the felescope. 
Bradley (172 m fouinl tlu^ iiiaximuin angle of 
aberration to be about 20.5 seconds of arc. 
This combined wdth the velocity of the earth 
in its orbit gives the apjiroximate velocity of 
light. (See, however, the Airy experiment.) 

BRAGG ANGLE. Sec Bragg equation. 

BRAGG CURVE. (DA graph tor the aver- 
age number of ioiu jht imit dishinee along a 
beam of initially montienergelie a-particle.s, 
or other ionizing particles, jiassing tlirough a 
ga®. (2) A gra})hieal relationsliip between 
the average sjiecjfic ionization of an ionizing 
particle oi a particular kind, and some otlier 
varialile, such as the kiindie energy, the 
residual range, or the vedoeity of Die [larticle. 

BRAGG EQUATION. See Bragg law. 

BRAGG LAW. 11 u‘ hnv expressing the con- 
dition under wdiich a crystal will lefleet a 
beam of x-rays w’itli maxinmin distinctness, 
at the same time giving the angle at wdiich 
the reflection take.® place. This law^ is also 
xalid for the rcflcctitai of do Broglie W’aves 
a'>sociatcd with electrons, [irotons, neutrons, 
etc, For x-ray reflection it is customary to 
us*^* the complement of the angle of incidence 
and reflection, that is. the angle wdiich the 
incident or the refleetcMl beam makes wdth 
the cr>>tal planes, rallur than w’llh the nor- 
mal. Led this “Bragg angle” be 0. If the 
planes or hive’> of atoms are sjiaeed at a 
distance d a]>art. and if A is the w^avelength 
nf the x-rays, Braga’s law i® expressed b'y the 
eepiation 

7 }\ 

sin 6 = — 

2d 

The condition for an intensity maximum is that 
Ti must be a wdiole number. For example if the 
pianos of rock salt parallel to the natural eiibie- 
cal faces are spaced al e/ = 2.81 1 X 10“® cm 
or 2814 x-units, and if the incident rays have 
a component of wavelength X = 714 x-units, 
the above equation gives sin ^ = 0.1269n. 
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Then if the crystal is rotated slowly, there will 
be a distinct reflection when 6 reaches 7° 17' 
(n = 1), again at 14° 42' (n = 2), also at 
22° 23' (n = 3), etc. 

BRAGG METHOD OF CRYSTAL ANAL- 
YSIS. A l)cam of x-rays is directed against a 
crystal, and its atoms, because of their lattice 
arrangement, reflect the rays as would a series 
of pI«no surfaces The measurements of the 
diffraction patterns formed by the reflected 
radiations furnish a means of calculating the 
spacings between the atomic planes, if the 
wave length of the x-rays is known. 

BRAGG RULE. An empirical relationship 
whereby the ma^s stopping power of an ele- 
ment for ot-i)artielos is inversely j^roportional 
to the one-half ])Owcr of the atomic weight. 
This relationship is also stated in the fonn 
that the atomic stopping power is directly 
proportional to the one-half power of the 
atomic weight. The vide usefulness of the 
Bragg rule is due to the fact that it lends to 
relations between the stoiiping powers of dif- 
ferent elements for a-]nirtio]es. Tt also ap- 
plies to other eliargod ])articlcs as well as 
a-particles, and to tlie same degree of approxi- 
mation. 

BRAGG SPECTROMETER (OR IONIZA- 
TION SPECTROMETER). An instrument 
for the x-ray analysis of crystal structure, in 
which a homogeneous beam of x-rays is di- 
rected on the knovn face of a ciy\stal, C, and 



the reflected bciou defected in a suitably 
placed ionhation chamber, E. As the crystal 
is rotated, the angles at which the Bragg 


equation is satisfied are identified as sharp 
peaks in the ionization current. See figure. 

BRAGG TREATMENT. The discussion of 
the diffraction of x-rays by crystals in which 
it is shown that interference between rays re- 
flected from successive atomic planes leads 
to the Bragg equation. (See Bragg law.) 

BRAKEFIELD OSCILLATOR. A positive- 
grid, electron-tube oscillator usable to 10,000 
megacycles. 

BRAKE HORSEPOWER. The mechanical 
output of an engine, turbine, or motor is called 
the brake liorscjiowcr because one of the most 
common methods of testing for mechanical 
outj)ut is with the Prony brake. However, 
the output available at the shaft is called 
brake horsepower whether measured by brake 
or not. Tor example, wl}en an engine drives 
an electric generator by direct connection, the 
liorsepow'cr available at the eouj)Iing betwaHui 
tlie machines is termed biake horsepower, but 
W'oiild not, under these eireumstanecs, ^be 
measured by a brake. In the ease of direct 
connected electric generating sets, the brake 
bor^e])ower of the prime mover is found by 
dividing the ('leetrieal output from the gen- 
erator, converted to horse])ower, by Die efli- 
eieney of th(‘ generator The result is the 
general 01 input, which is Die same as the 
mechanical output of the prime mover. 



To measure brake h()rsc‘p()W’er by a Prony 
brake, readings of the weight registered on 
the scales and the speed of rotation of the 
brake drum are taken. In addition, the meas- 
ured distance from the center of rotation to 
the force on the scales must be knowm. These 
ciuantities are substituted in the following 
fonniila to obtain brake horsepow’er: 

2TrWRN 

Brake horsepower 

33,000 
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Braking, Dynamic — Breeding Ratio 


W — net load on the scales, in pounds. 

R = radial distance in feet to the line of ac- 
tion of the force registered on the 
scales. 

N = rotative speed, in revolutions per minute. 

The W of the above formula is less than 
the load actually recorded on the scales be- 
cause the tare weight must be deducted from 
the scale reading to give net effective weight. 
The tare weight is an allowance for the fact 
that the arm of the Prony brake itself gives 
some reading on the scale due to its unbal- 
anced position, relative to the center of rota- 
tion. The tare weight is that weight which, 
acting at the scales, will give the same mo- 
ment about the center of rotation that the 
unbalanced dead weight of the brake would 
produce, 

BRAKING, DYNAMIC. Braking an electro- 
mechanical Systran involving jin (dectric 
motor, by forcing the motor to act as a gen- 
erator and tluis to absorb rotational energy". 

BRANCH (ARM). A portion of a network 
consisting of one or more two-teniiinal ele- 
ments in series. 

BRANCH POINT. (1) When a function, 
is multivaliHHl, it possoses cci'tain discontinui- 
ties called branch points. Analytic continua- 
tion betwa'cn two points wdll tli(‘n give differ- 
ent values for fiz) it the two paths include 
a branch point. Branch points alvAays occui 
in pairs. The line jfiining tliem is a branch 
line and a contour crossing a branch line 
changes from one set of values of fiz) to an- 
other. The two (or more) indeiiendent values 
of fiz) are its branches. The values of the 
different branches of f{z) are identical at a 
branch point. Sec also Riemann surface. 
(2) See node. 

BRANCH TRANSNHSSION. The transmis- 
sion of sound in a tube or conduit containing 
one or more side branches. 

BRANCHING. In radioactivity, branching 
denotes the occurrence of more than one modp 
of radioactive disintegration of a radionuclide 
An individual atom of a nuclide exhibiting 
branching disintegrates by one mode only. 

BRANCHING FRACTION. In a radio- 
nuclide undergoing disintegration by more 
than one mode, the ratio of the number of 
atoms disintegrating by a particular mode to 


the total number of atoms disintegrating (per 
unit time), is the branching fraction for the 
particular mode of disintegration. 

BRANCHING RATIO. The ratio of two spe- 
cified branching fractions. 

BRASHEAR-HASTINGS PRISM. See prism, 
Brashear-Hastings. 

BRAUN TUBE. An early form of cathode- 
ray tube. 

BRAVAIS LATTICE. See space lattice. 

BRAVAIS-MILLER INDICES. A modifica- 
lioii of the Miller indices suitable for describ- 
ing hexagonal crystals. In this system, three 
axt’s are takcuj, perjicndicular to the hexag- 
onal axis and at angles of 120^ to one an- 
other. The symbols then consist of the rc- 
cifirocal int(TC(‘i)ts on tlie.^e axes, followed hy 
(he reciprocal intercept on tlie hexagonal axis, 
all roducod to integers, e.g., (0001). The first 
tin CO indices are not indepenJeni but must 
add to zero. 

BREAKDOWN VOLTAGE. The voltage 
necessaiy to cause the jiassagc of appreciable 
electric current wuthout a connecting conduc- 
tor. It commonly us(‘(l to express the volt- 
age a( which an insulator or insulating mate- 
rial fails to wdthstaiul the voltage and ceases 
to behave as an insulator. 

BREAK-IN KEYING. Se(‘ keying, break-in. 

BREAK IN OPERATION. A communication 
system which jierniits the receiving operator 
to break-in or interrupt the iransihission at 
any time. 

BREAKOFFSKI. A colloquial expression for 
a device used to connect two parts of a glass 
vacuum system. The tw^o paids are separated 
by a thin membrane or tip of glass, which 
may be broken by droi)ping a weight onto it. 
The weight is often made of iron, so that it 
can be lifted by a magnet and then dropped. 

BREAK POINT. A point in a program at 
wdiich a spe^'ial instruction is inserted wdiich, 
if desired, wdil cause a digital computer to 
stop for visual chock of progress during the 
initial checking of a problem. 

BREEDING RATIO (NUCLEAR REAC- 
TOR). The number of fissionable atoms pro- 
duced per fissionable atom destroyed. 
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BREIT-WIGNER FORMULA. An tqiialion 
relating the cross section <t of a particular 
nuclear reaction to tlic energy E of the inci- 
ilcni particle «nd the energy 7i’o of a resonance 
level of the cornpoujid nucleus vvluai E is close 
to Eo In the special case where only one 
resonance level is involved, the Breit-Wigner 
formula is 


o'(a,lb) = (2/ + 1 IttX - — 




{E - + ilTf 


where (T{ii,l)) is the cross section for the re- 
action involving the capture of particle a and 
the (‘mission of particle h, Fa is the partial 
width of the energy level for the mode of 
disintegration in which the incident particl(‘ 
is rc-cmitled without loss of energy, is the 
partial width of this energy level for the nuKle 
of disintegration in which particle b is emittcnl, 
F is tlic total width of the en(‘rgy level, 
X A/27r. where A is the do Broglie wave- 
length of the incid(‘nt particle, and / is the 
orbital angular momentum quantum number 
of th(' incident partich*. (See level width.) 


BREMSSTRAHLUNG. A German word, 
im^aninir literally “braking radiation,’’ denot- 
ing the [iroccs.s of producing an electromag- 
netic radiation (or the radiation itself), by 
the aceel(Tation that a fast charged particle, 
such as an electron, undergoes when it is de- 
flecteil by another chaiged ]iarticle, such as 
a nucleus. The n'sulting radiation has a 
etmtinuous spectrum, as exemplified by the 
continuous x-ray spectra. Out(T hremsstrah- 
liing is a term a[)plied in cases w’here the 
enc'rgy loss by radiation excet'ds greatly that 
by ionization as a sto|)ping mechanism in 
matter; a ))henomenon s(‘en clearly for elec- 
trons W’ith energie.'^ above 50 mev. Inner 
bn'insstrahlung i» a t(‘rm apjilied to com- 
paratively infre(pient processes oecurriiig in 
p -disintegration, and n’sulting in the emis- 
sion of a photon of energy less than (or equal 
to) the maximum tmergy available in the 
transition. The abriqit change in the electric 
field in the region of the nucleus of the atom 
undergoing disintegration sometimes results in 
the production of a photon, in a manner sim- 
ilar to the emission of a nhoton in the ordi- 
naiy (outer) bremsstrah'>’ng process. In 
both negative elc''+ron and positron emission 
the photon en(Tg 3 obtained at the expense 
of the electron-neuuron pair, and the spectral 
distribution k creases continuously wuth in- 


creasing energy of the /^-particles. In elec- 
tron capture, the photon energy is obtained 
at the expense of the neutrino, and the spec- 
tral distribution is greatest at about one-third 
of the normal neutrino energy, reaching zero 
at zero energy and at tlie normal neutrino 
energy. Botatropic substances sometimes ex- 
hibit a weak railiatioii w’ith continuous spec- 
trum that is due to both outer and inner 
brcmsslrahlung, or to one of tlicm alone. 

BREWSTER ANGLE. The Brewster angle, 
or polarizing angle, of a dielectric is that 
angle of incidence for which a wave polarized 
parall('d to the plane of incidence is wdiolly 
transmitted (no ndlection ) . An unpolarized 
w^ave incident of this angle is theiefore re- 
solved into a transmitted })artly-]K)larized 
component and a ndlceted perpcuidicnlarly- 
polarized component. (Sc'c Brewster law.) 

BREWSTER FRINGES. In a singk* Fabry- 
Perot inlerferomeler, it is not pract ic*:ihle to 
observe fringes with white* light. However, 
tw'o raI>Ty-P(‘rot int( rfrromc'ters in .^('?ies a^d 
with their plain's not (piite paralhd will form 
white-light fringe's if the air-sjiace's of the 
tw’o ar(‘ very accurate, integral multiples of 
each other, 

BREWSTER LAW. In 1815 Sir David 
Brewster discovered that for any dic'lectric 
reflector there is a simi>lo relationshi}) be- 


t Angle of Incidence 
or 

Brewster’s Angle 



Brew^ster IjAw 

A, Incident plane (plane of polarization or plane of 
magnetic vector, after reflection); B, Plane of vibra- 
tion (plane of electric vector, after reflection) ; C, 
Reflecting surface (dielectric). 

tween the polarizing angle (see polarized 
light) for the reflected light of a particular 
wavelength and the refractive index of the 
substance for the same w'avelongth. The re- 
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hitionship is that the tangent of the polariz- 
ing angle is equal to the refractive index. For 
example, if the refractive index of flint glass 
for sodium light is 1.66 the polarizing angle 
for the reflection of sodium light by this glass 
IS 60° 56<. 

BRIDGE. As used in this book, the word 
bridge without qualification means an elec- 
tric bridge. (See bridge, electric.) 

BRIDGE AMPLISTAT. See various bridge 
eirciiits listed for amplifier, magnetic. 

BRIDGE, ANDERSON. A six-element modi- 
fication of the ]\Ia\well-\Vien bridge (see 
bridge, Maxwcll-Wien) which has t^vo indc- 
])endent balance conditions. It is used for 
measuring inductance in terms of capacitance 
and resistance. 

BRIDGE, CALLENDAR AND GRIFFITHS. 

A slirlc-v/ire bridge (see bridge, .slide-wire) 
for (lie measurement of a four-terminal, re- 
.sistiiiice t h(M*moineter. 

BRIDGE, CAMPBELL. A bridge specifically 
(Ic'-igned for the comparison ol mutual in- 
ductances. 

BRIDGE, C\MPBELT..COI.PITTS. An a-c 

bri(lg(' fU'MgJU'd to measure capacitance by 
(lie substitution method. 

BRIDGE, CAPACITANCE. A bridge for 
comparing two capacitances. 

BRIDGE, CAREY-FOSTER. A form of 
\\ la'atstone bridge (see bridge, Wheatstone) 
adapted to the measurement of the difTerenee 
})et\veen tw^o nearly equal resistances, with 
the elimination of errors due to the connec- 
tions. The bridge is of the slide-wire type 
(the ordinary 4-ga]) form is easily adapted to 
the purpose); the resistance p of tlie slide 
wire per unit length being accurately knowm. 
X and S are to be conj])ared (P('C figure.) 



Diagram of Carey-Foster bridge circuit 

A balance is first secured with the contact C 
at a distance ai from M. Then X and S are 
interchanged, and another balance obtained 


with C at distance a 2 from M. It may then 
be shown that 

X — S = (flj — a2)p. 

The Gallendar and Griffiths bridge is a special 
ty])e of Carey-Foster bridge used wdth re- 
sistance thermometers. (See also bridge, 
Heydweiller.) 

BIUDGE, ELECTRICAI. The electrical 
bridge is a iemi reforriiig to any one of a 
varitdy of electric networks, one branch of 
wdiich, the ‘d)ridge’' proper, connects tw’o 
points of ('qiuil potential and hence carries 
no current wdien the circuit i'^ profierly ad- 
jus((‘d or ‘fiialanced.” This is wtU dlustrated 
by, the Wheatstone bridge and the Carey- 
P’ostcr bridge for measuring resistances. 
Among many oihc'<‘ im])orlant special types 
may be mentioned the following: the decade 
bridge, of the Wheatstone typo, in wduch the 
ratio coils are decimal multiples of an ohm; 
the jiercentage brhlge, in wdiieh a change of 
ime division on tlie slidc-wdro scale corre- 
sponds to a change of 1% in the ralio of the 
(‘ompared resistances; the Callendar and 
Griffiths bridge, a special adaptatiem of the 
Carey-Foster type; tlie Thomson (Kelvin) 
double bridge, having eiglit ariri'^ and u.^ed 
for comparing low^-rcsistam o ‘standards; the 
Wien bridge for a-c capacities, the Nernst 
high-frequency capacitance bridge, anr] the 
farad bridge wliich reads caparitanccs directly 
in farads: the iiidiutance bridge and the 
Heaviside mutual inductaiua' bridge; the res- 
onance and the Maxwell bridges for com- 
parison of inductance with cajiacitarico; and 
tlu' frequency bridg(‘, resembling the Wheat- 
stone bridge but u^ed for th(‘ measurement of 
alternating current frequencies. 

BRIDGES, FERGUSON CIASSIFICATION 

OF. Most special bridge circuits for measur- 
ing resistance, capacitance, inductance, or fre- 
quency are special cas(\s of the four-arm 
(Wheatstone) bridge wuth complex imped- 
ances in the branches. It is desirable that 
the bridge be balanced by adjustments on 
only tw’o elements, and that the effects of 
these adjustments be independent. The equa- 
tions for balance may contain the impedances 
of the (two) fixed branches as a ratio (ratio- 
arm bridges) or as a product (product-arm 
bridges). These tw'o categories can be sub- 
divided according to whether the ratio (or 
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product) is pure-real or pure-imaginary at 
balance. 

BRIDGE, FREQUENCY. Any bridge in 

which the balance depends on frequency may 
be used to measure frequency. The Wien 
bridge (see bridge, Wien) is commonl}^ used 
for this piirpo'^e. 

BRIDGE, HAY. A modified Maxwell-Wien 
bridge (see bridge, Maxwcll-Wicn) suitable 
for measuring high-Q inductors. 

BRIDGE, HEAVISIDE. A bridge designed 
to measure mutual inductance, which is sim- 
ilar to tiio Wheatstone bridge. 

BRIDGE, HEAVISIDE CAMPBELL. A 
bridge designed for tlie comparisiui of self- 
and mutual inductances. 

BRIDGE, INDUCTIVE-RATIO. A frair- 
anu bridge in which ilie t\\o adjacent fixed 
arms an* ck)HC'ly-couplod indutdors. 

BRIDGE, I IE YD WEILLEU ( AT.SO 

CALLED CAREY-FOSTER BRIDGE). A 
bridge for the comiiarison of ca])aci(an(‘e 
with mutual induelaiieo. 

BRIDGE, HOOPES CONDUCTIVITY. A 

niodilicatioii of the Kelvin double bridge (see 
bridge, Kelvin double) designed for the rajiid 
(leterrmuaiion of tlu' eonduetivity of wire 
feanii)les. 

BRIDGE, KELVIN. A double bridge for the 
iiieasureinent of very low resistances, 

BRIDGE, KELVIN DOUBLE. An arrange- 
ment for measuring four-terminal ^e.si^^tol^s in- 
dependently of lead and contact resistance. 

BRIDGE MAGNETIC AMPLIFIER. See 
magnetic amplifier, bridge. 


BRIDGE, OWEN. A bridge for the deter- 
mination of inductance in terms of capaci- 
tance and resistance, wuth the advantage of 
being useful, over a very wide range of in- 
ductance, witli reasonable-size capacitors. 

BRIDGE RECTIFIER. A full-wave recti- 
fier circuit arranged as shown. 



of full-wiive rectifier circuit 


BRIDGE, SCHERING. A bridge designed 
for llie measurement of eaf)acitancc and di- 
electric loss. It is particularly useful for 
iweeision measurements on capacitors at lov/ 
voltage, and for the study of insulation at 
liigh voltage. ^ 

BRIDGE, SLIDE-WIRE. See bridge, 
Wheatstone. 

BRlDGli, STdROUD AND OATES. The 

conjugate of tlie Anderson britige (secj bridge, 
Anderson) obtaiiK'd by interchanging the de- 
tector and voltage sup[)ly. 

BRIDGE, WAGNER EARTH (GROUND). 

An addition to almost any a-c bridge to pre- 
vent eiTors, due to stray eapacitance, in meas- 
uring liigli im})edanees. The addition consists 
of a potentiometer connected across the oscil- 
lator, with the movable tap grounded. It may 
also be necessaiy at high frequencies t(^ shunt 
the potentiometer witli a double-stator ca- 
pacitor. 


BRIDGE, MAXWELL M L. A bridge 

for the comparison of a mutual inductance 
with the sclf-inductancc of one of the coils. 

BRIDGE, MAXWELL-WIEN. A bridge for 
measuring inductance in terms of capacitance. 

BRIDGE, MUELLER, A bridge for measur- 
ing four terminal resistors, particular resist- 
ance thermometers. 

BRIDGE, MUTL^AL INDUCTANCE, A 

modified Maxwob Wien bridge (see bridge, 
Maxwell-Wien) for measuring mutual induc- 
tance in te..as of resistance and capacitance. 


BRIDGE, WHEATSTONE. One of the sim- 
plest and best-knowm bridge networks for 
measuring electrical resistances. Referring 
to Fig. 1, let Ri be the unknown resistiiuce 
and i?2 a known resistance, preferably not 





h1i|- 


Fig. 2 

Sketches of simple and four-gap Wheatstone bridge 
circuits 
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very different from 22i, in terms of which Ifi 
is to be measured. i ?3 and ii 4 , called the ratio 
arms, are two other resistances wdiicli may be 
varied continuously or by very small stages 
and the values of which arc knowm, either in 
ohms or relatively to each other. From C to 
D is the bridge proper, containing a galvanom- 
eter. To measure i^i, tlic resistances and 
R 4 arc adjusted until the galvanometer sliows 
no current, wdiich means that and 1 ) are at 
the same potential. It lluai readily follow's 
from the law of potential drop that — 

Rs’.Rif and hence Ri R 2 R-,\/Ri. Fig. 2 
shows a ‘^slide-wire” form ha^mg a graduatul 
resistance wire and four gaps. Tlie Carey- 
Foster bridge is a special type of Wheatstone 
bridge. 

BRIDGE, WIEN. Wien bridge-circuit. 

BRIDGED-T NETWORK. See network, 
bridged-T. 

BRIDGING. The shunting of one eleetricMl 
eireuit by anollKT, 

BRIDGING GAIN. Tlu' ratio of the power 
a transducer delivcTs to a specified load im- 
pedance under specified opera! irig condition^', 
to the power dissipated in !he reference im- 
pedance aeios-s which I lie ininit of the trans- 
ducer is bridged. If tlu^ iiijiut and d>r ont- 
[)ut })ower consist of more than out eonipci- 
nent, such as multifreqneney signal or noi'^e, 
then the particular coni[)onenis used and tliei»* 
w^eightirig must be specified. This gain is 
usually expressed in decibels. 

BRIDGING LOSS. The ratio of tlie power 
dissipated in the reference impedance across 
which the input of a transducer is bridged, 
to the pow'cr the transducer d(‘livers to a 
specified load impedance uinler specified oper- 
ating conditions. If the input and/or out- 
put pow’cr consist of more than one compo- 
nent, such as multifreqneney signal or noise, 
then Ihe particular components u-ed and their 
W'eighting must bo specified. This lc)ss is 
usually expressed in decibels. In telephone 
practice tliis term is synonymous w’ith the 
insertion loss resulting from bridging an im- 
pedance across a circuit. 

BRIGHTNESS. The attribute of visual per- 
ception in accordance with w^hich an area ap- 
pears to emit more or less light. Luminatire 
is recommended for the photometric quantity, 
which has been called ‘‘brightness.” Lumi- 


nance is a purely photometric quantity. Use 
of this name permits “brightness” to be used 
entirely with reference to the sensory re- 
sponse. The photometric quantity has been 
often confused with the sensation merely be- 
cause of the use of one name for two distinct 
ideas. Brightness is the term to be used, 
properly, in nonciuantitative .Matements, espe- 
cially w'llh refereni'c to sensation.s and per- 
eeiilions of light. Thus, d is correct to refer 
to a hrightupsb niateli, ev<m in the field of a 
photometer, because the semsations are 
male her I and onl}'^ by intra’cncc arc the pholo- 
inel no (luantiiies (Ininiiuinecs) equal. Like- 
wise, a pholcmuder in which such matches are 
made should pro]Kniy be called an “equality- 
c)f-l)riglitii(‘!-s“ j)hotoincter. A photoelectric 
instrnmi'ut, calibrated in foot-larni)ert8, should 
not he called a ‘‘.)iightness meter.” If cor- 
reeily ealibraterl, it is a “luminance meter.” 
A tronhlesruiu' ])aradox eliminated by the 
aeee])(erl di^linelion of nomenelalnre. The 
luininanec of a Mirfara' may be doubled, yet 
it now Is pel inissible lo say that the bright- 
ii(‘s,s ih not doubled, siiiee tlie sensation which 
is calk'd “brigldne^s” is generally |udged to 
bo not doubled. 

BRIGHTNESS CHANNEL. The use of this 
ttini s1h)u]( 1 be avoided. (See monochrome 
channel; luminance channel.) 

BRIGHTNESS CONTROL. The manual 
bias control of a cathode-ray tube. The 
brightness conlrol affects both the average 
brightness and the contrast of the picture. 

BRIGHTNESS SIGNAL. See monochrome 
signal. 

BRILLIANCE. Brilliance is that attribute 
of any color in rcsjiect of wdiich it may be 
classed as ecpiiviilent to some member of a 
series of greys ranging between black and 
w’hite. Yellow is the most brilliant color in 
the spectmin of w'hite light. 

BRILLOUIN EFFECT. Upon the scatter- 
ing of monochromatic radiation by certain 
liquids, a doublet is produced, in which the 
frequency of each of the two lines differs 
from the frequency of the original line by 
the same amount, one line having a higher 
frequency, and the other a lower frequency. 

BRILLOUIN FUNCTION. In the quantum 
theory of paramagnetism, a quantum-me- 
chanical analog of the Langevin equation 
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(see Weiss theory; Langevin formula) 
developed by Brillouin, with the following re- 
siiK : 


io 


2J+1 ^ 

ctnh 

2J 


(2J + l)a 
2J 


— ctnh a/2J 
2J 


where o = Jg&{TI + NIt)/kT, P is the Bohr 
magneton, eh/^irmc, J is the momentum (juan- 
tum numlier, and 


2nic magnetic moment 

e angular momentum ^ 

{g is 1 for orbital motion alone; 2, when the 
moment is duo entirely to spin). 

BRILLOUIN ZONE. In the band theory of 
solids the various clcetrc>nic states belonging 
to a band may bo classified according to their 
wave vectors. If tliese vectois are taken io 
be position vectors in 'Tc-siiace” it is found 
tliat they all lie inside a ecTtain polyhedron 
Such a polyhedron is called a Brillouin zone, 
and can oflen be consirucii'd nu'ndy from 
consideration of the crystal latlice and its 
^’yminetry. In the study of comi)lcx iiadals 
and alloys, whore there maj' bo several over- 
lapping bands, tlie geometry of the zones 
plays an important role. 

BRITISH THERMAL UNIT. Unit of ^^ork 
or eiUM’gy, al)I)rc\iated BTU. The energy 
j‘e(juii(*d to raise the teinjK'ratiire of one pound 
of water Ihi’ough a temperature ri-^o of one 
dc'gree Fahrenheit without any vaporization. 
When gi eater precision is needed, the tem- 
peraturc rise is specified as from 89°F to 4Q'’F. 

BROADSIDE ARRAY. See antenna array, 
broadside. 


BROOKES POTENTIOMETER. See po- 
tentiometer, standard-cell comparator. 

BROWN CONVERTER. A relay desired 
to operate as a voltage-operated swdtch in a 
contact-modulated amplifier. (Sec amplifier, 
contact-modulated.) 

BROWN RECORDER. A recording instru- 
ment wdiich records the voltage applied to its 
input on a moving tape. The instrument is 
of the ix)teii(iometer type, and is much used 
with infrared .sjx'ctrometers. It is made by 
the Browm Instrument Division of the Min- 
neajmlis-IIoneywell Ck)rp. 

BROWNIAN MOVEMENT. The irregular 
and random movenuuil of small particles siis- 
])enfled in a fluid, discovered by Robert Browm 
in 1827, and now' knovMi to he a consetpieTice 
of the thermal motion of fluid molecules. 
The motion is canned by statistical fluctua- 
tions of pr(‘ssure over the surface or (he par- 
ticle and tlu' distribiitinn of particle velocity 
similar to that of a gas molecule of t^e 
same wanght as the particle. 

BRUSH. A d(‘vice f('r (a)ndiicting enrient t(^ 
or Irom a rotating pan The hrush is station- 
ary, and is liold and guidi'd by a fi\('d brii^h 
holder in which it ^lidi's Ircelv. Idii'n' may 
bo several bruslu's side* by side to form a 
siiigh'-brush std. The rotating member may 
be the commutator of a d-c generator or mo- 
tor, or it may be the slip rings of an a-e 
motor or generator. Other examiiles of 
brushes arc those used in magnetos and static 
electricity machines. 

BRUSH DISCHARGE. See ionized gases. 


BROMINE. Non-mctallic liquid element. 
Symbol Br. Atomic number 35. 

BROMWICH CONTOUR. An integration 
jiath, u&ed in the calculus of residues. It ex- 
tends from c — ICO to c -|- foo, where c is real 
and positive and the path is so chosen that all 
singularities of the complex function arc to 
the left of it. 

BRONSON RESISTANCE. The resistance 
formed by two electrodes in a gas which is 
exposed to a constant ionizarion source. 

BROOKES DEFLECTION POTENTIOM- 
ETER. See potentiometer, Brookes deflec- 
tion. 


BUBBLE CHAMBER. A vessel filled wdth 
a transparent liquid so highly superheat ( m 1 
that an ionizing particle moving through it 
starts violent boiling by initiating the growth 
of a string of bubbles along its path. Its ap- 
plications are similar to those of a cloud 
chamber. 

BUBBLE GAUGE. A small liquid-contain- 
ing traj), installed in a gas line, which pennits 
the rate of gas flow to be determined by 
counting the number of gas bubbles, as they 
move through the liquid. 

BUBBLE OVERVOLTAGE. See overvolt- 
age, bubble. 
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BUBBLE RAFT. An elegant means for vis- 
ual demonstration of the properties of dislo- 
cations in metals. A raft of hubbies floating 
on soap solution takes a structure that may 
be described as a two-dimensional crystal, 
and when deformed it is observed tliat slip 
takes place by the propagation of disloca- 
tions. 

BUBBLE PRESSURE. The pressure within 
a bubble of gas in liquid is greater than the 
pressure in the surrounding Ikiuid by 2y^R 
where y is the surface tension and 7? the 
bubble radius. If, as in a soa]) bubble, a 
bubble of gas is separated from tlie surround- 
ing gas a thin film of li(iuid, the pressure 
difference is twdcc this value. 

BUCKING COITi. A eoil so connected to 
jirovidc a demagnetizing eficct oti another 
eoil. An exainjile is the hinn-biieking eoil in 
an (‘leetromagiu'tic l(nids])('aker where powder 
sup])ly pul^alions are buckl'd out by the 
bucking coil. 

BUCKLEY GAUGE. An extremely sensitive 
pn'ssure gauge', based on moahurement of the 
amount of ionization piodueed in the gas by 
a specified current. 

BUCKLEY METHOD FOR OBTAINING 
INTERFERENCE PATTERN^: WITH 
HIGHLY-CONVERGENT LIGHT. In this 
arrangement, light from a pnijoction lantern 
falls upon a Polaroid plate or film (the j) /- 
larizer) and is then siroiigly converged bv a 
lens system such as the Abbe condenser. The 
third element of apparatus in the train is a 
doubly-refracting crystal, and tlieii the only 
additional ajiparatus necessary is a second 
piece of Polaroid (the analyzer), followed 1 v 
a screen. A good-size image of the interfer- 
ence pattern appears on the screen. 

BUCKLING. A measure of the curvature of 
the neutron density distribution. In a bare 
homogeneous reactor, the geomeli'ic buckling 
is that curvature needed for the reactor to be 
critical, as determined from its geometrical 
configuration, whereas the material buckling 
is the curvature obtainable in that material. 

BUCKLING, GEOMETRIC. In reactor the- 
ory, the lowest eigenvalue that results from 
solving the wave equation 


with the bounrlary condition that the thermal 
neutron flux, 0(r) = 0 at the (extrapolated) 
boundary of the sysU'm. The geometric buck- 
ling B/ is a property only of the geometry, 
i.e., th(' size and shape, of the system. 

BUCKLING, MATERIAL. An obsolescent 
term for (or 77,,,^ in conformity with 
in the foregoing (‘(illation) winch is dependent 
only upon the material and composition of tlu' 
medium Huw('ver, the geometric buckling, 
oi the critical system of a specified shape 
is cfiual to the material buckling, 77 of the 
given imilti])lymg medium. 

BUDAN THEOREM. Used in locating the 
real roots ot a polynomial equation. Let 
P(.r) - 0 be Ih*' T)olynomial ,of degree n 
with real eoi'fTioicnts. I^et a and b Ixi real 
niinib(‘rH, neither of which is a root of 
P(.t) -- 0, and suppose that a < b. Let Va 
denote the number of variations of sign of 

Pir), P’ix), ■■■,P^"\x) 

for X = a, after vanishing terms have boon de- 
leted, and similarly Vh the number of varia- 
tions for X — b. Then \\ — Vf, is either the 
number of real roots of P(x) = 0 betw^oen a 
and h or exa^eeds the number of these roots by 
a positive (‘ven integ(‘r. A ro(jt of multiplicity 
tn is h(*te counted as ni roots. 

BUDDE EFFECT. Tlie increase in volume 
of halogens, (specially chlorine and bromine 
vapor, on exposure to light. It is a thermal 
effect, due to the heat from recombination of 
atoms. 

BUFFER. A substance that enables a system 
or entity to resist changes in conditions, me- 
chanical sh()(‘ks, addition of foreign sub- 
stance'-, etc l^lxampJes are: (1) An isolating 
cireiiil us('d to avoid reaction of a drivf'n cir- 
cuit uj)on the corresponding driving circuit. 
(2) A niTiiil having an output and a multi- 
plicity of infuits so designed that the output 
is (uiergized whenever one or more inputs are 
ei^ergizcd. Thus, a buffer performs the cir- 
cuit function which is equivalent to the logi- 
cal “or.’^ (3) In physical chemistiw, a buf- 

fer is a substance which, upon additmn to a 
system, renders the hydrogen ion concentra- 
tion resistant to, or less sensitive to, addi- 
tions of acidic or alkaline substances (see 
buffer solution). There are other chemical 
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buffers, however, sucli as the oxidation-re- 
duction buffer, w'hich tends, in the same way, 
to stabilize the oxidation-reduction potential 
of a system. 

BUFFER AMPLIFIER. See amplifier, buf- 
fer. 

BUFFER SOLUTION. A solution whose 
pH is changed only a relatively small amount 
by the addition, wdtliin limits, of acids and 
bases — even strong ones if the amount added 
is Hiiiall. Solutions of w’eak acids or bases or 
their salts, such as phosphates, borates, etc., 
are buffer solutions. 

BUG. Collo(|uialism for a code-trauvsinitting 
key w^hich is scmiiautomatic in its operation. 
Lever movement in one direction causes a 
single dash, while movement in the opposite 
direction activates a spring contact that sends 
a series of eciually-spaccd dots. 

BUILDING-OUT SECTION. A stub used 
for tuning or matching ])urposcs. 

BUILDING-UP PRINCIPLE. The ])ostulate 
that the totality of the eleetronic terms of an 
atom or molecule can be ol^taincd by succes- 
sive bringing together of the parts. In an 
atom this building-up may he accomplished 
only in one way, i.c., liy adding the electrons 
successively to the nucleus, considering their 
successive orbital arrangements. Tn a mole- 
cule, this iiH’thod may also he usecl, or other- 
wise methods may he elaborated for bring- 
ing together (from infinite separation) the 
whole atoms that make up the molecule, or 
for parting (from zero nuclear separation) 
tJie hypothetical united aiom. (See atom, 
united.) 

BUT.K MODULUS (OR MODULUS OF 
VOLUME EI.ASTICITY). The ai)plication 
of pressure to a material medium changes its 
volume. The hulk modulus for an elastic 
medium is defined as 



AF/Fo 


where Ap is the increase in pressure, AT is the 
decrease in volume, and To iw the original 
volume. The modulus Uiay be defined and 
measured under adiabatic, i .othermal or other 
specified conditions. 

“BUNCHER” GAP. In a velocity-modula- 
tion clcclroi Mbe the pair of electrodes which 


causes the beam to become modulated. The 
^'bunchcr'^ gap is more frequently called sim- 
ply the input gap. 

BUNCfflNG, IDEAL. See ideal bunching. 

BUNCHING PARAMETER. A parameter 
Avhich determines the degree of bunching and 
the waveform of the density-modulated beam 
in a klystron. 

BUNSEN COEFFICIENT. (Absorption co- 
efficient.) The volume of gas under standard 
conditions of ff'inj)erati]rc and pressure 
(S.T.P.) wliieh is absorbed by a unit volume 
of gas solution. 

BUNSEN ICE CALORIMETER METHOD 
FOR LATENT HEAT OF FUSION. A ves- 
sel containing some ice and w^ater, but no air, 
is sealed by a mcrcuiy column. Addition of 
a known amount of h(‘at (a nieasuivd amount 
of w’atcr at known temperature) will molt 
ice, and the increase in volume of tlio waiter- 
ioe ]uixture is regisferod by the mercury cejj- 
iimn. 

BUNSEN SCREEN. A photometer screen 
consisting: of a .diaphragm of paper or parch- 
nienl with a Iranshieent central spot of oil or 
paraffin. 

BUOYANCY. The apparent loss of w’'eight 
by a solid body immersed wdiolly or partially 
ill a fluid. The total buoyancy force is equal 
to the WTight of the displaced fluid and acts 
through the position of the center of gravity 
of the displaced fluid. 

BUOYANCY METHOD FOR GAS DEN- 
SITY. A \eiy sensitive balance supports a 
large bulb of knowm external volume inside a 
gns-tiglit ease. The beam is balanced wdth 
the case evacuated or filled with a standard 
gas, and then with the gas to be investigated. 
The gas density can then be calculated from 
the u})thrusts, using Archimedes principle. 

“BUPS” ANTENNA. See antenna, ^^ups.^ 

BURGER - DORGELO - ORNSTEIN SUM 
RULE FOR ATOMIC SPECTRA. The sum 

of the intensities of all the lines of a multiplet 
which belong to the same initial or final state 
is proportional to -f- 1, the statistical 
weight of the same initial or final state, re- 
Rpcctivcly. 
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BURGERS DISLOCATION. See screw dis- 
location. 

BURGERS VECTOR. A vector reprosenting 
the displacement of the material of the lat- 
tice required to create a dislocation. As usu- 
ally defined, the Burgers vector must always 
be a translation vector of the lattice. 

BURST. (1) In cosmic ray studies, an ex- 
ce];)tionally large electric pulse observed in 
an ionization chamber, signifying the simul- 
taneous arrival or ciiii'^sion of sov('ral or many 
ionizing pai tides. Such an event may be 
caused ))y a cosmic-ray shover or by a spalla- 
tion (lisintegrati<m of tla* type (hat can pro- 
(luee a slur. (2) In communications, a sud- 
den increase* in signal strength of ^^aves he- 
mg recei\cd by ionospheric reflection. The 
effect is ])(diev(‘(I to be caused by a distiiH)- 
ance of tlie iono'-fihei-e by imdeors. 

BURST PEDESTAL (COLOR-BURST PED- 
ESTAL). T he r(‘ct angular, |)u]se-liLe com- 
ponent \vliit‘li mav l )0 ]iarl of tin* color burst. 
The anifdilude of the color-bur‘-t ])edevtal 
is mea'^med fiom (lie a-(‘ axis of the sine- 
wave portion to I he horizontal pedestal. 

BUS. (1) In electrical devices, any rigid 
conductor u«ed to distrihule curr^'nt to s(‘Mual 
branches. (2) In compuf(>r woik, one or 
more conductors which are used as a path 


for transmitting information from any of sev- 
eral sources to any of several destinations. 

BUTTERFLY CIRCUIT. See resonator, 
butterfly. 

BUTTON. The container of carbon granules 
in a carbon microphone. (See microphone, 
carbon . ) 

BUYS BALLOT LAW. Professor Buys Bal- 
lot at Utrecht in 1857 stated this law: “Stand- 
ing with back to v^ind, low pressure is to left 
and high ])rossiire to right in nortliem hemi- 
sphere, vitli the reverse being true in the 
southoiii hemisphere.” This law was one of 
the earliest statements of the principles of 
wkids now accepted as common meteorologi- 
cal knowledge. 

BYPASS CAPACITOR. A capacitor used to 
]>rovide a comparatively-low, shunting iro- 
pedatK'C for currents at some point in a cir- 
cuit. 

BYPASS MIXED HIGHS. The mixed-highs 
signal tluit shunli'd around the color-sub- 
carrier modulator or demodulator. 

BYPASS MONOCHROME SIGNAL. A 
monochrome signal that is shunted around 
the color-subcarrier modulator or demodula- 
tor. 
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C. (1) Ca])acitance or poniiitliiiicr or doMft- 
nation for capacitor (Cj. (2) Partial capac- 
itance (r). (3) Third Cauchy constant (C). 

(4) Compliance (C), (5j Suuml conducUv- 

it}" of an opening (c). (G) Conceid ralion of 

solution (r or C). (7) Element carbon (C). 

(8) Velocity of light in vacuum (cl. (9) 
Degree Centigrade (celsius preferred) (^Cd- 
(10) Nonnality of solution (C). (11) Heat 

capacity, total (fd, per unit ma^s (which is 
siiecific lieat) (c), lieat cajiacily per mole 
(c, C or Ca{)j heat capacity jK'r atom or 
molecule {c or C„,), sjiecific li(*at at constant 
volume fc„), specific heat at constant pres- 
sure (Cp), molar heat at constant volume 
(C,,), molar heat at constant jiressuiH' (C'p). 
(12) Thermal conductance (C). (13) Planck 

radiation law" constants (cj, Cn). (14) In- 
duction coefficient (c). (15) SutluTlaml con- 
stant (C). (16) Designation for d-c voltage 

sources for vacuum tubes ((d. (17) Cou- 
lomb (Ch). (18) Com[)lex, as u^cd in nar 

row fine structure, isotopic or nuclear s])in 
hyperfine structure (r). 

C BATTERY. A battery used to su])i)ly bias. 
(See bias.) 

C-BIAS. See bias. 

C CORE. A spirally-Avound magnetic c(»re 
whicli is formed to a desired rectangular 
shape before it is cut into two c-shai)ed 
puTcs. In this form it may be ])laced around 
a transformer or magnetic amplifier coil as a 
sujierior replacement fur tlie more conven- 
tional E-T lamination. Its pi'incipal advan- 
tages lie in the fact that grain-oriented ma- 
teiaals may be used, the effective air gap may 
be made quite small, and assembly time is 
reduced. 

C-LINE. Fraunhofer line at 6562.8 A caused 
by hydrogen in the atmos^licrc of the sun. 

“C” NEUTRONS. Neutrons of such energy 
that they are absorbable in cad- 

mium. ‘"C” neutrons have energies from zero 
up to about " 5 ev. 


C-NUMBER THEORY. A classical field the- 
ory, i.e., a field theory in which w’ave func- 
tions arc (in general complex) functions of 
position and time. (Cf. q-number theory.) 

"C RING.” See magnetron, tuneable, meth- 
ods of tuning. 

C SUPPLY. The supply for the C voltages 
for a vaeimm lube. 

CABLE. A transmission line or groii]) of 
traiisim.ssion lines mechanically assembled in 
compact Ilexibk* form. 

CADMIUM. Alctallic element. Symbol (kl. 
Atomic number 48. 

CADMIUM CELL. A standard or “nof- 
maf' (“ell usually const rucled in the “U” 
foim. I'Ik' cathode is an amalgam of 12 dj 
parts of cadmium and 87 parts of mercury 
by wtaght. The anode may bo made of highly 
purified mercury or of amalgamated plati- 
num. The electrolyte is a saluratc'd solution 
of cadmium sulfate m water. The cathoch* 
is surrouruh'd by undi-^soh ed cadmium sul- 
fate crystals, and tlie anode is covered w'ilh 
a paste made of mercurous sulfate and cad- 
mium sulfate solution. The cell is sealed to 
prevent (‘vaporation. At the (»rdinary ttnti- 
peraturc (20”) the cadmium cell fiirnislu\s an 
electromotive force of 1 018636 volts, and this 
varies only 0.00004 volt })cr degree change of 
temperature. 

CADMIUM CUT-OFF. The neutron absorp- 
tion cross-section of cadmium is liigli for iu‘U- 
tron energies below about 0.3 ev, but dropis 
sharply at higher energies. This makes cad- 
mium a selective absorber of slow neutrons. 
(See cadmium ratio.) 

CADMIUM RATIO. The ratio of the neu- 
tron-induced saturated activity in an un- 
shielded foil to the saturated activity of the 
same foil wdien it is covered with cadmium. 
It is a measure of the relative numbers of 
neutrons of thermal energies and those of 
higher energy. 
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CADMIUM RED LINE, A line in the spec- 
trum of cadmium at 6438.4696 angstroms 
which, because it was the most narrow line 
kno^^n io Michclson, was used by him in meas- 
uring the standard meter and has been ac- 
cepted as the primary standard of wave- 
lengths. It is now being superseded by lines 
from the spectrum of mercury-198, particu- 
larly a green line at 5460.7532. (See mercury- 
198 and international angstrom.) 

CAGE ANTENNA. See antenna, cage. 

CAILLETET AND MATHIAS, LAW OF. 

Also called the law of the rectilinear diam- 
eter. The mean value of the densities of a 
siib^itance in tlie saturated vapor state and in 
the li(]uid slate, at th(‘ same teinpeiature, is a 
linear function ot the temperature. 

CALCITE. A natural hexagonal ciV'^tal of 
c ale ill 111 carbonate. It cleaves readily into 
rliomliohedrons Because it is readilv av.iil- 
able and becau'^c of its oiitical iiropcrties, ]iar- 
ticularly \mI1i rt'spiM't to iiolai i7aiion of light, 
it lias been much U"'( d in connection \sitli tlie 
study of polarizc’d liirlit (Sec Nicol Prism.) 
Calcitc is also called Iceland spar. 

CALCITE GRATING SPACE. In tin Rieg- 
bahn System: 

Effective IS°(^ 3 02901 X 10' '' (in 

True 2irC 3 02951 X lO’^^crn 

In the egs System 

True 20°(^ 3 03567 X cm 

The distance between diffra(*ting suifacos in 
calcitc crystals used in x-ray diffraction. 

CALCIUM. Metallic element. Symbol Ca. 
Atomic number 20. 

CALCULATOR, NETWORK. A layout 
induct anee, capacitance and resistance units, 
and generators used for duplicating the elec- 
trical characlcriotics of a ]H)\ver system so 
that various system conditicjns may be stud- 
ied. 

CALCULUS, DIFFERENTIAL AND IN- 
TEGRAL. A branch of mathom.atics deafing 
with the rate of cliange of a function and with 
the inverse process. 

CALCULUS OF FINITE DIFFERENCES. 

Study of the properties of differences, par- 
ticularly as applied to interpolation proce- 
dures. 


CALCULUS OF RESIDUES. The study of 
the Cauchy integral and theorem, especially 
for evaluation of integrals in the complex 
plane Th(‘ fundamental theorem of the sub- 
ject is: if f(z) is analytic wulhin a region C, 
except for a finite number of poles, the value 

of the contour integral I i{z)dz = 2’ni% 

Jc 

where ^ is the sum of the residues of the 
function at tlie poles wiMiin the region C. 

CALCULUS OF VARIATIONS. Study of 
maximum and minimiiiii properties of defi- 
nite integrals. A simple case is 

^ = r f{-r,y,{i')dx 

wdicrc y(x) is to lie determined so that the 
integral i^ either a iiiaxuiiiiTn or a minimum. 
In either case, y is said to be an extremal 
and the int(gial has a staiionaiy value. See 
brachistochrone, Euler equation, isoperi- 
metrie equation. 

CALEOMETER. An electrical instrument 
used to measiin' the heat loss fiom a cali- 
brated wire and u'-oful in making a number 
of determinations, such as that of the varia- 
tion of flic conc(‘iilration of one of tlie com- 
ponents of (he gas surrounding the wire. 

CALIFORNIUM. Tiansiiranic clement. 
Symbol Uf Atomic number 98. 

CALLENDAR AND BARNES METHOD 
FOR MECHANICAL EQUIVALENT OF 
HEAT. A stoadv flow of wuiter tlirough a 
theimallv-insulatc'd tulie is lu jt('d by a 
, steady f'l('ctric current, and a temperature 
difference is set up at the ends of the tube. 
h\ee])t for tli(* nica'^ureuient (jf electric power, 
tlie (valuation of the result is similar to that 
in nuahani(*al, continuous-flow methods. 

CALLENDAR AND GRIFFITHS BRIDGE. 
See bridge, Callendar and Griffiths. 

CALLIER COEFFICIENT. The density of 
photographic negatives measured by parallel 
light is greater than if ineastired by diffused 
light. This effect is caused by scattering. 
Callier defined a coefficient as 

d(N»sily measured by parallel light 

Q 

density measured by diffused light 

The average value of Q is about 1.4 =b 0,2. 
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CALMS OF CANCER. The belts of high 
pressure lying north of the northeast trade 
winds. (Sec atmosphere, circulation of the.) 

CALMS OF CAPRICORN. The belts of 
high pressure lying south of the southeast 
trade winds. (See atmosphere, circulation of 
the.) 

CALOMEL ELECTRODE. See electrode, 
normal calomel. 

CALORESCENCE. The production of vis- 
ible light by means of energy derived from 
invisible radiation of freciueiieies below the 
visible range, Tyndall found it possible to 
raise a })ie(*e of blackened platinum foil to a 
red heat by focusing upon it infra-r(‘d radia- 
tion from an are or from the sun, the visible 
wavel(‘ngths having been filtered out. It is to 
he noted Unit the transformation is indirect, 
llie light being produced by heat and not by 
any direct stepping-up of the infra-rod frc- 
(luency. 

CALORIE. A unit for the measurement of 
the quantity of heat. As originally defined, 
it was the amount of heat rec|uir('d to raise 
(he temperature of one gram of wati'v through 
one degree C'cntigrade. As thermal ineasure- 
ments increased in proei-^ion, this definition 
was not sufficiently exact and many different 
kinds of calories were used, considerable con- 
fusion re^^ulting. After lOdO an artificial, con- 
ventional calorie was defined by tlu' relation 
1 caloric ■-= 4.1833 international joules and, 
in 1918, it was redefined as 1 calorie - 4.1810 
absolute joules. This definition is now gen- 
erally accepted in the United States. The 
large calorie (Cal. or Kcal.) is 1,000 times as 
large. Anotlier artificial calorie, used in en- 
gineering steam tables, is the International 
Table calorie: 1 IT. calorie interna- 

tional wuitt-hour = 0.00110298 absolute watt- 
hour. 

Conversion to other energy units gives: 

1 cal. = 0,00390573 B.T.U. 

1 cal. = 0.0412917 liter-atmosphere 

1 cal. = 0.999346 I.T. cal. 

CALORIFIC INTENSITY. The maximum 
temperature attainable b’'" combustion of a 
given fuel wuth atmospherjc oxygen under at- 
mospheric pressure. 

CALORIFIC VALUE. The number of units 
of heat obtri’ned by complete combustion of 


unit mass of a substance. Determinations of 
calorific value are very commonly made in 
the evaluation of fuels, the study of foods, 
etc. 

CALORIFIC VALUE, GROSS. The quan- 
tity of heat produced by the combustion of a 
unit mass of a substance wuth oxygen under 
pressure, as in a bomb calorimeter. If this 
value is corrected for the latent heat of evap- 
oration of the w’ater present, then the net 
calorific value is obtained. 

CALORIMETER. An apparatus for meas- 
uring the change of heat content ot a system. 

CALORIMETER, ADIABATIC. A calo- 
rimeter so well iiisiiHted from ils surround- 
ings that reactions or jirocesses involving heat 
transfer can he studied without luning any 
appreciable heat exchange occurring w'ith the 
outside. 

CALORIMETER, DIFFERENTIAL. A de- 
vice for measuring a quantity of heat by 
(‘oinparing it with a knowui fpinidity of h^at 
at the same tt'iiqierature. 

CALORIMETER, GAS. An a])i)aratus used 
in (he analysis of (‘oinlnistible gase.>, ])rimar- 
ily to dodermine calorific value ami, inciden- 
tally, to determine moisture eonli'nt and to 
test for the presence of otlior inat('rial^. 

CATDRIMETER, NERNST. A calorimeter 

in which a substance whosi' .specific heat is 
to be measured is feuspend(‘d in a glass or 
metal enveloj^o wdiich can b(’ (wacuated. Tlie 
iiK'thod is ])articularly suited for work at low 
teiniicratures. The ciivclojie is immersed 
into a vesvsel containing tlie cooling agent, and 
the substance is cooled by admitting a small 
amount of gas into the envelope. The sub- 
stance is tlien theniially insulated by evacu- 
ating the envelope, and the specific heat is 
measured by recording the increase in tem- 
perature caused by supjilying a known 
amount of heat In Nemst s original experi- 
ment the same wire, attached to the sub- 
stance, served as heater and resistance ther- 
mometer. 

CALORIMETER, OXYGEN-BOMB. A cal- 
orimeter in w^hich a w^eighed sample of solid 
or liquid material is ignited by an elcctri- 
cally-hcated wire and burned by oxygen un- 
der pressure. The heat evolved is deter- 
mined, usually by absorption in a water 
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jacket (see calorimeter, water) surrounding 
the combustion chamber (oxygen-bomb). 

CALOWMETER, SIMON AND LANGE 
VACUUM. An improvement of Nernst’s 
vacuum calorimeter (sec calorimeter, Nemst) 
in which the substance inside the vacuum 
envelope is surrounded by a shield to wliich 
a small container with the cooling agent 
(liquid air» liquid hydrogen or licpiid helium) 
is attached. By pumping olT the vapor from 
the container, a lover starting lenipcrature 
can be obtained than by pumping off the 
vapor of the large bath of cooling agent sur- 
rounding the vacuum envelope. Moreover, 
by regulating the pressure in the container, 
the temperature difference between the sub- 
stance and the shield can be kept small 

CALORIMETER, SODIUM PEROXIDE. 
A calorimeter in vliich a weighed s<im])le of 
solid or Ikiuid is burned by oxygen derived 
from sodium peroxide, usually when an ac- 
celerator such as p(kassium perchlorate or 
benzoic acid is add(*(l to aid combustion. 

CALORIMETER, WATER. A thermally- 
insulated rnctal cup containing water and fur- 
nished vitli a thermometer Tlic quantity of 
heat to be measured is ajiplied lo the water, 
and the ri«c of tem])i‘raturc resulting multi- 
plied by the mass of tlie water, giv(‘s the num- 
ber of calories received. (Corrections must 
of course be made for the lieat ab^orbccl liy 
the cup, thermometer, and other aeces&oiios. 
the ^'w’ator equivalent” of which is in the eom- 
fuitation sinijily added to ihe mass of actual 
water. Allowance must also be made f(»r heat 
lost or unintentionally introduc(*d through ra- 
diation and conduction; for which purpose e 
Newton law of cooling is cninmonly used. 

CALORIMETRIC COEFFICIENT. One of 

the following six coefficients, usetl to express 
the rate of absorption of heat during lever- 
sible changes of pressure, volume, and tem- 
perature: 

(1) Heat of compression at constant volume, 
(Sg/Sp)^, 

(2) Heat of expansion at constant pressure, 
{dq/dv)p. 

(3) Specific heat at constant volume, 
{dq/dT)v. 

(4) Specific heat at constant pressure, 

WdT)p. 


• (5) Latent heat of change of pressure, 
(dq/dp)T. 

(6) Latent heat of change of volume, 
(dq/dv)T. 

In these expressions, q is the quantity of heat, 
p, the pressure, the volume and Ty the ab- 
solute temi)erature. 

CALORIMETRY. The quantitative deter- 
mination of heat content. 

CALUTRON. A production isotope sepa- 
lator ot the elcclvcuuagnetic type based on the 
180'^ focu.s'-mg Dempster mass spectrograph. 

CAMERA LENSES. Great effort has been 
put into the design of camera lenses and eacii 
iiuinulactiirer has designs and names of his 
own Ilowe\er most modern camera lenses 
are elaborationo oi the “('ooke Triplet” wdiich 
consists of a negatne lens spaced iinsym- 
m(‘lrica]ly between tw^o positive lenses. The 
famous ”T(ssar” lens is a Cooke triplet in 
which the rear crown lens is replaced by a 
(loiibl(‘t. The Hector s(Ties re[)laces each of 
the three lenses of the Cooke triplet with a 
doublet. 

( : AMERA SPECTRAL CHARACTERIS- 
TIC. In television, the sensitivity of each of 
the camera coloi -separation channels with re- 
spect to wavelength It is necessary to state 
the camera terminals at which the character- 
istics ai)ply Because of nonlinearity, the 
.-pcctral characteristics of some kinds of earn- 
er is d( pend upon the magnitude of radiance 
used in their measurement. Nonlinoarizing 
and matrixiiig operations may be performed 
wnthin +lie camera. 

C AMERA TAKING CHARACTERISTIC. 

The use of this term should be avoided. (Sec 
camera .spectral characteristic.) 

CAMERA TUBE. Sec tube, camera. 

CAMPBELL BRIDGE. See bridge, Camp- 
bell. 

CAMPBELL-COLPITTS BRIDGE. See 
bridge, Campbell-Colpitts. 

CAMPBELL-LARSEN POTENTIOMETER. 
Sec potentiometer, Canipbell-Larsen. 

CAMPBELI. METHOD. A method of meas- 
uring low pressures, in the range to 

10“^ mm Hg. A lamp filament constitutes 
one arm of a AVheatstone bridge, the other 
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arms consisting of resistances so chosen that 
the bridge is balanced when the filament tem- 
perature is about 100° C. The balance is 
achieved by adjusting the voltage across the 
bridge, when the pressure is so low that heat 
conduction by the residual gas plays no ap- 
preciable role (10”^ mm or less). The change 
in voltage recpiired to re-balance the bridge 
when a measurement is being made is then a 
measure of the gas pressure. (Sec Pirini 
gauge* manometer, hot wire.) 

CANADA BALSAM. The turpentine yielded 
by the balsam fir. It is a yellowish, viscid 
liquid solidifying to a transparent mass. It 
is much used as a transparent cement for ce- 
menting together compound lenses. Now be- 
ing replaced by ccilain methacrylate plastics. 

CANAL RAYS. This term is a bad transla- 
tion of the German Kanalstrahlen. A more 
accurate designation would be ^^tunncl rays’^ 
or ‘‘perforation rays.^’ They consist of posi- 
tive particles in a vacuum tube which esca[H' 
through tunnels or holes bored in the cathode. 
Positive ions originating in the gas near the 
cathode move toward it with groat speed, or- 
dinarily striking it and causing the w^urface 
disintegration and sputtering of the metal 
soon observable; also doubtless releasing 
cathode-ray electrons. But if the cathode is 
perforated with holes so placed that the posi- 
tive ra\\s can enter them, some of tlie particles 
pass through into the space behind the cath- 
ode. In especially constnicted canal-ray 
tubes, this s])acc is elongated so that the posi- 
tive rays, now isolated from the cathode rays, 
can be studied separately. 

CANDELA. Unit of luminous intensity: it 

is of such a value that the luminous intensity 
(^f a full radiator at the freezing point of 
l)latinuin is 00 units of luminous intensity per 
cim. (See also candle.) 

CANDLE. U nit of luminous intensity. One 

candle is defined as the luminous intensity of 
Vgo square centimeter of a blackbody radia- 
tor operating at the temperature of solidifica- 
tion of platinum. Values for standards hav- 
ing other spectral distributions are derived 
by the use of accepted .uminosity factors. 
One candle produces one b men of luminous 
flux (see flux, luminous^ through an area sub- 
tending a solid angle of one steradian meas- 
ured from the source. 


CANDLE POWER. In the earlier days of 
photometry, luminous intensity was meas- 
ured by rating a source in terms of ordinary 
candles. The need for greater precision and 
reproducibility led to, first, specification of 
the materials and dimensions of tlie candle or 
lamp, and more recently to the definition of 
the standard candle in teniis of the luminous 
intensity of a blackbody radiator at the tem- 
perature of solidification of platium. (See 
candle.) 

CANDLE POWER, APPARENT. See ap- 
parent candle power. 

CANDLE POWER, BEAM. See beam can- 
die power. 

CANONICAL. Used to describe a standard 
form of a function or equation, especially 
when the form is simple. A canonical ma- 
trix, for example, has nonzero elements only 
on the main diagonal. 

CANONICAL EQUATION OF MOTION. 

For the kih set of generalized coordinates and 
conjugate momenta in a conservative (fy- 
namical system, there can bo written a pair 
of first-order i)artial dilTcrential equations: 

' on dqk 

dpk dt 

dll ^ dpk 

dqk dt 

wliere H is the Hamiltonian function for the 
system and Pk and Qk are generalized mo- 
menta and coordinates, respectively. These 
equations are called the canonic.al equations 
of motion, (See also Hamiltonian function; 
coordinates and momenta (generalized).) 

CANONICAL TRANSFORMATION. A 

transfiirmation from one set of generalized 
coordinates and momenta to a new set such 
that the fonn of the canonical equations of 
motion is preser\^ed. This usually involves 
finding a transformation function S which is 
a continuous and differentiable function of 
the old and new generalized coordinates and 
the time. The transfonnation can be de- 
fined by 

dS 

L(q,q) = L'{Q,Q) + — 

at 

wdiere L is the Lagrangian function in the 
original set of coordinates, and U is the La- 
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grangian function in the transformed set of 
coordinates. 

CAPACITANCE. (1) Ratio of the electric 
charge given a body to the resultant change 
of potential. It is usually expressed in cou- 
lombs of charge per volt of potential change, 
that is, in terms of the farad, or its submul- 
tiplcs; the e.g.s. electromagnetic unit is the 
abfarad. If a conductor is completely iso- 
lated, that is, far removed from other con- 
ductors, including the earth, and is sur- 
rounded by a homogeneous, perfectly insu- 
lating dielectric, its capacitance depends 
only upon the size and shape of its external 
surface, and upon the dielectric constant of 
the surrounding medium. Very long electric 
circuits, especially when the wire is sur- 
rounded by a conducting shr^ath, as an ocean 
cable, have considerable capacitance because 
of the eonden^er-like action of wire and 
sheath with the insulation between thcan act- 
ing as dielectric. The same is true of insu- 
lated wire wound in a close coil, adjacent 
turns of which, being a( ^liglitlv different rxj- 
tential, act as the eonduetors of a oemdenser; 
an effect whicli may be partially avoided by 
a eriss-eross or “lioiiey-eomb” ^^inding or by 
a “banked’^ winding (in Hat spirals). The 
capacitance of a circuit, whether thus “dis- 
tributed” or intentionally intr^iued by 
means of capacitors, acts as a capacitor in 
parallel with the conductor, and may have 
marked effect u])<m alteniating or varianic 
currents traversing it 

(2) Acoustic capacitance has been detined 
as the negative imaginary part of acoustic im- 
pedance. (For a usage of this character, ‘^ee 

capacitance, specific acoustic.) 

CAPACITANCE ALTIMETER. Pee altin. 
cter, capacitance. 

CAPACITANCE BRIDGE. See bridge, 
capacitance. 

CAPACITANCE, COEFFICIENTS OF. 

The equations for charges on conductors in 
terms of coefficients of induction (see induc- 
tion, coefficients of) can be rewritten in tcfins 
of potential differences as: 

qi = C'l.Ei + ^12(71 - Vi) + Ca3(ri - Vi) 

+ • • ' + Cln(ri — En) 

32 “ CiliVa - Fi) + Ca^Va + • • • 

+ CaniVa - Vn) 


3» = C„i(V„ - Fi) + C„2(F„ - Fj) + . . . 

+ CnooFn 

Thcie coefficients of capacitance are related 
to the coefficients of induction (see induc- 
tion, coefficients of) as follows: 

^mk “ m 7*^ k 

“f" ^m2 ”["***“{“ ^min -J- • • • -j- Cffin 

CAPACITANCE, DISTRIBUTED. The ca- 
pacitance ^^hieh is inherent in any coil be- 
cause of the adjacent turns, layers, windings, 
etc., \\hich are se])arated by some dielectric 
material and ^\bich have voltage differences 
between them. The result of Ih!-^ is a eapaei- 
tajice action which low'ers the effective induc- 
tance of the coil. This eapaoitanec is often 
considered as lumpeil and in ])arallel with the 
true inductanoe of the coil (or other arrange- 
ment of conductors). 

CAPACITANCE, EFFECTIVE. The total 
capacitance found between tw’o point.s in a 
circuit. 

CAPACITANCE, GEOMETRIC. The ca- 
pacitance ot an isolated conductor in vacuo. 
For a .^pheio of radius a, 

Q 

y = hence C = Q/V = a. 
a 

w^here elect n)-.! at ic units are used. For a hemi- 
spliore of radius a, C = O.S4oa. F'or many 
other bodi(‘s C is approximated by A/<S/ 47 r, 
where S is the suifaee area. 

C\PACITANCE, OUTPUT (OF AN n-TER- 
MINAL ELECTRON TUBE. The short- 
circuit transfer capacitance between the out- 
put terminal and all other terminals, except 
the in[)ut terminal, connected together. 

CAPACITANCE, SPECIFIC ACOUSTIC. 

That eviefTicienL which, wlien multiplied by 
2Tr times the frequency, is tlie reeijirocal nega- 
tive imaginary jiaii of the specific acoustic 
impedance (See impedance, specific acous- 
tic.) The dimensions of s[)ecific acoustic ca- 
pacitance are cmVdyne. 

CAPACITANCE, STRAY. Undesired and 
unintentional capacitance betw^een two bod- 
ies, such as the capacitance between a wire 
and a chassis in a piece of electronic equip- 
ment. 
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CAPACITIVE LOAD. An electrical load 
whose reactance component is negative, hence 
a load that acts like a combination of re- 
sistance and capacitance. (Cf. inductive 
load.) Capacitive loading may be the result 
of actual capacitors, or of virtual capacitors 
in the form of long transmission lines, or 
ovcr-excited, *5ynchronous, rotating equip- 
ment. Most a-c apparatus, such as motors, 
coils, etc., draw from tlie line a cuiTent which 
lags the voltage, and the 11*50 of some capaci- 
tive load is desirable in order to bring Ihe 
total current and voltage more nearly in 
phase, and thus raise the power factor. 

CAPACITIVE POST. See post, capacitive. 

CAPACITOR (ELECTRIC AI.). An arrange- 
ment of conductors and dielectrics us(‘d to 
secure an appreciable capacitance, Munetimes 
one of s[)ecified value. The esvsential feature 
of all capacitors is a system of two or move 
conductors, separated by layers of dielectric. 
The potential difference betweiui the con- 
ductors, when charged, is limited by the elec- 
tric polarization in the diel(‘cliie. This makes 
it possible to accumulate large charges at 
comparatively small voltages. The oldest 
form of caiiaeitor is the Leyden jar, still often 
used where heavy elcetnc discharges are de- 
sired. Many modern capacitors consist of 
alternate metal and dielectric plates or sheets, 
sometime*^ of rriotal foil and paraffin paper 
strips rolled in a compact bundle. (Capacitors 
in which the dielectric is air, usually of ad- 
justable cafiacitance, arc much used in radio 
and other oscillatory circuits. An electrolytic 
capacitor consists of an el(‘ctrolyti(; cell in 
w^hich a current has <le])osited a very thin 
layer of nonconducting material on one of 
the electrodes. This layer acts as the capaci- 
tor dielectric. Sucli capacitors have very 
high capacitance m proportion to their size 
and weight, and arc much used in electric 
filters and other electronic apparatus. Stand- 
ard capacitors, of accurately knowm capaci- 
tance, are employed in electrical measure- 
ments. The capacitance depends upon the 
total area a and the thickness d of the dielec- 
tric and upon its dielectric constant fc. If the 
dimensions arc in centimeters, the capacitance 
for a capacitor of flat-plakcs is approximately 
given in electrostatic by the formula 

C =rz ka/Aird an(^ m microfarads by C = 
8,84 X 10"' ®/ca/d. Thus, if there are 21 metal 
plates 10 c-v sq, separated by 20 sheets of 


mica 0.01 cm thick and of dielectric constant 
6, the capacitance is about 0.106 microfarads. 
The capacitance is often made adjustable by 
vaiying the distance d or by arranging the 
plates to move past one another so as to vary 
the area a of dielectric subject to the electric 
field between them. A capacitor is often 
called a condenser. 

CAPACITOR ANTENNA. See antenna, ca- 
pacitor. 

CAPACITOR, BY-PASS. This is a capacitor 

placed m an electrical ciruiit to allow a-c to 
flow around some circuit component and 
cause d-c to flow through the component. 
The most common usage is in by-passing vari- 
ous \()ltage-(hopi)ing resistors used in vac- 
uiim-tuhc circuits to adjust the voltages ap- 
plied to the sexeral parts of the circuits. 
Those resistors are by-pas.-^cd so there will be 
no, or very little, alternating signal voltage 
drop to produce undesirable feedback. The 
reactance of the capacitor sliould be low com- 
pared to the resistance of the resistor bemg 
by-passed. 

CAPACITOR, CERAMIC. See ceramic ca- 
pacitor. 

CAPACITOR, COMMUTATING. A ca- 
pacitor used in gas-tube rectifier circuits to 
prevent the anode from assuming large nega- 
tive voltages miinecliatcly after extinction. 
If the anode were permitted to go far nega- 
tive before deionization w^as complete, some 
of the residual positive ions which would 
bombard the anode would be trapped, result- 
ing in cleanup in non-reservoir typos of tubes. 

CAPACITOR, COUPLING OR BLOCKING. 
A capacitor incorporated in an electronic cir- 
cuit to separate a-c and cl-c components, and 
to isolate various parts of the d-e circuit 
while maintaining ofTective a-c connections. 

CAPACITOR, DIFFERENTIAL. A vari- 
able, three-terminal capacitor (see capacitor, 
electrical) having a single rotor and two sta- 
tors, arranged so that as capacitance is re- 
duced on one side, it is increased on the other. 

CAPACITOR, DRY ELECTROLYTIC. A 
capacitor whose dielectric is a thin film of gas 
formed by electrolytic action between two 
metal plates. In general the unit is not truly 
''dry,'" but contains a moist paste from which 
the gas is formed. 
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CAPACITOR FORMULAS. (1) The ca- 
pacitance of n capacitors connected in paral- 
lel is 

C=tCi 

1 

(2) The capacitance of n capacitors connected 
in series is 



CAPACITOR, GUARD-RING. A parallel- 
plate capacitor (see capacitor, parallel- 
plate) in which the edge effect is eliminated 
by the presence of a guard ring surrounding 
one plaie, and held at the same potential. 
This permits the calculation of capacitance 
from the geometry, hence the making of a 
capacitance standard. 

CAPACITOR, GUARD-WELL. A modifica- 
tion of the guard-ring capacitor (see capaci- 
tor, guard-ring), wiili the guarded plate at 
the bottom of a well, lo make standard ca- 
pacitors of 0.1 f^|x^ (and less) practical 

CAPACITOR-INPUT FILTER. See filter, 
capacitor-input. 

CAPACITOR INTEGRATOR. A device 
which makes use of the relationship 



found in a capacitor. A current proportional 
to the function to be integi-atcd is fed into 
the capacitor, and the capacitor voltage is 
read as being the desired integral, 

CAPACITOR LOUDSPEAKER. See loud- 
speaker, electrostatic. 

CAPACITOR MICROPHONE. See micro- 
phone, capacitor. 

CAPACITOR PICKUP. A phonograph pick- 
np which depends for its operation upon the 
variation of its electric capacitance. 

CAPACITOR, PRESSURE-TYPE. A capac- 
itor which has a dielectric consisting of an 
inert gas, such as nitrogen under several at- 
mospheres of pressure, the objective being 
higher operating voltages. 

CAPACITOR RESONANCE FREQUENCY 

See resonance frequency of a capacitor. 


CAPACITOR, TRIMMER. See trimmer ca- 
pacitor. 

CAPACITOR, VIBRATING (VIBRATING- 
REED DYNAMIC CAPACITOR). A ca- 
pacitor whose capacitance is varied in a cyclic 
fashion so that an alternating ernf is devel- 
oped proportional to the charge on the insu- 
lated ch'ctrodc. This device forms the basis 
for a type of elcctr(»meter. (See vibrating 
reed electrometer.) 

CAPACITRON. An externally-fired, mer- 
ciu’v-pool tube Formation of the arc occurs 
as a result ol the sudden application of a high 
voltage belween the cathode and an insulated 
starter electrode. 

CAPACITY. (]) of space; spccifi- 

oallv (•uhir content or volume.' (2) Power of 
n'ceiving or Jibsorbiiifr, as exemplified by heat 
ciipacilv, electrostatic cap.<icity (capaci- 
tance), cainicity for moisture. (.2) Maxi- 
mum output (1) Power, as exemplified by 
(be emrymi? capacity of a stream. 

CAPACITY, ELECTROSTATIC. See ca- 
pacitance. 

CAPACITY, HEAT. Quantity of beat re- 
(juned to raise (he temperature of a body by 
a gi'en amount, such as one <le(>ree Centi- 
grade. 

CAPACITY, SPECIFIC THERMAL. The 

heat rapacity of unit [nas.s of a substance, 
interchanf;eablc with specific heat. 

CAPII.LARITY. The iilienomcna which are 
caused by surface tension and occur in fine 
bore tubes or channels. An example is the 
ilevation (or depre.s.sion) of liquid in a capil- 
lary tube jiartially immersed. 

CAPILLARY. A cylindrical space of small 
radius, or a tube containing such a space. 

CAPILLARY CORRECTION. A correction 
applied to mercury barometers, wide-bore 
tliermometers. etc , for the effect of capillarity 
on the height of the column. 

CAPILLARY ELECTROMETER, goe elec 

trocapillarity. 

CAPILLARY PRESSURE. The pressure de- 
veloped through capillary action, as in the 

Jamin effect. 
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CAPILLARY RISE. The elevation of liquid 
in a capillary tube above the general level. 
For capillaries of sufficiently small radius, it is 

2y cos <l> 

h = 

PQ 

where y is the surface tension, p is the liquid 
density, 0 is the angle of contact of the liquid 
with the capillar}", g is the acceleration due to 
gravity, and r is the radius of tlie capillary. 

CAPILLARY RISE METHOD. See surface 
tension, methods of measurement. 

CAPILLARY THEORY OF SEPARATION. 

A theory of the sejuiration of gases by flow 
through a ]*)orous medium, based on the con- 
cept of momentum traiihier. The actual por- 
ous medium is treated as eijui valent to a bun- 
dle of parallel capillar}^ tubes. {Physical Re- 
view 75, 1050; 1949.) 

CAPILLARY TUBE METHOD. See viscos- 
ity, measurement of. 

CAPSTAFF EFFECT. A photographic ef- 
fect discovered by J. (1. (]ap«;taff in 1921. 
Sulfurous acid followed by a weak alkali is 
capable of extending tlie sensitivity of blue- 
sensitive films and plates to longer wave- 
lengths. Tlie ctTect appioars to lie due to the 
formation of a form ol colloid silver and is of 
no practical value, althougli materials sensi- 
tive to the entire visible region f])ancliro- 
matic) can be produced by bathing succes- 
sively in sodium bisulfite (2%) and a weak 
solution of sodium carbonate, then washing in 
running water. 

CAPTURE. Any process whereby an atomic 
or nuclear system ac(]uires an additional par- 
ticle. 

CAPTURE EFFECT. An effect in F-M re- 
ception where the stronger signal of two sta- 
tions on the same frequency completely sup- 
presses the weaker signal. 

CAPTURE GAMMA RAYS. The y-rays 
emitted as the result of the capture of a par- 
ticle by a nucleus. 

CAPTURE, K-. See K-electron capture. 

CAPTURE, RADIATIVF. (1) A nuclear 
capture process w uosc prompt result is the 
emission of electi omagnetic radiation only. 
(2) In rear cor technology, the capture of a 


neutron by a nucleus, with subsequent emis- 
sion of a y~ray. 

CARAT. A unit of mass of 205 milligrams 
(in England, 205.31 milligrams). The carat 
is used widely to express weights of gems and 
precious metals, and this has given rise to 
another usage of the term carat, i.e., as a 
standard of purity of gold. 

CARBON. Nonmetallic element. Symbol 
C. Atomic number 6. 

CARBON ARC. A brilliant light source be- 
tween two carbon rods which are first touched 
togetlier to start and then separated a few 
mm. With d-c, the hottest point is the crater 
whicli forms on the anode (+ terminal). The 
naming arc is produced by putting a core into 
each carbon rod containing some material 
such as strontium, calcium, cobalt or sodium 
salts which causes the most luminous area to 
be between the carbons. By putting a sample 
of an unknown into the anode crater, the un- 
known! wdll be volatilized and its spectrum 
(arc spectrum) may be observed. 4^hc anmle 
crater of a high current carbon arc with its 
temperature of over oOGO'^C' is one of the hot- 
test sources knowm in the laboratory. 

CARBON BUTTON. See button. 

CARBON CYCLE. A scries of tlionnonu- 
clear reactions, releasing gt-eat quantities fd 
energy (by conversion from mass and by ra- 
diation) which are believed to furnish the 
energy radiated by many of the stars. This 
scheme wuis d(‘vcloiied from theoretical con- 
siderations by H. A Bethe in 1939 (and 
simultaneously by C. F. von Weizsaeker). 
Various possibilities w'erc tried, but the fol- 
lowing series w"as the only one wdiich gave re- 
sults in agreement with the experimental 
facts: 

C12 + HI _> ^ 7 

N13 + p 

+ 7 

+ IP 0'^ + 7 
Qis + 4iC + V 

4- ^ jj^4^ 

where +ie indicates a positron and v indicates 
a neutrino. (See proton-proton chain.) 

The overall reaction results in the produc- 
tion of a helium atom, two positrons and 
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much energy, from four protons, the carbon 
atom that reacted initially being regenerated 
at the end of the process There are, of 
course, other probable bide-ieactions 

CARBON CYCLE, ORGANIC. The cycle of 
processes by which living things utilize the 
carbon of the carbon dioxide of the atmos- 
phere in their metabolism. The cycle in- 
cludes photosynthesis of carbohydrates by 
plants fiom caibon dioxide and water in the 
piesence of chlorophyll, with tlu aid of "sun- 
shine, the tiansfoimation of plant caibohv- 
drates by animals into substances required in 
their structure and pioccssos, the decay of 
animal bodies and excreta, aided by b ic- 
tciial action, to ictum carbon dioxide to the 
atmosphere This teiin is mcludcrl for diffci- 
entiation from the nudcir icaction soiic- by 
the same name 

CARBON MICROPHONE, ‘^^^ce miciophone, 
carbon 

CARBON-PILE REGULATOR. A control 
mechanism ulili/ing the \ uivtion ol clcctncil 
Ksi'.tancc which ocouis is a pile of caihon 
lilocks IS coiiipie^^^cd 

CARBON RECORDING. Sc e recording, 
carbon. 

CARBONIZED FILAMENT. A thonitod 
tungsten hlanunt which his been treated witii 
caihon to cause the foiiiiation of a coaljiig 
of tungsten caibulc Ihib permits highci fili- 
nunt temperatures without coi responding 
e\apoiation of thonum 

CARBONIZED PLATE. A caihon-bUck- 
ened anode treated foi the purpose of me lead- 
ing the heat dissipation 

CARBORUNDUM DETECTOR. See de- 
tector, balanced. 

CARCEL UNIT. A Fiench unit of luminous 
intensity defined as one-tenth >1 the output 
of the Care el lamp which bums col/a oil Tt 
ife appi oximately 0 96 inici national candle. 

CARCINOTRON. A backward-wave, oscil- 
lator tube. 

CARDINAL POINTS OF A LENS SYSTEM. 
The focal points, the principal points and the 
nodal points constitute the cardinal points of 
a lens system 


CARDIOID CONDENSER. An optical sys- 
tem for conccntiating light on an object for a 
comfiound micioscoiic It contains a cardioid 
surface of niolution as a mirror 

CARDIOID MICROPHONE. See micro- 
phone, caidioid. 

CAREY-FOSTER BRIDGE. See bridge, 
Carey Foster. 

CAREY-FOSTER METHOD OF CALIBRA- 
TION. A method ot calibrating a non-uni- 
foiin slide -wire of a Wheatstone bridge (see 
biidge, Wheatstone) by interchanging two 
nearly equal residanccs 

CARNOT CYCLE. An ideal c\cle of four re- 
\crsible ch urge's in the physical condition of a 
siihstinec, usclul in thermodynamic tlieorx' 
Stilting with specified \ allies of the ^aiiahle 
tcnipciitriL, s])eeifK volume, and jriessurc, 
the substance undcigocs in succession (1) an 
isutheimil (constant temper atuio) expansion, 
(2) in achah itie txjrinsion (see adiabatic 
l>rocesses) and (3) an isotherm il compres- 
sion to biidi a point that (4) a further adi- 
ahitic compression will letum the substance 
to its oiiginil (onehtion These changes are 
re presented on tire \ oluiue-picssuie diagram 
le^ptetjveh h\ (ih hr ce/, ind da in the ac- 
eniupiiiMiu figure Or the cycle may be re- 

\ c 1 s( ( 1 a d < h a 



iiLol i\f]L on \-i irn irul ctJ ibothermals 

be ind dn luinbatRs 

In the former (clockwibe) case, heat is 
taken in fiom a hot source ind work is done 
by the hot substance during the nigh-tem- 
pcratuie xpansion a6, also additional work 
lb done at the expense of the thennal energy 
of the substance during the further expansion 
be Then a less amount of work is (lone on 
the cooled substance, and a less amount of 
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heat discharged to the cool surroundings, dur- 
ing the low-temperature compression cd\ and 
finally, by the further application of work 
during the compression da, the substance is 
raised to its original high temperature. The 
net result of all this is that a quantity of heat 
has been taken from a hot source and a por- 
tion of it imparted to soinetliing colder (a 
“sink^^), wliile the balance is transformed into 
mechanical woik rei)resentcd by the area 
abed. If the cycle takes place in the counter- 
clockwise direction, heat is transfcTrocl from 
the colder to the warmer surroundings at the 
expense of the net amount of energy which 
must be supplied during the process (also 
represented by area abed). The operation of 
the cycle thus illustrates the second law ‘of 
thermodynamics. 

CA.RNOT THEOREM. Ko engine oi)erating 
between two giv^c'ii temperatun's can be more 
efheient than a ])erfeclly reversible engine 
operating between the same temperatures. 
(See Caniot cycle.) 

CARRIER. (1) An entity ea])able of carry- 
ing electric charge through a solid-'-as, for 
example, holes and mobile conduction elec- 
trons in .semiconductors. (2) A wave suitable 
for being modulated to transmit intelligenee. 
The modulation ^e])re^ents thi' information; 
the original wave is used only ns a “carrier’’ 
of the modulation. Usually thought of as a 
sinusoidal w'ave of radio frequency. (3) A 
(piantity of an eh'inont which may be mixed 
with radioactive isoto])es of that oh’inent giv- 
ing a inmderable (pianlity to facilitate chem- 
ical operations. (4) A substance in ponder- 
able amount wliieh, vvlum associaterl wdtli a 
trace of another substance, will carry the 
trace wdtb it through a cheinieal or ])hysical 
j)rneesfe. especially a precipitation process. If 
the added substance is a different element 
from the trace, the carrier is called a non- 
isotopic carrier. (5) Sec carrier of observed 
band system. (6) Sec hold-back agent. 

CARRIER-AMPLITUDE REGULATION. 

The change in amplitude of the carrier wave 
in an amjditude-modulated (see modulation, 
amplitude) transmitter wdien modulation is 
applied under conditions r ' svmmetrical mod- 
ulation. The term “carrier shift,” often ap- 
plied to this effeci , should not be used. 

CARRIER COLOR SIGNAL. In color tele- 
vision, the u\ iebands of the modulated color 


subcarrier (plus the color subcarrier, if not 
suppressed) wdiich are added to the mono- 
chrome signal to convey color information. 

CARRIER, CONTROLLED (VARIABLE 
OR FLOATING). A system of compound 
modulation wherein the carrier is amplitude- 
modulated by the signal frequencies in any 
conv(‘ntional manner, but, in addition, the 
carrier is also amplitude-modulated in ac- 
cordance with the enveloi)e of the signal, so 
that the percentage of modulation, or modula- 
tion factor, remains lelathTly constant re- 
gardless of the amplitude of the signal. 

CARRIER CURRENT. A relatively high- 
frc'cpieney a e superimposed on the ordinary 
eirruit frecpiencdes in order to increase the 
U'^efulness of a given transmission line. In 
the ea’^e of powder systems, carrier currents 
of M'veral kilocycles freciuonry are coupled 
to tlie nO- cycle ti ansmi.ssion lines. These car- 
rier eiirroiits may bo modulated to provide 
telephone eommiinieation hetw^een points on 
the pow'or system, or they may be used to 
actuate relays on the system. This latter use 
is known as (‘arrier iTlaying, Carrier cur- 
rents have grcjrtly extended the usefulness of 
('xisting line facilities of tlie teleplione and 
telegraph eonq)anies. Several carrier fre- 
(jueneies may be coupled to the lines already 
having regular voice or telegraph signals on 
them. Each of these carrier frecpiencies may 
be modulated wdth a separate voice or tele- 
giapli chaxiiiel, and thus a given line may 
carry the regular signals plus several new^ 
carrier cliannels, each of wdiieli is equival(‘nt 
to another circuit at ri'gular frequencies. At 
the receiving end the various channels are 
separated by filters, and the signals demodu- 
lated, and then fed to conventional phone or 
telegraph circuits. 

CARRIER DENSITY. In thermal equilib- 
rium, the density, n, of electrons, and p, of 
holes in a non-degenerate semiconductor are 
related by the equation 

np = NcN, exp (-Eo/kT) 

wdiere Ea is the width of the energy gap be- 
tw^cen the valence band and the conduction 
band, and AT,,, No are the effective densities 
of states in these bands, i.e., 

Nc = N, = 2(2irmfcr/ft2)H. 
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CARRIER FREQUENCY. In a periodic car- 
rier, the reciprocal of its period. The fre- 
quency of a periodic pulse carrier often is 
called the pulse-repetition frequency (prf). 

CARRIER-FREQUENCY PULSE. See 
pulse, carrier-frequency. 

CARRIER-FREQUENCY RANGE OF A 
TRANSMITTER. The continuous range of 
frequencies within wdiich tlie transmitter may 
be adjusted for normal operation. A trans- 
mitter may have more than one carrier-fre- 
quency range. 

CARRIER-FREQUENCY STABILITY OF A 
TRANSMITTER. A measure of the ability 
of the transmitter to maintain an assigned 
av(*rage frequency. 

CARRIER, MAJORITY. The tvpe of cairier 
in a semiconductor (see carrier (1)) consti- 
Inting more than half of the total number of 
carri(‘r.s. 

CARRIER, MINORITY. (1) A carrier in a 
semiconduclor (see carrier (1)) of type op- 
])()site to that eharact eristic of the matciial, 
g , a hole in an n-type semiconductor. The 
})io])ertics of rectifiers and transistors depend 
on tlic fact (hat minority carriers aie not op- 
posed by the space chaigc' built iiji by the 
majority earners, and hont'o may lie injected 
latlier easily into the material (2) The tvpe 
of carrier in a semiconductor, constituting less 
than luilf tlie total numln'r of carriers. 

CARRIER NOISE LEVEL (RESIDUAL 
NtODUI.ATION). Se(‘ noise level, carrier 
(residual modulation). 

CARRIER OF OBSERVED BAND SYSTEM. 

The molecule giving rise to the observed band 
system The term carrier is ajipliecl m ex- 
periments where more than one molecular 
species is present. 

CARRIER RELAYING. See carrier currents. 

"CARRIER SHIFT” (ASYMMETRICAL 
MODULATION). The production of un- 
equal amplitudes of positive and negative 
modulation peaks due to nonlinearities in the 
modulated stage. This effect may be re- 
garded as a siiift in carrier amplitude or 
power, and not as a shift in carrier frequency 

CARRIER SUPPRESSION. That method of 
operation in which the carrier wave is not 
transmitted. 


CARRIER-TO-NOISE RATIO. The ratio of 
the value of the carrier to that of the noise 
after selection and before any nonlinear proc- 
ess such as amplitude limiting and detection. 

CARRIER WAVE. See radio communica- 
tion. 

CARRY. (1) A condition occurring in addi- 
tion \\lien the sum of two digits m the same 
column equals or exceeds the base of tlie num- 
ber system in use. (2) The digit to be for- 
warded to the next column. (3) The action 
of forwarding it. 

CARRY, CASCADED. A system of execut- 
ing the carry process in which enrry informa- 
tiyn can lx* passed on to place (N -\ 1) only 
alter the .Vlh place has received carry m- 
foimation or ha.^ it -.elf jiroduced a carry. 

CARRY, COMPI.ETE. A system of execut- 
ing the carry process in wliich all carries and 
liny carries to which they give rise are allowed 
to propagate to completion. 

CARRY, SELF-INSTRUCTED. A .system of 
executing the carry process in which informa- 
tion IS allowed to propagate to succeeding 
])laces as it is generated and witliout recei])t 
of a s]H‘ciric signal 

CARRY, SEPARATELY-INSTRUCTED. A 

'^ys|('m ol executing the carry process in which 
carry information is allowed to projiagate to 
succeeding i)laccs only on receipt of a specific 
signal. 

CARTESIAN COORDINATE. Numbers 
used to locate the position of a point relative 
u ini ei sect mg axc^' two if m a plane and 
throe m ^i)ace. If the axes intersect at right 
angles, the coordinate's arc* rectangular Car- 
tesian, if the axes are not perpendicular, the 
coordinates are oblique. Since the latter arc 
seldom used, the designatiem Cartesian fre- 
quently means rectangular Cartesian. See 
also abscissa, ordinate, and rectangular co- 
ordinates. 

CARTESIAN OVAL. (1) A curve defined as 
the locus of a point P that move.s so that its 
distance from tlie origin 0 (o,o) and the point 
A ((t,o) in rectangular coordinates satisfy the 
relation AP ±b-()P±c, where 6 and c 
are given positive constants (2) An aplan- 
atic refracting surface having the equation 
na = n'o' = constant, where a and a' are the 




Carvallo Paradox — Catenary Curve or Cable 


128 


distances from object and image, rc\spectiv(‘ly; 
to the refracting surface. 

CARVALLO PARADOX, If white light con- 
sists of a combination of infinitely long w^ave- 
trains, a spectrograph should show the spec- 
trum both before the soui’(‘e is lighted and 
after it has gone out. The mistake lies in the 
assumption that tlie spectroscope selects light 
of exactly c»ne w^avidength. A sjX‘ctroscopc 
alw^ays sel(*cts a group of waves covering a 
small but finite range of frequency. Such a 
group may he considered as made up of an 
infinite series of pure harinonie waves whieh 
interact so as to give zero n'sultant hc'fore the 
source is lighted and shoilly after it has gone 
out. ^ 

CASCADE, (1) Any connected arrangement 
of separative elements whose rcMill is to mul- 
tiply the effeci, such as isotope separation, 
created by the individual eleuK'tiU A Inibhle 
1 date-tower is a cascade wduKso elenu'nts are 
the individual plates; a ])l‘iiit consisting of 
many low'ers in series and parallel is '-imihirlv 
a cascade whose elements may be consideri'd 
to bo either the tow'ers or the individual plates. 
Similarly, an amplifn'r in which eacli stage 
('xcej)t tlie first has as its input the oiitfHit of 
the pnM’oding stage is sjKiken of as a cascade 
am])]ifier. (2) See tandem. 

CASCADE, IDEAl.. A cascade wherein the 
iiumher of elements in parallel and tlie flow 
in eaili st'jge v^ary continuously in such a w'ay 
tlial a inmimum number of separative ele- 
iiiuilh arc Used to })iu(luce material of a s])oe- 
itieil concentration. 

CASCADE SIIOWtlR. A type of cosmic ray 
shower brought about v^hel 1 a liigh-cn( rgv 
electron, in passing through matter, produces 
one or more photons of eiUTgies of order of 
magnitude of its owm. Tliese plioton.s are 
converted into electrons and jiositrons by the 
process of ])air production. Then the sec- 
ondary elections produce the same (dfects as 
the primary, so that the proce.ss continues, 
and the number of particles increa'^es. This 
cascade shower of eh'ctrons and fiositrons con- 
tinues to build up until the energy level of 
]m)duct particles falls t'^ a point vvliere pho- 
ton emission and pair production can no 
longer occur. 

CASCADE THEORY (OF COSMIC RADIA- 
TION). Theory of multiplication of elec- 
trons, positions and y-rays in the passage of 


a cosmic ray particle through matter, espe- 
cially through the atmosphere. Developed 
independently by Bhabha and Heitler and by 
Carlson and Oppenheimer. The y-rays are 
produced by bremsstrahlung and in turn lead 
to pair production. 

CASSEGRAINIAN TELESCOPE. A re- 
flecting telescope in which a secondary convex 
mirror reflects the light from the collecting 
mirror back through a hole in the center of 
the collecting mirror. The first real image 
is commonly formed just beliind the collecting 
mirror. (See Newtonian and Gregorian tele- 
scopes.) 

CASSETTE. A film holder for photographic 
film. 

CATACAUSTIC. A caustic produced by re- 
flection. 

CATADIOPTRIC. Pertaining to, lu^oduced 
by, or inv'ohdng, both the reflection and the 
relraction of light. 

CATAPHORESIS. Preferably called eTcc- 
trophoresis, 

CATCHER. See klystron. 

“C:ATCIIER” gap. in a klystron, the gap 
or grid which n'ceives energy from tlie 
humdied or velocity-modulated electrons. 

CATCHING DIODE. A diode und to 
‘^•alch” or clamp a voltage at some point in 
a circuit. 

CATELECTRODE. The cathode. 
CATENARY. The locus of the equation 

y = ~ = a cosh - • 

2 a 

CATENARY CURVE OR CABLE. A homo- 
geneous flcxilile cable, when suspended from 
two fixed points and allowed to hang freely, 
assumes the form of a catenary curve. The 
equation for a catenary cable with a linear 
mass density p is 

A ^ pgx 
?/=='- cosh — 

pg A 

where g is the acceleration of gravity and A 
is a constant equal to pg times the perpen- 
dicular distance from the x-axis to the lowest 
point of the catenary. (Sec also equilibrium 
of a flexible string.) 
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Cathamplifier — Cathode, Indirectly Heated 


CATHAMPLIFIER. An amplifier circuit 

with high input impedance which permits 
push-pull operation from an unbalanced 
source. 

CATHETOMETER. A type of comparator, 
consisting of a telescope sliding on a vertical 
scale and provided with cross hair and a 
vernier. This instrument is used to nu-:i‘'urc 
heights of liquid columns, or other differences 
in level. 

CATHODE. (1) In general, the eleetrod*' at 
which positive current leaves a device which 
employs electrical conduction other than that 
through solids. (2) In an electron tube, the 
electrode through which a [iriiiiary stream of 
electrons enters the intcrclcctrode .space. 

(3) The negative terminal of an electroplat- 
ing cell (i e., the electrode Irom which elec- 
trons enter the cell, and thus at winch jiosi- 
tivelv charge<l ions (cations) are discharged) 

(4) 'I'lic jio'-itive tenninal of a battery. 

CATHODE-BIAS ARRANGEMENT (SELF- 
BIAS ARRANGEMENT). The use of a re- 
si'tor in the cathode circuit of an electron lube 
to cause the c.athode to be at some potential 
above ground If the grid is caused to be at 
ground potential, the net lesult will he that 
the grid IS negatne to the cathode bv the 
amount tliat the eathwle is posit iv- with re- 
spect to gioiind The grid-cathode volt ige 
may thus be adjusted by changing the ni ig- 
nitude of the cathode rp-istanee Unh ^ 
properly bypassed, the iiiserliin of th*' le- 
sistanee results in a certain amount of lo-s 
of amplification, because of negative feed- 
back. 

CATHODE, COLD. (1) A cathode in an 
electron tube or a gas discharge tube, tb ^ 
functions without the application of heat 
(2 1 A speeifio cold cathode is an electrode 
Used to furnish electrons hy secondary emis- 
sion, sonietiines used in the ions source of a 
mass spectrometer. 

CATHODE CURRENT. See electrode cur- 
rent 

CATHODE DARK SPACE. In a gas dis- 
charge tube, the dark band between the 
cathode glow and the negative glow. Also 
known as Crookes dark space or Uittorf dark 
space. 

CATHODE, DIRECT - HEATED (FILA- 
MENTARY). See filament 


CATHODE DISINTEGRATION. The de- 

stniction of the active area of a cathode by 
pOMtivo-ion bomhardment. 

CATHODE DROP. See cathode fall. 

CATHODE FALL. In a glow discharge 
tube, the drop in potential (usually the larger 
part of the total potential) which oeeurs in 
the small di-^tance between the cathode and 
the plasma boundary. 

CATHODE FLICKER EFFECT. See flicker. 

CATHODE FOLLO>>ER. A circuit in 
winch tlii‘ output load connected in the 
cathode circuit of an electron tube, and the 
input is applied Ixdween the control grid and 
tlie 1 emote end of tlie eatiiode load. The cir- 
cuit IS ohanwtcj/^<! by low output imped- 
ance, high input iiiipedance, and gain less 
than umtv under most op(‘ratmg conditions. 
(See amplifier, grounded-plate.) 

CATHODE GLOW. At sufficiently high 
voltage, a glow exists about the negative 
terminal of an arc. By operating the are at 
low j)n^‘'Siiro (m partial vacuum, as in a gas 
discliarge tube), this alow may fill much of 
the tube, lying betwTcn the cathode dark 
space and llu‘ Aston dark space. A substance 
Iilae(‘d on the f'atliode will jiroduce its char- 
aelcTislK* spi'clrum in the cathode glow' Also 
called "'(flnn/nsrhirht mcOwd.'' However, in 
many discharge's botli tlie Aston dark siiaee 
aiu^ tlie cathode glow will be absent or indis- 
cernible 

CATHODE HEATING TIME (OF A GAS 
rf^BE). The time required for the cathode 
to attmn operating temperatm’e wdtii normal 
voltage a])plied to ihe heating element. 

CATHODE HEATING TIME (OF A VAC- 
UUM TUBE). The time reepiired for the 
time latc of change of the eatlioele current to 
reach maximum value All eh'clretde voltages 
should remain const ant during measurement. 
The tube elements should all he at room tem- 
pe^rature at the start of the test. 

CATHODE, HOT. See cathode, thermionic. 

CATHODE, INDIRECTLY HEATED 
(EQUIPOTENTIAL CATHODE, UNIPO- 
TENTIAL CATHODE). A cathode of a 
thermionic tube to which heat is supplied 
by an independent heater element. 


Cathode, Ionic-heated — Cathode-ray Tube After-acceleration 
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CATHODE, IONIC-HEATED. A hot cath- 

ode that is hoated primarily by ionic bom- 
bardment of the emitting surface. 

CATHODE, LrTYPE. An oxide cathode in 
which the emitting material is held in a reser- 
voir instead of being applied in the form of 
a coating. Increased emission, life and re- 
sistance to gas poisoning result from this 
structure. 

CATHODE LUMINOUS SENSITIVITY (OF 
A MULTIPLIER PHOTOTUBE). Tlic quo- 
tient of photocathode current by incident 
luminous flux. The term photocathode cur- 
rent as hero used does not include flie dark 
current. 

CATHODE MODULATION. See modula- 
tion, cathode. 

CATHODE, PHOTO. A cathode in which 
the energy for omission of electrons is obtained 
])rimarily from light energy. 

CATHODE PULSE MODULATION. Pee 
modulation, cathode pulse. 

CATHODE RAY(S) (CATHODE STREAM). 

Originally, this term applied generally to a 
stream of elcetrons omitted from tlic cathode 
of a gas discharge tube, during its bombard- 
ment by positive ions. The term lias been 
extended to denote any stream of electrons, 
such as those emitted by a heated filament. 
The (‘initted electrons are cajiable of causing 
phosphorescence, chemical changes, mechan- 
ical effects; they can raise the temperature of 
bodies which are subjected to their bombard- 
ment, penetrate solids, and give rise to x-rays. 

CATHODE-RAY FURNACE. A very high 
tcmpei'atiire furnace used to heat small ob- 
jects in a vacuum by bombarding them with 
intense electron beams. 

CATHODE-RAY LAMP. An intense light 
source of small area obtained by directing a 
be.ain of ek'ctrons against a small block of 
refractory material which is thereby heated 
to incandescence. 

CATHODE-RAY OSCILLOSCOPE. See 
cathode-ray tube operated as oscilloscope; 
also oscillu^rope, cathode-ray. 


CATHODE-RAY TUBE. A special form of 
vacuum tube used in various electronic appli- 
cations, e.g., as the picture tube of the tele- 
vision receiver and as an oscilloscope tube. 
The tube consists fundamentally of three sec- 
tions enclosed in an evacuated bulb. The first 
is the electron gun which produces and pro- 
jects down the tube a beam of electrons. This 
gun has a cathode, usually indirectly heated, 
which emits a plentiful supply of electrons, 
then a grid which controls the number of elec- 
trons drawn towards the anode and finally 
the anode. Both the grid ^md anode are dif- 
ferent in stnicture from the corresponding 
elements of the conventional vacuum tube. 
They consist of metal cvlinders. coaxial with 
the cat bode and closed at the end except for a 
small circular hole Many of the* electrons 
which are drawm towards the anode under 
the infliirnce of the grid and anode voltages 
pass through these holes and are projected as 
a beam into (he mam part of the tube. Here 
they arc focused upon the screen by electric 
or magnetic fields in a manner analogous^to 
the focusing of light rays by a Ions system. 
Tn passing down the tube the beam passes 
betw^ecn two sc'ts of platc'S, called deflecting 
filates, which are perpendicular to one an- 
other. A voltage applied to either of these 
sets will (ledcet the beam tow^ards the positive 
plate. Sometimes the plates are omitted and 
coils out.^idc the tube substituted. A current 
tlirough the coils wull set up a magnetic field 
and hence cau^e deflection of the beam. 
Finally the benm liits the screen wdiich is a 
coating on the end of tlie tube of some mate- 
rial winch will fluoresce under the impact of 


Deflt^cting 



the electrons. Reference to the figure will 
show^ Die relative positions of the various parts 
of the tube. (See also kinescope.) 

CATHODE-RAY TUBE AFTER-ACCEL- 
ERATION (POST-DEFLECTION ACCEL- 
ERATION). A system in which the electron 
beam of a cathode-ray tube receives a part 
of its energy by being accelerated after being 
deflected. 
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Cathode-ray Tube Deflecting Coils — Cationic Current 


CATHODE-RAY TUBE DEFLECTING 
COILS. A pair of coils which provide the 
magnetic field for electromagnetic deflection 
of the electron beam. 

CATHODERAY TUBE, DEFLECTION 
DEFOCUSING. The change in spot size or 
beam width due to the deflection process. 

CATHODE-RAY TUBE, DEFLECTION 
SENSITIVITY. The ratio of deflection ob- 
tained on the screen to tlic voltage required 
to produce this deflection. Commonly U‘-ed 
dimensions are volts, d-c, per inch (centi- 
meter) ; volts, rms per inch (centimeter), 
volts, peak-to-peak per inch (centimeter). 

CATHODE-RAY TUBE (OPERATED AS 
OSCILLOSCOPE OR TEI.EVISION PIC- 
TURE TUBE). The oscilloscope is used pri- 
marily for studying the current or voltage 
nave forms present in a circuit nhicli is being 
investigated. Tf llic voltage being studied is 
coiuioeled to one set of the deflecting plates 
it vmII cause the electron beam in tlie tube to 
move back and forth as tlie voltage varies. 
This will cause the fluorescent spot on the 
scre(‘n to move, and due to the persistence of 
the screen it will ap]>ear as a line. If now, 
another voltage is placed on tlie other set of 
plates it will move the beam and lienee the 
screen spot, the resultnnt being a line pattern 
which is a combination of the elTects of both 
voltages. Usually the second voltago is a 
sawtooth wave which gives linear (with re- 
spect to time) deflection of the spot and hence 
the pattern will be the same as if the first 
wave were plotted on conventional rectangu- 
lar coordinates For current study either the 
voltage drop, caused by the current through 
a resistor, is used or Ihc current is passeo 
through the coils of the magnetic deflection 
type. For use as a television picture tube 
the picture signals are applied to the various 
electrodes so the fluorescence of the scrcim 
is a reproduction of the original scene being 
televised. 

CATHODE-RAY TUNING INDICATOR. 
Sec tuning indicator. 

CATHODE SHEATH. In a gas discharge 
tube, the region between the cathode and 
plasma across which the cathode fall appears. 

CATHODE SPOT. See mercury-arc tube. 


CATHODE SPUTTERING. A method of 
depositing extremely thin layers of metal on 
a surface. The metal to be deposited is used 
as a cathode which is heavily bombarded by 
positive ions in a medium vacuum, using a 
potential difference of some 10,000 volts. The 
small droplets of molten metal released by 
the intense cathode action are allowed to fall 
uniformly upon tlie object to be plated. 
Sputtering is done m<*--t successfully in an 
atmosphere of one of the rare gases. 

CATHODE, THERMIONIC. In an elec- 
tron tube, a cathode which emits electrons 
on luxating. If the heating is accomplished 
by the passage of an electric current (lireetly 
through the caUiode, it is known as a directly- 
luxated catliode, or filament; otherwise it is 
an indiH'ctly-heated cathode. * 

CATHODE, UNIPOTENTIAL. Another 
name for an indirectly-heated cathode, so 

iuime<l hecause the total cathode is essentially 
at the same potential (See cathode, therm- 
ionic.) 

CATHODE, VIRTUAL. The region in the 
interaction space of a vacuum tube where the 
electric field is zero. 

CATIIODOLUMINESCENCE. By bom- 
barding a metal with electrons in an enclosure, 
as with cathode-rays, small amounts of the 
melul are va])onzed in an excited state, and 
emit radiation characteristic of the metal. 

CATIIODOPIIOSPHORESCENCE. Phos- 
phorescence as a result of cathode-ray bom- 
bardment as by the process described for 
cathodoluminesccnce. 

CATION. A positively-charged ion. Cations 
are those ions that are deposited on the 
cathode. They travel in the nominal direc- 
tion of the current. In electrochemical reac- 
tions lluy arc designated by a dot or a plus 
sign placed above and behind the atomic or 
radical symbol as H' or 11+, the number of 
dots or plus signs indicating the valence of 
the ion (See cell; ion; anion.) 

In electrolysis, the cathode is negative, and 
attracts cations. In a battery, the deposition 
of cations on the cathode makes it the posi- 
tive terminal. 

CATIONIC CURRENT. That portion of the 
total current which is carried by cations. 
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CATHOLYTE. The liquid found in the irn- 
inediate neighborhood of the cathode during 
electrolysis. 

CAUCHY BOUNDARY CONDITION. Ap- 
plied to ix partial differential equation and 

consisting of the value of a function and ils 
normal derivative, specified along a bounding 
curve. Such conditions are apfiropnate for 

hyperbolic equations, (Sec also boundary 
condition, homogeneous.) 


CAUCHY INTEGRAL. If a function of the 


complex variable, fiz) is analytic and single- 
valued inside and on a simple closed curve C, 
then the function may be represented by the 
Cauchy integral 


f(z) 


Jc ^ — z 


for any value of z inside the curve. The only 
singularity within the contour is the simple 
])ole at f - z. (See also calculus of residues.) 


CAUCHY CONVERGENCE TEST. If 
lim < 1, 

n— »oo 

then the infinite series 

E.s-„ 

n --1 

converges absolutely A corollary, known as 
the Cauchy ratio test, or sometimes as 
d’Alembert’s test, im olvcs 

lim = r. 

n ♦ o 

If r > 1, the series converges; if r < 1, it 
diverges; if r = 1, the test fails and (he seiies 
may either converge or di\(‘ige For a more 
gen(Tal tlieorem on I ho cM'^tence (d a limit, 
alf^o given l\y Cauchy, see convergence. 


CAUCHY FORMULA FOR REFRACTIVE 
INDEX. There is no 'simple com])k*te formula 
expressing the index of refraction of a medium 
as a function of wavelength. A number of 
semiempirical formulas have been used. Chie 
of these is 


o 


where is a constant charact('ristie of the 
mat(Tial and X| is an idealized absorption 
wavelengtli of the medium. When Xi « X this 
reduces to 


= 1 + + 


AiXr 

X2 


H 

or n — A + ((^auchy Formula). 
X^ 


A better approximation is 

B C 


CAUCHY RELATIONS. If the forces be- 
tween the atoms in a crystal lattice are cen- 
tral forces, and if every atom is in a center of 
hymmetry (see symmetry, center of), then 
certain relations hold between tlie elastic 
moduli of the unstrained ciystal. Ionic crys- 
tals satisf}'’ these conditions fairly well, but 
metals do not, because the metallic bond is 
non-central, offering little resistance to shear- 
ing of 11u‘ latti(*c. 

CAUCIIY-RIEMANN EQUATION. If du/dx 
— Ov (}// and du/Oi/ - —dr'di, where u itnd 
?» are both functions of x and y, these ecjua- 
tioiis vmU be satisfied for an analytic function 
(h -I iv) of the complex variable z - (x + 
??/) Th(‘y are often us(‘d to show that such 
a function \b analytic. (See also the Laplace 
equation.) 

CAUCHY THEOREM. If /(c) is an analytic 
function of a complex variable z which has 
no singularities within or on a given closed 
curve C\ then 



where the integral is extended over the (mtire 

contour C. 

CAUSALITY. (1) The hypothesis that a pre- 
cisely dett'nnined set of conditions will always 
produce jireciscly the same effects at a later 
time. Classical physics was based on firm 
belief both in jihilosophical causality and in 
the idea that the precise detennination of the 
initial conditions was possible in principle. 
Quantum mechanics is based rather on the 
Heisenberg uncertainty principle, w hich indi- 
cates that such precise detennination is im- 
possible. (2) Condition that an event cannot 
produce any effect outside of its future light 
cone. (See Kramers-Kronig dispersion for- 
mula.) 
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Caustic — Cell, Clarke 


CAUSTIC. An envelope curve giving the 
boundaries of an intially parallel beam after 



reflection or refraction by an optical system 
which has sphcncal aberration. 

CAVENDISH EXPERIMENT. An (‘xperi- 
inental inctliod developed in the eic;}itecnth 
century by Henry (^avendi^ll to iiiea'^ure tlio 
universal c(»n>iiant of p^vavitatu^n (t 1 ho 
method emphiys a toi>ion balance to whicli 
are fastened tut) metal hplu res. Tlie con- 
trolled iiresonco of other larp,c ma^^ses cam-cs 
the balance to deflect. From a knov\led<;e of 
till' inas'^es arul the force ol alti’action, the 
con^^tant (j can bo comimied liy the apiilica- 
tion of the Keuton law of miiversal gravita- 
tion. (See gravitational constant.) 

CAVITATION. The iornntion of - 'ca* cavi- 
ties in a litjUid as a result of the ri'duction of 
total pressure. For iioii-degasscd la pud . 
these cavities arc filled with the gti^es (IF- 
solved in the liquid and are jiroduced \vhen- 
cver the instantaneous pressure falls below 
the vapor pressure. This effect is sometimes 
called pseudo-cavitation, to distinguish it 
from the effect in pure degas'-ed litjuids, where 
an actual rupture of tlie nH'fliiun occuis (a 
much higher sound pressun's). C()lla]i^c of 
sucli cavities produces v('ry large im])ulsive 
pressures that may cause considerable me- 
chanical damage to neighboring solid surtaces 

CAVITATION NUMBER. A non-diineii- 
sional parameter, 



where po is the pressure at a reference posi- 
tion in the flow, p' is the vapor pressure. />pv 
is the kinetic pressure. It provides a measure 
of the risk of cavitation oecurring in a par- 
ticular flow system. 


CAVITY RESONATOR. A space normally 
bounded by an electrically conducting surface 
m uliich O'Neil I ating electromagnetic energy is 
stored, and \Nhose resonance frequency is de- 
tcrimuefl by the geometry of the eiiclowsure. 

CAYLEY-KLEIN PARAMETER. One of a 

set of four (piantitics used to describe the 
Ol 11‘ntatioii of a rigid body. They are not 
Inu'arly independent but may be expressed 
m t(‘rm.^ of the Euler angles. A\ hen com- 
hiiud int<i matrix ecpritions tluy are related 
to the Pauli spin mati'ices which occur in 
(juanlum mcclianics (See also Euler-Rod- 
rigucs parameters.) 

CEILING, in general, the toial distance 
fi <1)111 giound or \Md(‘r veiticallv to tlie base 
(d (‘loud layer tliat, in summation with 

all lovNd’ layers ol i loiids and oiiscuring yihc- 
nomena, eoveis Ob or more of the sky. 

CELESTIAT. MECHANICS. Ihe term ce- 
h'stial mechanics is apf)lie(l to that field of 
a‘'tr()n( niical study and res(‘arcli which deals 
’<Mth the motion^! of two or more bodu'^ in 
spaei' under the mfliKmee of their mntiial 
gravital lonal attractions The fundamental 
ehmemts ol the subject aie found in the New- 
tonian law' of unneisal gra vital ion, Ihe huc< 
ol motion, and the Keph'riaii laws of plaue- 
taiy motion In tlie elassieal theory wt find 
''pace of three dinu'nsioiis treated, wifli time 
(*on>idered as an indcp(md(‘nt variable With- 
in r(‘C(‘nt yeais some sliglit modifications of 
the rla‘‘deal ihcor>\ ])articularly w'lien the 
time interval is vctv long or velocities and 
accelerations are vciy liich, have become nec- 
essary on account of the theor>^ of relativity. 
Fm'er t]i(‘ general lieading of celestial me- 
chanics WT find such problems discussed a'< 
the deve]opm(‘nt of the various methods for 
<^rhit coinjuitation, methods for computing 
pei'turhaljons, and solutions of tlio problem 
of three bodies. 

CELL. ( 1 ) A limited region of space, spe- 
cifically m phase space. ( 2 ) An electrical 
coll (Pec cell, electric.) ( 3 ) A physical de- 
vice of small dimensions, used as part of a 
larger device, e.g., Kerr cell or absorption cell. 

CELL, AVAILABLE ENERGY OF. The 

electrical c nergy available from a reversible 
cell is the thermodynamic free energy change 
of the process occurring in the cell. 

CELL, CLARKE. See cell, standard. 


Cell, Concentration — Cell Internal Resistance 
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CELL, CONCENTRATION. An electric 
cell (see cell, electric) in which the electrical 
energy is derived from the free energy change 
accompanying the transfer of a substance 
from a system of liigh concentration to one 
of low concentration. If the transfer is across 
the interface between two solutions of the 
same electrolyte at different concentrations, 
there is a direct transfer of electrolyte. On 
the other hand, two similar voltaic cells con- 
taining eh'ctrolyte at different concentrations, 
connected back-to-back, form a concentra- 
tion cell in which the transfer of electrolyte 
is indirect. 

CELL, CONDUCTIVITY. See conductivity 
cell. 

CELL CONSTANT. The conductivity of an 
electrolyte is invensoly proportional to the 
ohhcrved resistan (‘0 of the conductance cell. 
Tlie proportionality constant rleiKuids on the 
geometry of the cell, and is called the cell 
constant. It is most readily determined by 
measuring an electrolyte of known conduc- 
tivity. 

CELL, DISPLACEMENT. An electric cell 
(sec cell, electric) in wliicli the (’^^eiitial 
ohomical reaction is the ionization and entry 
into solution of atoms of one ('lenient, and the 
discharge and di'position from solution of tiu* 
ions of another. A w^ll-known displacement 
cell is the Darnell cell, in which metallic zinc 
dissolves in a zinc sulfat(* solution, yielding 
zinc ions, while copper ions are discharged and 
deposited from a copjier sulfate' solution, wdth 
accompanying flow of electricity in an external 
circuit. 

CELL, DRY. An electric cell (see cell, elec- 
tric) in which Die electrolyte' is a danij) paste, 
ratlicr than a free licpiid, and thus produces a 
device more convenient for many purpose's, 
including portable applications in flaslilights. 
Another common feature of design of dry 
cells is that one of the edectrodes is made in 
the shape of a cup which contains the electro- 
lyte-depolarizer mixture, and in which the 
other electrode is centered. 

CELL, ECHELON. A 1 odow^ glass vessel of 
triangular horizo’^tal cross-section used in ab- 
sorption spectruy^^.phy, because of its con- 
venience ir adjusting the thickness of the 
layer of tl . absorbing liquid to any value up 


to that represented by the altitude of the tri- 
angle constituting the section of the cell. 

CELL, ELECTRIC. An apparatus for the 
transformation of chemical into electrical 
energy or the reverse. The essential parts 
of the cell are the containing vessel, the elec- 
trodes, and the electrolyte solution. The elec- 
trodes are usually plates of metal or carbon 
immerse'd in the' clccfiolytc solution; the clec- 
Iroele by wdiich the current leave's the cell is 
tennod the cathode, and that through which 
the curremt enters is callel Die anode. 

CELL, ELECTRODE CONCENTRATION. 

A ceujcentration coll (see cell, concentration) 
having a uniform electrolyte, and electrode of 
the same metal at different concentrations, as 
in (lilTcroiit concentration amalgams. 

CELL EMF (FORMULA FOR). Since the 
ele'clrical work done' by a re'Vi'rsiblc cell equals 
tlie de'ercasc of free energy in the cell reaction 

-A(; = W = FJl = Eq = EnF 

It follow^s that 



vF 


where AD' is the' lie'e energy ebange, n, Die 
number of farada\ s [lassing througli Die cell, 
and F is faraday (96,500 coulombs). 

CELL, GRAVITY. An eloelrolytic cell in 
wdneh Die separation he'tw^eon the two ionic 
.solutions is maintained by means of gravity. 
An example is the Daniell cell in wdiich a 
cupric sulfate solution in contact wdtli a cop- 
per electrode is below a zinc sulfate solution 
in contact wdtli a zinc electrode. The differ- 
ence in sjH'eifie gravity of the solutions pre- 
vents, or at least letards, mixing. 

CELL, HALF. A voltaic cell can be con- 
sidered as two half-cells in series, each con- 
taining electrolyte and a single electrode. 
(See single electrode potentials.) 

CELL INTERNAL RESISTANCE. If a cell 

having an open-circuit emf E is connected to 
a resistance 72, the current will be 

E 

I 

R + r 

The resistance r contributed to the circuit by 
the cell is the internal resistance. 
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Cell, Iron-nickel — Center, Instantaneous 


CELL, IRON-NICKEL. A secondary cell 

(Edison battery) having electrodes of iron 
and of nickel oxide. The electrolyte is a solu- 
tion of potassium hydroxide. 

CELL, LECLANCHE, Tlie Leclanehe cell 
is of particular interest, since in a special form 
it is the eominon ^‘dry-eell/^ It has a carbon 
cathode surrounded by manganche dioxide as 
a depolarizer, a zinc anode, and a solution 
of ammonium chloride as the electrolyte. 

CELL, PRIMARY. An electric cell in which 
electric energy is obtained as the result of a 
eheniical reaction or reactions. Although the 
reactions are approximately reversilile, the 
primary cell as defined is not arranged to 
operate reversibly, cells so oon^t meted being 
called secondary cells. (See cell, secondary.) 

CELL, REVERSIBLE. An eleclric cell (see 
cell, electric) in ^\hich the late of chemical 
reaction varii's coiitiniioiisly and rev('isi!)ly 
u'ilh applied external cnif, and goes through 
71'ro at a particular 

CELL, SECONDARY. An electric coll (see 
cell, electric) in which the interacting sub- 
stances may be restored to thf'ir original 
cliemical form by sending a direct curnait ot 
ehetrieily through the cell in rev^*rse direc- 
tion to tliat of the discharge. Sc'cor lar^ cclK 
are eornmonly used to store and fuinish elec- 
tricity, i e , to aet as a stora‘!,e luittei v. 

CELL, STANDARD. Precise measurement, 
of electromotive force*, as with a potentiom- 
eter, require a constant, known source oi 
voltage. The only jiracticable means of ^u])- 
plyiiig this is by some speeial type of elec- 
trolytic cell, or these, t\^o have been highly 
developed and much iis(‘d. The olde'i* is the 
t'larkc standard cell, which, as imi)roved by 
CJarhart, has a nierenry cathode and an amal- 
gamated zinc anode. The cathode is snb- 
inergcd in a mercurous sulfate paste, and the 
electrolyte is a solution of zinc sulfate satu- 
rated at 0°C. The whole is sealed in a .suit- 
able glass tube. Tliis cell has an electromo- 
tive force of 1.440 volts at with a de- 

crease of 0.00056 vedt per degree rise in tem- 
perature. In 1891 Weston substituted cad- 
mium amalgam for zinc, and a saturated solu- 
tion of cadmium sulfate for the zinc sulfate 
electrolyte, the whole in an //-shaped tube. 
The Weston normal cell has a somewhat lower 
voltage than the Clarke (1.018636 volts at 


20°C), but its temperature coefficient is prac- 
tically negligible. An unsaturated type of 
AWMon cell is much used commercially in the 



cell 

United Stubs It is neither ns permanent nor 
as ief)iodn(‘ibl(* \\\o saturated cell, but is 
poll able and is if'ii timch less sensitive to tem- 
pera! ure cliang(‘8. 

CELL, TYPES OF. The eiiif in a voltaic 
cell can he due lo the presence of an electro- 
lyte* concentration gradient, an electrode solu- 
bility dilfeien(*(*, an electrode rediK ihility dif- 
f(*rcnce, or I Ik* use of non-tnixed different 
ch'ctiolyte^ 

CELL, VOLTAIC, fl) An electric cell (see 
cell, electric). (2) An elect ric cell consisting 
of two (*l(*ctrode^ of dissimilar metals im- 
nu*rsed in a ^ohilion wliich acts cliemieally 
u[)on one or bolli ot them, thus jirochn^ing an 
(*l(*ctroino( iv(' force; this type of cell derives 
its name from I he jihysicist Volta, who dis- 
covered the effect. 

CELS. Abbreviation for Celsius. (See tem- 
perature scale, Celsius.) 

CELSIUS. See temperature scale, Celsius. 

CENT. (1 ) The interval betwf‘eri two sounds 
whose basic frequency ratio is the twelve- 
hundredth root of two. The interval, in cents, 
between any two frequencies is 1,200 times 
the logarithm to the base 2 of the frequency 
ratio. Thus 1,200 <’eiits = 12 equally tem- 
pered semitones ~ 1 octave. (2) In nuclear 
technology, a unit of reactivity. 

CENTER FREQUENCY. Soc canier fre- 
quency. Cenler fmnioiiey is commonly used 
only lor ainal transmitters. 

CENTER, INSTANTANEOUS. The point 
about which a body having general motion 
may be considered to be in pure rotation (i.e., 


Center of Action — Center of Symmetry 
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without translation) for any instant. The in- 
stantaneous center is not necessarily on the 
body; in fact, it can be, in the case of recti- 
linear motion, infinitely distant. 

CENTER OF ACTION. Any one of several 
large areas of high and low baromctiic pres- 
sure, changing little in location, and persist- 
ing through a season or through the whole 
year. Changes in the intensity and i)ositioris 
of these pressure systems are assoeialcd with 
widespread weather changes. 

CENTER OF AREA. See centroid. 

CENTER OF BUOYANCY. The point 
through which the resultant of the buoyancy 
forces on a submerged body act It is cam- 
cident with the center of gravity of Ihe dis- 
placed fluid. 

CENTER OF DISPLACEMENT. Hk cen- 
ter of gravity of the fluid displaced by a 
floating body. 

CENTER OF GRAVITY. For an e\tend('d 
body or collection of parlicl(‘s suliject to the 
carth^s gravitation, the point tlirough vshieh 
the resultant foree of gi’avity acts (io, the 
weight of the body or collection) no matter 
how the body is oriented. In a uniform gravi- 
tational field in whicli the ratio of giavita- 
tional force to mass is always the same, the 
center of gravity is the same as the center 
of mass. 

CENTER OF INERTIA. Se e center of mass. 

CENTER OF INVERSION. A symmetry 
element possessed by certain crystals, where- 
by the crystal can be brouglit into self-coin- 
cidenco by the operation r—^ ~~r, where r is 
the vector position of a point in tlie crystal 
referred to the cent('r of inversion 

CENTER OF MASS. That point in a body 
about which the sum of the moments of all the 
individual masses constituting the body is 
zero. If the individual (point) masses be 
called vij and the vector displacement of rrij 
from some fixed origin be called r,, the center 
of mass is located r from the origin, where 

the summation being exte led over all of the 
masses constituting the body. 

CENTER-OF-MASS SYSTEM. In general, 
any frame .f reference moving with the 


center of mass of a system. Calculations in 
the center of mass system are often simpler 
than in other coordinate systems because the 
total momentum in the former is always zero. 
(See laboratory system.) 

CENTER OF OSCILLATION (CENTER 
OF SUSPENSION, CENTER OF FERGUS- 
SION). The frequency of oscillation of a 
physical jiendulum is given by 

/.I f-H.. 

2. Vt'+P 

where I is the distance from the point of sus- 
pension to the center of mass, and k is the 
radius of gyration. A simple pendulum hav- 
ing the same frequency will be of length 

1 ^^ + 


The ])()int which lies at a distance U from 
the point of suspension tin the line through 
the point of suspension and center of mass 
is called the center ol oscillation It 4ho 
physical ])enduluni were to be suspenrled from 
this point, its frequency would be tlie same 
as for the original point of suspension (See 
also pendulum, physical; pendulum, simple.) 

CENTER OF PERCUSSION. That poiiit 
(with respect to a given point of suspension) 
on a rigid rod, lik(‘ a tcaiiiis laeket or baseball 
bat, such tliat an impulse apjilied perpendic- 
ular to the rod at tlic point produces no im- 
pulsive reaction at the original iioint of sus- 
pcn^'ion. Tlie center of jiercussion coincides 
with the center of oscillation. 

CENTER OF PRESSURE, HYDROSTATIC. 

The point ihrough whieli the resultant of the 
foices on a surface due to hydrostatic* pressure 
acts The center of pressure on a vertical sur- 
face lies at a depth (below the surface of a 
liquid) equal to the quotient of the areal mo- 
ment of inertia (second moment of area) by 
the first moment of .iiea, the areas being 
measured on the vertical surface and both 
moments being taken aliout a line in tlie licjuid 
surface directly above the vertical surface. 

CENTER OF SYMMETRY. A point within 
a body or within a set of points, having such 
location that for every point there is a similar 
point on a line passing through the first point 
and the center of symmetry, the distance of 
the two points from the center being identical. 
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Center of Suspension — Centripetal Force 


CENTER OF SUSPENSION. Sec center of 
oscillation. 

CENTER OF VOLUME. The center of 
mass of a homogeneous region. The rectan- 
gular coordinates are given by 


fr,V 



V 


\\horc the intoiri ,ition is 1‘iken in each 
(n er tlie T of the roq;ion 

CENTERING CONTROI. In eathodo-uiv- 
tiil)0 (UMft*'', a poteiitioTTieter \\hirli onahlc^ 
the M(v\er to inovi. the linage bai k and ft>rth 
or u]) and do\Mi on a scieen lloiizontal and 
Acrljeal (‘enteiinir each rcciuiivs a sofiarate 
control 

CENTI-. A prefix, u^'Od \Nith many pln^ical 
units, fl('no(inG, one nn(‘-hiindiodtIi Tims 

100 eentnueteis - 1 nuder; 100 eentipmses 

1 j)Oise 

CENTIGRADE, See temperature scale. 
Centigrade. 

CENTIGRAM. One one-hundredth of a 
gram. 

CENTIMETER. One one-lmndrc dth of a 

meter. 

CENTIPOISE. A standard unit of viscosity, 
ecjual to 0.01 poise, the c gs unit of \im*osi<v 
Water al 20°C bar a viseosity of nearly 1 
ccntipoibe. 

CENTRAL FORCE. A force acting along 
the line joining two centers, as, for example, 
the electrostatic attraction bet \\ eon unlike 
charges. 

CENTRAL FORCE, NUCLEAR. See nu- 
clear force. 

CENTRIFUGAL. Moving outward or di- 
rected outward, in the sense of away from 
a center. 


CENTRIFUGAL FORCE. A radially out- 

wuid force experienced by an observer in a 
reference frame which rotating at an angu- 
lar velocity a> w ith respect to an inertial frame 
(cf. Coriolis effects (2)). The centrifugal 
force Is tlie reaction to tlie centripetal force 
necessary to hold the observer at a fixed point 
in Ihe rotating frame ami thus has a magni- 
tude equal to and a direction opposite to the 
conlnpcta] force. 

CENTRIFUGE. An apparatus for the sepa- 
ration of substaiKes })y the application of 
centiifiigal force. 

CENTRIFUGE, CONCURRENT. The ap- 
plication to isotope separation of the centnfu- 
gat cream sepai itf)r. One or more streams of 
e.i entcMs at od( end of the centnfuge and 
tiu' pai f iallY-so[)arat(‘d isotopes are removed 
in two or more streams at the other end. 

CENTRIFUGE, COUNTERCURRENT. In 

tins d(MC(' couiiter-cuirent circulation is es- 
(abhslicd III a ci*ntnfugo either thermally or 
iiKihanually Uv the circulation of the gas 
the ladial concentr’ation gradient is converted 
int(' an axial giadient 

Cl’NTRIFUGE, EVAPORATIVE. A batcli- 
Mpaiatiiig (k\Ke ulierein a mixture to be 
s(‘j)ii,ited is intioduccd inlo the centnfuge as 
a liquid The \ apors are icnioved from a 
]K)mt 11(11 the axl'^ of the centiifugt, having 
he( n M'jiaiated by diffusion tlirough the cen- 
tiitijgal field 

(^ENTRIPETAL. Moving inw^ard, or di- 
rer l(d iTiwaid, in the sense of lowaiifl a center. 

CENTRIPETAL ACCELERATION. (1 ) 

Th(' acceleiatirui towards the cemter to which 
aiiv particle inoMiig in a circular orbit is sub- 
text Thi> acceh'T'itioii is ccpial to where 
i IS (}u‘ oihital velocity and r the radius 
P2) ]Mor(‘ generally, that part of the radial 
component ot the acc(deration of a particle 
moling m any cuned ]iath whu’h is equal to 
the magnitude of the radius vector from the 
iijstwantaneoijs center of rotation multiplied by 
the square oi the instant amyous angular veloc- 
ity about that center (See Coriolis effects.) 

CENTRIPETAL FORCE. The force neces- 
sarv to impart centripetal acceleration to a 
bodv For a body of mass ni moving about a 
fixed axis at a distance r and with an angular 
velocity <u, the centripetal force is — moiV = 


Centrode — Chadwick-Goldhaber Effect 
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— mv^/rj where v is the linear velocity of the 
particle and where the negative sign indicates 
that the force is directed radially inward. 
Effects such as the rupture of a rotating })ody 
or the outward skidding of an automobile in 
rounding a corner arc often discussed as effects 
of centrifugal force, but are better described 
as being due to the insufficiency of the centrip- 
etal forces (clastic stresses or the frictional 
force of the wheels on the road) to maintain 
the massos at constant distance from the 
center of rotation. 

CENTRODE. Tlie path of the instantaneous 
center of a ])lane figure having plane motion, 
that is. motion resulting when all points in 
the figure move in parallel fixed planes, is 
callc<l the centrode. Anv ])lane body having 
plane motion wliich is neither entirely recti- 
linear nor entirely rotative, b\it a combination 
of the two, may b(‘ considered at anv instant 
as having rotary motion about a moving ]X)int 
called the instant ancon-' ccntcT of rot.ation 
As shown in the illustration the plane body 



AB has a motion such that (he velocity of A 
is El while the velocity of B i.s 1^. At tlie 
instant corre.sponding to the position shown 
for AB the body must be rotating about a 
point C, which is located at tlic intersection 
of the perpendiculars to Vi and dropped 
from A and B resiiectively. T is the instanta- 
neous center of rotation of AB and tlie een- 
trode is the fiath traced by the point C while 
AB is in motion. (See also center, instanta- 
neous.) 

CENTROID (CENTER OF AREA). The 
center of mass of a two-dimensional homo- 
geneous region. For a plane, the coordinates 
are given by 





J ydA 



where the integrals are taken over the com- 
plete area, A, of the region. 

CERAMAG. Trade name for a ferrite core 
material. 

CERAMIC CAPACITOR. A capacitor 
whose dielectric is comiiosed of a ceramic ma- 
terial. One form, using a high Q dielectric 
such as steatite, produces a very stable ca- 
pacitor which may be nuutc with a variety of 
tem[KTaiure coefficients. Another type, giv- 
ing a much larger capacitance per unit vol- 
ume, employs a high dieh'ctric constant ma- 
terial such as barium 1it:inate. Unfortunately, 
the^e capacitors hav(' a lower Q, and a lower 
leakage resistance, which restrict their appli- 
cation. 

CERAUNOCRAPH. An electronic instru- 
ment for recording the occurrence of light- 
ning discharges. 

CERENKOV COUNTER. An apparatus for 
detecting the Cerenkov radiation and deter- 
mining its directional characti'ri^tics. 

CERENKOV RADIATION. Radiation emil- 
led by a high-energy charge* I particle moving 
in a medium having an index of refraction 
considerably greater than unity. This ra- 
diation is due to the effect of the difference 
between iho high velocity of the particle, 
wdiich may be close to that of light in a vac- 
uum, tMTid the luw'cr \elocity of its associated 
electric and magnetic fields, wliich have ve- 
locity equal only to tlic velocity of light in a 
vacuum divided by tlie index of refraction of 
the medium. 

CERIUM. Rare earth metallic element. 
Symbol Ce. Atomic number 58. 

CERROBEND. A solder which has a melt- 
ing point of 70^0. 

CERROSEAL. A solder w^hich has a melting 
point of 120°C, and contains indium. 

CESIUM. Metallic element. Symbol Cs. 
Atomic number 55. 

CH. Common identification for an iron- 
cored inductor or choke coil. 

CHADWICK-GOLDHABER EFFECT. A 

tenn applied to nuclear reactions brought 
about by bombardment with ‘y-radiatiom. 
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Chaff — Characteristic Equation 


CHLAFF. Metal foil strips used as window 
to confuse enemy radar. 

CHAIN. See radioactive series. 

CHAIN DECAY. See radioactive series. 

CHAIN DISINTEGRATION. See radioac- 
tive series. 

CHAIN REACTION. A read ion in which 
one of the agents necessary to the reaction is 
itself produced by tlu* reaction so as to cause 
like reactions. In the neutron fission chain 
reaction^ a neutron plus a fissionable atom 
causes a fission resulting in a number of neu- 
trons which in turn cause other fissions. 

CHANGE OF STATE. Transformation 
from one to anotlier of the three states of 
matter — gaseous, liquid, or ^olid. 

CHANNET. CAPACITY. The number ol 
symbols ])er scoond which may be transmitted 
m a given channel. 

CHANNEL EFFECT. In junction tran- 
sistors (see transistor, junction) the flow of 
current ladwcen (‘irntter and collector wdiich 
circunm'ulo the base region, due to some con- 
dition such as surface leakage. 

CHANNEL, FREQUENCY. The band of 
freciuencies which is associated will*' a single 
unit of intelligence in a comiininications sys- 
1 ( 111 . Thus it applu^s to the band of frequen 
cies radiat(‘d b^’ a broadcast stalion, or lo the 
band of frecpicncics which must be handled by 
a carrier system to handle a single conversa- 
tion. In the various systems the ap])lication 
of intelligence to a given freciiiency will gen- 
erate ceiiain other fr(‘quencies wdiich are tlien 
associated with the original in some manrioi 
to convey the intelligence to the receiver. 
This band of frec|U(mcies then determines the 
response characteristics which the receiver 
(or other units of the system) must have for 
satisfactory results. Thus in conventional 
broadcasting the various stations u^-e channels 
about 10 kc wide; in frequency modulation 
the present channel is about 200 kc; in televi- 
sion it is 5 or 6 megacycles; in carrier teleph- 
ony it is only about 3 kc. 

CHANNEL, RADIO. See radio channel 

CHANNELING. (1) The extra transmission 
of particles through a medium containing 
voids, due to the presence of the voids. (2) 


The additional transmission of the material 
containing voids as compared to a homogene- 
ous material with average density the same 
a^ the material with the voids. 

CHANNELING EFFECT FACTOR. Atten- 
uation per unit length of equivalent homo- 
geneous material divided by attenuation per 
unit Icmgth of the material containing voids. 

CHAPMAN EQUATION. An equation ex- 
presKiiig the viscosity of a gas in tenns of 
ceitam molecular constants. This relation- 
ship has been simplified to the expression: 

(0.199) me 

in wdiich rj is the viscosity, m is the mass of 
a molecule, c is lis av(‘rage speed, cr is the col- 
lision diameUT of tlu^ molecule, c is Suther- 
land constant, and T is the absolute tempera- 
ture. 

CHARACTER. (1) TIk' trace (sum of the 
diagonal elements) of a matrix representa- 
tion of a group. The character of all ele- 
nu'nt-- in a given class of the group is the 
‘^anu' (2) Oiw of a sed of elementary sym- 
bols which may bo arranged in ordered ag- 
gregates to express information. 

CHARACTERISTIC. (1) Describing cer- 
tain ouiWTs ii'^ed in the study of paitial dif- 
ferential equations; (2) the integral part of 
a logarithm, used to locate the decimal point 
of the number; (3) for characteristic equa- 
tion, matrix, and value', see eigenfunction and 
eigenvalue. 

CHARACTERISTIC EQUATION. (1) A 

cla^s of equations conne'cting those variables, 
such as lemppraturo, pressure and volume, 
which d(Tme the physical condition of a given 
substance and are called variables of state. 

T}i(‘ ideal gas law and the Boyle-Charles 
law^ repri'sent approximately the behavior of 
all gases, but if one wdshes to be accurate, 
some modification of these must be sought 
wduch w’ill take account of the differences be- 
tween indi\ddual gases. The best known 
characteristic equation for gases is that cf van 
dev Waals Using the same notation as for 
the ideal gas law, this may be written 

(p + ^) (»-?') = RT. 




Characteristic Impedance — Charge Density 
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(Here, however, the volume is not in liters 
but is in terms of the volume of the same 
body of gas at standard temperature and 
pressure; and the pressure is in atmospheres.) 
a and b are consiants eliaraeteristic of the 
gas in question. They arc very small ; if they 
were zero we should have the ideal gas law. 
Following arc their apj)r()ximale values for 
certain gases: 


Gas 

a 

b 

Ammonia . . 

. . 0.00831 

0.001G5 

Helium... . 

. . 0.00007 

0. 00100 

Hydrogen . . 

.. O.OOOU) 

0.00110 

Nitrogen . . . 

. 0.00277 

0.(K)17r) 

Oxygen .. 

0.00271 

0 00142 


Charact(‘ristie equations of this sort are a^so 
known as equations of state. (See also equa- 
tions under names of individuals, such as 

Beattie and Bridgeman equation; Bcrthelol 
equation; etc.) 

(2) Equations which have solutions, sub- 
ject to jiarticular boundary conditions, only 
for certain wspccific paramelers occurring in 
tliem. (See eigenfunction and eigenvalue.) 

CHARACTERISTIC IMPEDANCE (OF A 
CIRCULAR WAVEGUIDE). See imped- 
ance characteristic (of a circular waveguide). 

CHARACTERISTIC IMPEDANCE (OF A 
RECTANGULAR WAVEGUIDE). See im- 
pedance, characteristic (of a rectangular 
waveguide). 

CHARACTERISTIC TELEGRAPH DIS 
TORTION. See distortion, characteristic 
telegraph. 

CHARACTERISTIC TEMPERATURE. See 
Debye temperature. 

CHARACTERISTIC WAVE IMPEDANCE. 
See impedance, characteristic wave. 

CHARACTERISTIC WAVELENGTH OF A 
MEDIUM. The characteristic velocity (see 
velocity, characteristic) divided by the fre- 
quency: 

CHARACTERISTIC X-RAYS. See x-rays, 
characteristic. 

CHARACTERIZATION FACTOR. A fac- 
tor obtained by dividing tne cube root of the 
boiling point (in degrees Rankine) by the 
specific gravity at f)0°F. It is useful in the 
investigatio* i oils. 


CHARACTRON. A trade name for a par- 
ticular, modern type of cathode-ray tube. It 
is often used to display letters or numbers. 

CHARGE. (1) A quantity of electricity, 
measured in coulombs or related units. The 
flow of charge per unit time is the electrical 
current. (2) A term applied to flux, espe- 
cially in the flux-chargmg concept of mag- 
netic amplifier operation, commonly ex- 
pressed as volt-time integral. 

CHARGE (LOAD). In induction heating 
and dielectric heating usage, the material to 
be lieatcd. 

CHARGE, AVERAGE DENSITY OF. The 

total (‘harg(' in a region divided by the volume 
of (hat r('gion. 

CHARGE, BOUND. Those electric charges 
on (he surface of a dielectric whos(» surface 
density is ecpial to the polarization within the 
dielectric. Such charges are bound in ihe 
sense that they result from the creation apd 
reorientation of dipoles within the dielectric. 
The total amount of bound charge throughout 
the volume of any dielectric is zero. Bound 
charges are distinguish(‘d from free charges. 
(Cf. charge, free; electrostatics.) 

CHARGE CONJUGATION. Tho theorcti- 
cal operation of changing the siuiis of all elec- 
tric charges and electromagnetic fields in a 
system. 

CHARGE-CURRENT DENSITY FOUR 
VECTOR. The four functions of position 
and time where y'l, are the com- 

ponents of electric current density, and j 4 = 
icp^ where p is the charge density. For a 
Dirac electron field (see Dirac electron the- 
ory), 

= iei'ifyu'f' 

where ^ is the adjoint wave-function. 

CHARGE DENSITY. In electrostatics, we 
deal both with finite, point charges, and dis- 
tributed charges. (1) A distributed charge 
can be described in terms of its density (cou- 
lombs per cubic meter) at each point of the 
region of interest. The density is a three- 
dimensional analog of a simple derivative. 
(See the Poisson equation.) (2) The term is 
also used to refer to the surface charge den- 
sity, the charge per unit area. 
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CHARGE, DRIFT VELOCITY OF. The 

average velocity of the individual ch«arges in 
a group. For example, m an electron tube, 
individual electrons move with different veloc- 
ities, but the average, or drift, velocity yields 
the net current. 

CHARGE, ELECTRIC. See electrostatics. 

CHARGE, ELEMENTARY. The unit charge 
of electricity, tlie charge on the electron, aj)- 
proximatelv 4 8022 X 10 electrostatic units 
(statcoulombs) or 1 0019 X 10“^® coulombs 

CHARGE, FREE. Electric charges on the 
surface of a conductor or those charges on (lie 
surface of a dielectric wdiich are not bound 
(cf charge, bound). When free chaiges 
occur at tlie interface of dic'lectnes, there is 
a discontinuity m the iionnal comjionent of 
the cleclric displacement vector at the mt^T- 
face, the magnitude of the change being tlie 
sill face deii'-ity of fice chaigcs or 4'ir times 
that quantity, dejiendeut on whether rational- 
i/(‘d or uni il lou.ilized unit‘d are employed 
(See electrostatics, Gauss’ law.) 

CHARGE INDEPENDENCE. TTvpnthesis 
that the ncuti on-proton, ]irotoii-proton, and 
neution-ruMitron f(»icc^ aie all equal hu’ the 
.^am(‘ spin slates, wlicai the jiaits ol the inter- 
actions that are cx])licitly electromagnetic 
ha\e been subtracted out. 

CHARGE INVARIANCE. Hypothesis th it 
nucleon-nucleon interactions aie mvaiiaiit 
under rotation^ in isotopic spin space. One 
consequenee of this is the charge independ- 
ence of nuclear forces. 

CHARGE-MASS RATIO. I'he relationship 
between the electric charge of a ])articlc and 
its mass, so imjioitant in the jilnsies of elec- 
trons, ions, and other electnfmd bodies of 
molecular order. 

CHARGE, POLARIZATION. See polariza- 
tion charge. 

CHARGE - TRANSFER SPECTRUM. Sec 
spectrum, charge-transfer. 

CHARGED SYSTEM, ENERGY OF. See 
energy of charged system. 

CHARGED SYSTEM, FORCE OF. Sec 
force of charged system. 

CHARGER-READER. Any auxiliary device 
used to charge and read pocket chambers or 


thimble ionization chambers. (See also con- 
denser r-meter.) 

CHARLES LAW. The coefficients of expan- 
sion of all gases are nearly the bame, namely, 
about of the volume at 0*^0 per centi- 
grade degiee The huv, stated by Charles in 
17<S7 and independently by (}ay-Lus&ac in 
1S02 (hence sometimes called Cay-Lussac’s 
law). Is not strutlv tru«' for non-ideal gases. 
Regnault obtained the following \ allies of the 
volume coefficient, al one atmosplicre pressure, 
for various ga‘^c^: 


\ir . 

0 0030706 

Tlvdioj'cn 

0 003()613 

C.ii!)oii dioxide 

0 003/009 

Sulfur rlioxuU* 

0 0039028 

Carbon monoxide 

0 003l>088 

Nitious oxiue 

0 0037105 

Cyanogen 

0 003S767 


None of these is far fiom ^ 0 003663, 

which is therefore commonly taken as the 
expansion coi ffieient for ga^^es; especially as 
the \‘ihie ffu* hydrogen, commonly used in the 
standaid gas thermometer, is very near it. 
It the })i(‘ssn'’(' as well as the volume i'? al- 
lowed to ^ u\, the behavior of the ideal gas 
inuvt l)(‘ (\pi(‘s>sod bv the Boyle-Charles law 
or the ideal gas law. 

CHASSIS, The metallic base on wliich the 
j)aits of electronic circuits arc mounted. 

CHATTOCK GAUGE. A tilting manometer 
winch balances the jitv^sure to bo measured 
against the pressure head caused by the tilt 
which can b(‘ measiiied accurately The null 
indication dejHairls on the observation of the 
mohon of the interface between two im- 
miscible liquids of nearly equal density. 

CHECK PROBLEM. A problem whose in- 
coiiect volution indicatc's an error m the oper- 
ation or programming of a computer. 

CHEESE ANTENNA. See antenna, cheese. 

CHEMICAL BINDING EFFECT. The de- 
pendence of the neutron cross sections of a 
mateiril on llu' chemical binding of the atoms 
coiiirio-'iug the iiiateiial 

CHEMICAf. PASSIVITY. See passivity, 
chemical. 

CHEMILUMINESCENCE. Luminescence 

produced by chemical action. 


Chemisorption — Chromaticity 


142 


CHEMISORPTION. See adsorption, types 
of. 

CHI. Specific magnetic susceptibility (x). 

CHIEF RAY. The my which passes through 
an oj)ti(*al system so as to inleisect tlie axis 
at the plane of the aperture sto}i is called the 
chief ray. 

CHILD-LANGMUIRSCHOTTKY EQUA- 
TION. See pcrveance. 

CHLORINE. Nonnietallic element, gaseous 
at ordinary temperature. Symbol Cl. Atomic 
number 17. 

CHOKE COIL. This tenn is applied to vari- 
ous types of inductances used in eleetncal cir- 
cuits })rimarily to pri'sent liigh reactance at 
certain fiequencies Such coils usually Inwe 
high reactance compared to their resistance 
and offer impedance to the flow of alternating 
currents by the induced counter elect rornotne 
force. Since this impedance will vary directly 
with frequency the choke niav be desuined to 
let certain lover frecpieneies through and '-top 
or impede higher ones An air-core choke coil 
is often used in electrical power circuits to 
block high-fiequency transients ])rodneed by 
lightning surges. In eommunieations eiuuils 
air-eore chokes are used e\t(‘nsiv(‘]\ to block 
radio frequencies from audio-freqiK'ney cir- 
cuits or from d-c ])arts of the circuit. In tlie-e 
a[)plications they are often called radio-fre- 
quency cliokes. Iron-cored chokes are fre- 
quently used in audio circuits in a similar 
manner. Iron-cored chokes are also impor- 
tant components of power supply filters as 
well as many wave filters. 

CHOKE-INPUT FILTER, See filter, choke- 
input. 

CHOPPER. (1) A device, usually mechan- 
ical, to impail a pulsating characteristic to a 
current oi a beam of light by a r(‘gular and 
frequent interruption. (2) A device which 
modulates a signal by opening and closing 
contacts periodically. The frequency of the 
chopper is usually greater than any frequency 
of interest in the signal. (See amplifier, chop- 
per.) 

CHRISTMAS- TREE PATTERN. The optical 
pattern observed on a laterally-recorded pho- 
nograph record wdicn its surface is illuminated 
by a light beam which is nearly parallel to 


its surface. The width of this pattern may 
be used to determine the frequency response 
of the record. 


CHRISTOFFEL THREE-INDEX SYMBOL. 

One of certain (|U antities used in tensor anal- 
ysis. They are not tensors themselves but 
(liey do involve the components and deriva- 
ti\es of tensors. They are of two kinds, 
often dislinguished by brace and brarket, re- 
spectively: 


\tnn,q} -= 


\ ad'* 


df/mn\ 

ar* / 


1 

[w7qf/] = - 


/ ^Omq ^ 
\dX^ 




^{jmn 


where is a symmetric covariant tensor, 
gtis _ g (lie dctemiinant of the 

eom])oiients of and the cofactor of 
Onin in q From the definitions, il follows lhat 

CHROMA (MUNSELL CHROMA). The 

diinen'^ion of the Muiisell system of (^)lor 
which corresponds most closely lo saturation. 
Cliroma is ire(|uenlly iiserl, paiticulaily bv 
Fnglish wTiters, as tlie (‘(piivalent of satura- 
tion. 


CHROMA CONTROL. In color television, 
the gain control wliich determines tlie amount 
of eoloi signal fed to the demodulators. Set- 
ting this control to zero reducers the picture 
to black and w^hite. 


CHROMATIC ABERRATION. Tlic failure 
of all the light from one point of an object to 
form an image at a point because of the dis- 
persion of the material of the lenses. The 
focal length of a lens is, in general, greater 
for led light (longer w^avelength) than for 
blue light (shorter wavelength). Systems 
consisting entirely of reflection optics do not 
show' eliroinatic aberration. Hence, reflection 
optics are used extensively in infrared instru- 
ments. With compound lenses a proper choice 
of kinds of glass and of lens curvatures can 
partially compensate for chromatie aberra- 
tion over a not-too-large wavelength region. 

CHROMATIC ABERRATION, LONGITU- 
DINAL. See longitudinal chromatic aberra- 
tion. 

CHROMATICITY. The color quality of light 
definable by its chromaticity coordinates, or 
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by its dominant (or complementary) wave- 
length and its purity taken top^elljer. 

CHROMATICITY, COMPLEMENTARY. 

The property of two light samples whereby 
they i)rodu(“e an achromatic visual stimulus 
when combined in suitable proportions. 

CHROMATICITY COORDINATE. Tlie 
ratio oi any one of the tristimulus values of a 
sam])le to ihe sum of the lliree tristimulus 
values. The sum of the three chromaticily 
coordinate's is al^^ays unity, so any two of 
I hem determiiu' Ihe cliromaticity. 

CHROMATICITY DIAGRAM. A plane dia- 
gram foru.ed by ])l()tting one ot the three 
chromaticity coordinates acaiii^l another 
The most common cliromaticity diagram at 
jire^'ent is Ihe Cll'i (r,//) diagram jdotted in 
reetangnlar coordinate.- (see figure). 



X 

CIE (x,i/) ehioinalicit y duipiain pl<)(U<l in nrian- 
giilar coordmalis 

CHROMATICNESS. 1 lie two attributes ol 
visual sensation, hue and saturation, taken 
together; as distinguished from brightness. 

CHROMATOGRAPHIC ADSORPTION. 

The apjilication of the adsorption of solutes 
from solution. A solution is poured down a 
column packed with the powalcred adsorbing 
material. The most readily adsorbed con- 
stituent of the solution will be adsorbed first, 
and the other constituents further down the 
column. This results in a partial separation 


of the mixture giving a ‘'chromatogram.” 
Pure solvent is then passed down the column 
to ‘‘develo])” tlie chromatogram, and a better 
separation of the constituents is obtained. 

Originally the method was used for colored 
Mili'^tiinces, bill it lias now b(‘en adapted for 
colorless substances. Furlhcrmore, many 
other means of adsorjition have been devel- 
oped; tor example, filter pajier. 

CIIROMATRON. A kinescope for color 

television. 

CHROMINANCE, 'flu' colorinu‘(iic differ- 
eiice between any eoloi and a r^derence color 
ol ef{iial luminance, the reb'renee color hav- 
ing a spe(*ifu‘d chromaticity. la N.T.S.C. 

1 1 am^iius^ion. the spi'cified chromaticity is the 
zero snl)(‘arr«er cliromaticily 

CIIROMINANCK CHANNEL. In a color- 
t(l( MsjiUi ^^‘'teiii, any ])ath which is intended 
to cany IIk' (ariif'r (‘olor signal. 

CHROMINANCE CARRIER REFERENCE. 

\ synchronizing signal for television trans- 
jnit^'i^ and recdviis of llu' same fi(‘(|U(‘ncy 
and plia-e n lal lonslnp as the chiominance 
^ub(‘a]ii(‘j’ in (lu^ color burst signal. 

CHROMIUM. Metallic < jement. Symbol 
( r. Atomic nuniboi 2-1. 

CHROMOPHORE. ( crtain groups of atoms 
in an organic ('omjxaind cause (*hara('t(‘ristic 
absorjitiou of ladiation irresjn'clive of tlie na- 
ture -d tin' rest of th(‘ c onipouiid Such groups 
are called cliromo[)horcs or color carriers 

CHROMOPHORIC ELECTRONS. Elec- 
(ton- HI tlie double bonds ot flic ohromojihoric 
grc/ups. Sucli cleelioiis are not bound as 
tightly as those of single bonds and cjin thus 
he tran-fi'rred into liiglier energy Icvcds ^^ith 
lev'- (‘xpindilure ol energy. Tlieir eleetronic 
.-pectra apiiear at frequencit'v in the visible 
or near ullraviolel region of th(* spectrum. 

CHROMOSCOPE. An apparatus for meas- 
uring color values and intensities. 

CHRONOGRAPH. An instrument for writ- 
ing time. In the usual tyjie of instrument a 
drum earryiiig a sheet of paper is rotated by 
clockwork at the rate of 1 riim. A pen, at- 
tached ((^ Ihe armature of an electromagnet, 
is carried parallel to the axis of the drum by 
a screw and rests on the paper, tracing a spiral 
line. Tlie electromagnet is ccpnected in an 
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electric circuit with a standard clock in such 
a manner tluit every second the pen makes 
«‘i Kshort lateral movement \vhich ^t];raduates the 
spiral line into seconds. A key is conn(Tte(l 
in the circuit in such a manm'r that each time 
tlic ki'y is closed an extra graduation is made 
on the spiral. When the slu'et is removed 
from th(' drum a scale may he used to measure 
tljc distance of the marks made by jircssing 
the key Irom tin' marks made hy the clock. 
In this way lh(‘ tiiiu' of ])ie‘-‘'iiig the kc}’ may 
he leadily measured to 0 01 of a second. 
Wliere ol)s<*rvation limes are recpiired with 
gi’cater accuracy, tlie drum may he rotated 
more rapidly and a tuning fork used to make 
the tune graduations. Otlier types of ehiono- 
graidi us(' a sti'adily moving strip of pa pea* on 
which fh(' ])en traces its record. On tlie print- 
ing ty]K' of in^-t riimeiit a set ot type* wlieels is 
rotated hy a standard clock and eacli time a 
key is jiressed a piecn of ])ap(‘r is pre‘-s(‘d 
against the type* and tlie instant printed to 
the neari'st lunuhedlh of a second, (''h pono- 
graphs have many uses, for e'vamjdo, in ap- 
paiatus designed to record vibrations from 
eartluiuakes. 

CHHONOMETEll. For many ty])e- of ri(*](l 
ohseiwing where* ae'e*iirate tune* reMpiire'd, the 
use* of the iiendiilum e*loe*k is not ]’)ractieal)li‘. 
Tins IS parlieailarlv true* on shiphoaid or in 
eauiniiies like* .Tajiaii, w liei'e* (*ai thejuakes fu*- 
(]iie*ntly disturb the j)(*ndulmn. The* e*hrnnom- 
eter is an accurate t>p(' eif eseajienunl time- 
keeper which is spring (h*iven. The move- 
ment is similar to that in the ordinary poeke't 
watch but much more* massive Various de*- 
vice^ to coiii])( nsate for changes in tem])era- 
ture aiiel for changes in the i('n>ion of the 
siu’ing are in(*e)r[)e)i*ated in the instrument. 
A\ hen ]>re)perly handle-el. llie rate of a chro- 
nometer im'iy he relied iipem to wutliin a few’ 
hundredths of a second p(*r day. AVilh mod- 
('rn methods of ol)taining clock roin])arisons 
hy radio at fre’ciuimi intervals, the* chronom- 
eter may he used lor all except the most n*- 
fined astronomical observations. Many cliro- 
nometers are equipped with devices for mak- 
ing or breaking an electric circuit so that they 
may he used in conjunction wdth the chrono- 
graph. 

CHRONOSCOPE, (1) An instrument for 
measuring time. i2) An electronic device for 
nu'asuring ^ <v^cuiely-short time intervals. 


CHRONOTRON. (1) A device which util- 
izes a measurement of the position of the 
siiiierposed loci of a pair of pulses on a trans- 
mission line to determine the time botw^een 
the events which initiate the pulses. (2) A 
trade name for a time-delay device. 

CIE. Abbreviation for “Commission Inter- 
nationale de riOclairage” ( lii((‘rnalionaI ( oin- 
misMon on Jlliimiiialion) . 

CIRCLE. A plain* eurvi* sucli tliat all of its 
jHunts are at a fi\(‘d distance, its radius, ii'om 
a fixed jioint, its center. Its general equation 
ill rectangular coordinates is givi'ii by 

+ //- + 2A.C + 2% 1- f' = 0 

provided D = A'^ b is po.otive and 

do(‘S not \anish. Under these circumstances, 
the radius of the circle is y/1) and ils cenli'i* 
is at .r - —.1, ?/ - —B. If /> - 0, I lie (‘iieh* 
degenerates into a point; if ]) becomes nega- 
ti\(' tin* eirek* is imaginary. 

If tlie eciuation is transfonne<l to ii('A\ ax(*s 
j)aral](*l to the original a\c‘s and tin* oiieur .''0 
chosen that terms in .r and // are ehminatiHl, 
(he standard ('(juatioii of I In* circle becomes 

r“ 4- }/ .= r 
\vb(*re 1 is ils radius. 

CIRCLE OE CONFUSION. Dm* to imp(‘r- 
t( et imagery and to the fact tint the images 
of poinis at ililler(‘iit object (li^tauces are 
eoiiimonly ohsuvi'd on a single iiuagc'-plaiie 
(eg., till* tilin in a eann-ra), the image* of a 
l)oint uhje'ct is. in general, a small elrele, the 
eirele of confusion. 

CIRCLE OF CONVERGENCE. The bound- 
ary ('f tlie region ol the eoinpl(*x jilain* in 
which a Taylor serie.s eon\erges For a given 
Imiclion, the radius of tin* eirele of eonverg- 
(*iK*e depends on the point (center of tin* cir- 
cle) about whi(‘li the serii-s is devehqied. On 
the boundary the pow’er series divcrgc.s be- 
ejiiisc of one oi more singular poinis. Fre- 
quently the function may lie found outside 
of the circle of convergeuee by analytic con- 
tinuation. 

CIRCUIT. A network providing one or more 
closed paths. 

CIRCUIT, ALTERNATING CURRENT. 
See alternating current circuits. 
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CIRCUIT, ASTABLE. See astable. 

CIRCUIT, BALANCED. A circuit, all of 
whose impedors are symmetrically di'^l)o^e(l 
with respect to objects at ground potential. 

CIRCUIT, BISTABLE. Sec bistable. 

CIRCUIT, CLAMPING. Another name for 
a d-c restorer. (See clamping.) 

CIRCUIT, CUPPING. A term with three 
}H)sbil)le meanings as follows: (1) A cireuit 
for preventing the peak amplitude of an eli'c- 
trical ''ignal Ironi i‘\c(‘eding a prefletermined 
l(‘vel. (2) A circuit for eliminating the tad 
of an (‘l((‘trieal puKe after a ]n-e(let(*rmin('(l 
lime. A eirniit (‘li'inent in a pulse ampli- 
fier for i(‘diicing tlu* anijiliticatioii at frecpuMi- 
(*ic‘s })e!ow a predc'humined fj'eqiiency 

CIRCUIT, COINCIDENCE. See coinci- 
dence eweuit. 


ciiils are other example's. Fig. 2 shows some 
tvjiical eirciiits. 



Fifi 1. ( itiiiK'f* (oiipU’d (iicuit^ (tojt) 
Fiji 2 liuliK-lin. ( ((iiijilrd (iicmis (hotloin) 


CIRCUIT, DELAY. Sie delay cireuit. 

CIRCUIT, DIRECT CURRENT. See direct 
current circuits. 

CIRCUIT, DOUBLER. Set' doubler circuit. 

CJIRCUIT, ECCLLS-JORDAN. The name 
tieipK'utly ai)pli('d to a trigger circuit t>r 
bistable multivibrator. 


CJIRCUIT, COMBINER. \ mixing amplifier 

m a (‘olor-cainei a chain which coinhmes the 
luminance and chroma ehannel^ with tlu' 
syiichroni/ing signals, 

CIRCUIT, CONTROIi. See control circuit. 

CIRCUrr, COUPLED. W liih' any group ot 
ciKiut*' wliuli are so coniu (‘l('d or ndated lhai 
(d1(ct^ in one' piodiue etlect^ m the other con- 
"'litiile a coiii)l(‘d cncuit, the term is usually 
ii''('d to disianaie cireuils related so a-e {‘lfe« t>> 
.ire trans{(Ti ed hut stiaidy stale d-c etiects 
arc not ddie two mo'^t common classifica- 
tions ot coiijiled circuit'^ are the inductive and 
tli(‘ cai)aciu\e coupled eiicuits, so named be- 
cause of tlu' primal y met hod of Iransterring 
the effc-et-- Capai itanc(' coupling is use»l 
(piite extensively in \'arious vacuum tube am- 
plifier eirciiits, m tliyratron circuits, and sim- 
ilar ap])li(‘ations ^^here it is dc’sired to hh)ok 
d-p effects and transfer a-e Sinee the con- 
denser d(X's this it may ])e used as the com- 
mon element lietweeii the two circuits. The 
so-called ri'sistanee coupled amplifier is r(*ally 
capacitance coupled. Fig. 1 shows examph's 
of this type. Inductive coupling is the most 
wddely used type since it is used exiensively 
in th(‘ pcwvcr field as wtH as in the communica- 
tions and electronics fields. The ordinary 
power transformer is the means of inductively 
coupling two power circuits. The xuirious 
transformers, tuning coils, etc., of radio cir- 


CIRCUIT, ELECTRIC. An electric net- 
work, jirovidmg oik' or more cl()s(‘d paths. 

CIRCUIT (lSOL\TED), ENERGY OF. The 
eiH'rgy of an i^oliiti'd circuit is (See 

energy of a system of circuits.) 

CIRCUIT EQUAllON. S( e Kirchhoff laws. 

CIRCUIT, FLIP-FLOP. Anotlur name for 
a monostable circuit. 

CIRCJUIT, FORCE ON A RIGID. See force 
on a rigid circuit. 

CIRCUIT, FREE-RUNNING. Aiiotlu i name 
Inr an aslabic cireuit. 


ClUCUri, GYRATOR. A circuit element 
which is M) nain^d because it violates the 
reciprocity theorem as does the gyroscope. 

CIRCUIT, INTEGRATING. A circuit whose 
niitput current or \olt;ige ]-^ pniiiorl ional to 
the tune integral of ils in[)ut curi’erit (rr volt- 
age. An ox.amph' a senes circuit consi.sting 
of a resistor and a capacitor ('. If an input 
voltage 1', is aiMilit'd across this circuit, the 
output \oltage T„ across, the capacitor is 


1 r' 

^ 0 = I 1 idl. lor times / Cfi 
H Jq 

CIRCUIT, LOGARITHMIC DECREMENT 

OF. All exponentially-decaying oscillation, 
Ar cos o)t, has the logarithmic decrement 
cr f the d('eay (amstai^t pi'r cycl(‘. 
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CIRCUIT, MAGNETIC. See magnetic cir- 
cuit. 

CIRCUIT, MONOSTABLE. See mono- 
stable. 

CIRCUIT, NATURAL FlU^QUENCY OF. 

A simple tmu‘(l-eireuit will respond to an im- 
pulse* by ringing, or jirodiu'e an exponent uilly- 
deeaying, sinusoidal oseulhit ion. The fre- 
fpiency of this oseillation is the natural fre- 
(|U(‘ney of the eireuit. It is giv(‘n by 

/- - 1 '-^- 
2ir\j.r 

for a circuit composed of a resistance /f, an 
inductance L and a cai)acitarice C, all con- 
nected in series. Circuits of greater comjdex- 
ily may often be reducc'd to an etpii valent 
s(Ties circuit, although some* may have more 
than one iiatuj*al frc((uenc5^ and h(‘n(‘e con- 
stitute coupled oscilhdors. 

CIRCUIT, NATURAI. OR FREE PERIOD 

OF. The reciprocal of tlic natural fi cepuan^v 
of the circuit, (See circuit, natural frequency 
of.) 

CIRCUIT, NEUTRALIZATION. An ampli- 
fier with an inductive outjnit impedance will 
liave ail input admittance which consists of 
a negative conductance jdus a jiositive sus- 
ceptance. This fact means that some of the 
output power is fed l)ack int(j tin* input cir- 
cuit in such a jdiase i elation that tliere is a 
eomponent of input current ISO'' out of iihase 
with the input voltage. This will cause re- 
generation, or pel haps oscillation, if the 
elh'et is siifTicicaitly large. Tlie negative input 
(‘onduetance of an amjilifier can hv overeome 
by the ex])edient wliich is known as tlie neu- 
tralization of the etTeet of the grid-to-plate 
eapaeitance. Neutralization is aeeomjdished 
in one method by obtaining a voltage in the 
output circuit that is ISO'’ out of phase ^^ith 
th(* ])lato-to-cathode potential, and impress- 
ing this voltage on the grid of the tube 
tlirough fi eapacitor about equal in value to 
(\,p] thereby a current is impressed in the in- 
put circuit in pliase wuth tlie input voltage. 
Wdicn the current sfi produced is just equal 
to that caused by the ^,nd-to-platc capaci- 
tance Cgp of the tube, the neutralization is 
cornpli'te. 

CIRCUIT, PHANTOM. See phantom cir- 
cuit. 


CIRCUIT, PHASE-SHIFTING. Any circuit 
containing resistn'e and reactive components 
us('d to produce a desired difference between 
tlie phase of the output voltage or current 
and the input voltage or current at some de- 
sired frequency. 

CIRCUIT, PRINTED. See printed circuit. 

CIRCUIT, PUSH-PULL. See push-pull cir- 
cuit. 

CIRCUIT, QUASI-BISTABLE. An astable 

eiicuit which is triggered at a rate that is high 
as compar(*d with its own natural fre(|ueiiey. 

CIRCUIT, QUASI-MONOSTABLE. A mon- 
ostable circuit triggered at a rale which is 
higli as compared wuth its own natural fre*- 
(iuen(*y. 

CIRCUIT, QUENCHING. A eiicuit which 
diminislu's, suppresses or reverses lh(' voltag(‘ 
applied to a counter tube in order to inhibil 
multiple discliargcs from a single ioni/jpg 
event. 

CIRCUri, REACTANCE TUBE. A circuit 
in A\hi<‘h tlu* (»iT(‘clive i(*active comiionent is 
made dependent upon tlu* amplification of an 
electron tube, aial llms made subject to varia- 
tion for control ]nirposi\s. For c\ami)le, tlio 
input ca])acitance of an (‘h'ctron tube' in a 
grounfI(*d cathode eireuit is commonly given 
as 

C,.pat = (\k + + A) 

wIku’c is the grid-to-eatliodo cai>acitance, 
(\fj is tlie grid-to-plate eajiacitance, and A is 
the amj)lirication of the tube, which is as- 
sum(‘<l to be a real number. Vaiiation of A 
by manqndation of tlie bias or some other 
parameter thus changes the effective capaci- 
tance. 

CIRCUIT, RECORDING. A circuit which 
produces an impulse capable of operating 
some ineclianical counting or recording device. 

CIRCUIT, SCALE-OF-TWO. Anotlicr name 
for bistable circuit or Ecclcs-Jordan trigger 
circuit. 

CIRCUIT, SCRAMBLER. A circuit, usually 
consisting of a balanced modulator and ap- 
propriate filters, for the production of scram- 
bled or inverted speech. 
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CIRCUIT, SEPARATION. A circuit ^^hich 
will separate sig.nals having different proper- 
ties, such as amplitude, frequency, etc. 

CIRCUIT, SHADING. A system of six 
waveform generators used to neutralize spuri- 
ous signals produced by ccHain tc'levision 
camera tubes To a certain extent these 
wavc'fonns may idso be employed to compen- 
sate for (leficienci(‘s in the uniform distribu- 
tion of studio light The shading unit gener- 
ates three vaveforms for vertical scanning 
and thr('e more for horizontal scanning 'Phe'^c 
three signals for eacli axis consist of (1 ) saw- 
tooth signals of either positi\e oi negative 
polaiity Old \ana]d(* in amplitiuh*, (2) siiu*- 
\v;ne signaN adjustable in plias(' and ampli- 
tude, and (3) ])arahola signals a^allahl(* in 
(‘i(]i('r positno or negative polaritv and arl- 
justahle in anij)litnde 

CTUCUJT. SIMPLFXED. See simpleved 
circuit. 

CIRCUIT, SMEARER. A circuit ‘-omc'times 
UM'd in pulse amplifiers to eliimiiat(‘ over- 
slionl Sinev‘ it i-^ hasiealiv an amiilifur eir- 
Hiit with a short charging time and a rela- 
iiwlv low di^(haig(‘ tinu', th(' o\(‘rs]io(jt is 
eliminated at the e\p('nse of liaving to tuler- 
ate a lelativelv-long trailing lalgc 

CdRCJUTT, TANK. S(‘e lank circuit. 

CIRCUIT, riME CONSTANT OF A. 1 ue 

(line recjuired ioi the ( orient in a eiieuit, or 
the potential difference across sonic element 
of ilie ciremt to leaeh 1 - J /t or about iW/r 
<if it.^ final A able after having had a ^te]>- 
fiinclion signal apjdied. 

CIRCUIT, VOLI AGE-DOUBEER. See voh 
age doubler. 

C:iRCUIT(S), VOLTAGE SUPPLY AND 
REGULATOR. Any of a large mmilier t i 
eii cults who'^c {unction is to provide d-c Av*lt- 
age for use as plate and filament supply volt- 
age. Regulated supolies maintain the out- 
put voltage essentially constant iindci enitdi- 
tions of varying output current and or line 
voltage 

CIRCULAR ELECTRIC WAVE. Sec wave, 
circular electric. 

CIRCULAR FUNCTION. A trigonometric 
function. 


CIRCULAR MAGNETIC WAVE. See wave, 
circular magnetic. 

CIRCULAR MIL. A unit of area, employed 
to designate the cros^-sectional area of elec- 
trical conductors. It replaces measurement 
in sfpiare itieln's, and more eoiivenient since 
it is not Ti(*eessai*y to multiply by the factor 
TT. A mil IS 1/1000 nf an ineli. The area of a 
eiic'le whose diameter M mils is simply il/- 
eircuLii mils 

in s aio ''izeil ])v their area in circular 
mils or hy the Auunnean wire gauge. l)(‘spit(‘ 
the aigununits in fa^ or of on(‘ svsIcMn using 
diainidirs in mils as size minihers, the AnitTi- 
f an w ir(' gauee is eomnioiilv used for wares 
‘'i»t*d from 40 to 0(K)0 American ware gauge. 
Wire^ larger than 0000 (212,000 circular mils) 
are alwavs si/eu m circular mils 

CIRCULAR SCANNING. See scanning, cir- 
cular. 

C.TRCULARLY-POLARIZED LIGHT. Di- 
em'^ed under light, elliptically-polari/.cd. 

CIRCULARLY POLARIZED SOUND 
WAVIC. Se(‘ sound wave, circularly polar- 
ized. 

CIRCULxATING MEMORY. In eumpuba* 
wnik, a iiK'inorx (‘onsi^ia'g of a means for 
d(ta\mg mjoimalion, and means fm* regen- 
eiating and iciiiMiting the inlormaium int.. 
the d( lav mg means. 

CTRCJULAIING SIGNAL. A transmitted 
vigiial winch travels one or more 1 mes around 
(h(‘ eai 111 . 

ClRCUTiATION. eireidation around a 

eUiM'd paih ol any vtwior fu>l(] is tlu line in- 
(egial ol that v(‘ctor aiound lh(' path. The 
Victor o»dinaii!v consideii'd n the flow'" ve- 
luc'ity, and the cinailation is 



wheie V tin' flow velocity, and (h is a vector 
element o< tlie path If the flow is irrota- 
tioiial, tli(‘ eiieidatinii is zero around any ]>ath 
that can lie contracted to zero witliouo ])ass- 
mg outside the fluid in the process. In a 
barotropic fluid, the circulation around any 
path moving with th(‘ fluid remains constant. 
(See curl (of a vector); rotation (of a vector); 
Stokes theorem.) ’ 
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CIRCULATION OF THE ATMOSPHERE. 
S(*e atmosphere, circulation of. 

CTRROCUMULUS. Sniall billowed cirrus- 
type cloud (‘omj)ofeed of ire crystals. This 
ty])e cloud indicates some instability in the 
layer at and above the cloud level which per- 
mits rising currents to form the* cloud parcels 
and desctnding currents to create clear spaces 
belvu'cn tliem. Cirrocuinulus frequently oc- 
curs in adviince of a (‘vclonic storm. 

CIRROSTRATUS. Cloud vtul of more or 
less uniform texture composed of ice crystals 
and therefore, like cirrus, lyiiip; entirely 
above the fre(*zing level (hrrostratus varies 
troin white to gray, is U‘-ualIy translucent, and 
])aitially ol)‘-curos the sun and moon 'Iliere 
are no shadows hut often mock-^uii^ or mock- 
moons which are images oi (he real eek'stial 
hoflies. (hn’OvIratus olten heralds the ap- 
proa(‘h of a CNclonie stca'in, iiartienhirly in 
the temperate zone 

CIRRUS. High cloud eomiH)s(‘d of ire erys- 
tals and, therefon*, lying enhrely above the 
freezing lo\el. Cirrus is never lower than 
about 4 miles m the hopies, hul may he near 
ground IcveK in tlic' polar an-as In appeau- 
aiiee tliey aie usually thin, wi^pv. oflen in 
sirc'aks, and always wliiiisli without vliadow\s. 

( hrnis oflen forerun siomis hut not all cir- 
rus are a'^sociaii’d witli stonns Tho\ (annot 
he u‘'Od a'N a fooljiroof indication that a ‘^torm 
a])])roael)ing until eonsidcuahle experience 
ni cloud observation is attained. 

CIRRUS, FALSE. S( e false cirrus. 

CI.A1RAUT EQUATION. A first-order dif- 
ferential equation 

y = j-p + /(p) 

w4iere p — Its general solution is 

// — r.r 'h f(r). It also lias a solution obtained 
by elimination of p from the equations 

y - p.r -b F(p); + F'(p) - 0. 

Since no arbitrary eou'^tant is involved in the 
laitiT case, the result i- a singular solution. 

CLAMPED DIELECTRIC CONSTANT. 
Sec dielectric constant, chmped. 

CLAMPING, r- connection t)f some }H)int 
ot a circuit to a desired reference potential 
for e(’rlair ’•‘^riods of time. Sometimes railed 
d-c restora* n-*?. 


CLAPEYRON-CLAUSIUS EQUATION. A 

fundamental relationshij) between the tein- 
Iierature at which an inter-j^hase transition 
oeeurs, the change in beat content and the 
change in volume, of the form: 

dp All 
dT “ 7^’ 

in which p is the pressure, T tlio teinjierature, 
dp'dT the rate of change of pressure witli 
temperature, A// the (4iango in beat content 
and AV the change in voliui.e. 

Wb(m apidied speeilieally to the ewaporation 
of liquids, this (ujiiation becomes 

dp L 

Jt T(rT-'iV/ 

in whieli dj)'dT is the rate of change of 
vapor pn'ssure with teiii|)i‘ra1 ure, L is tlu‘ 
molar heat of evaporation, T is tli(' iein]i( ra- 
tlin'. and To and I'l arc* th(' molar volunw's of 
^apor and liquid, ri‘si)eeti\ ely. 


CIAPP 

Clapp. 

OSCILLATOR. 

S('(> 

oscillator, 

CLASS. A'^ defined in group theory. (See 
tran.sform. ) 

CLASS-A 

oIa.ss-A. 

AMPLIFIER. 

Sec 

amplifier, 

CLASS-A 

class-.A. 

MODUIATOR. 

St'o 

modulator, 

CLASS-AB AMPLIFIEll. 
clas.s-AB. 

Se(‘ 

amplifier. 

CLASS-B 

class-B. 

AMPLIFIER. 

See 

amplifier, 

CLASS-B 

class-B. 

MODULATOR. 

See 

modulator. 

CLASS-C 

class-C. 

AMPLIFIER. 

See 

amplifier, 


CLASS I STATION. A clear channel broad- 
cast station with an operating pow'cr of not 
les's than 10 kilowatts and not more than 50 
kilowatts. It is designed to render both pri- 
mary and secondary service at relatively long 
distance. 

CLASS II STATION. A clear chaiiiicl broad- 
cast station designed to ojieratc over a pri- 
mary service area. Its operating power is 
between 0.25 and 50 kilowatts. 
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CLASS III STATION. A regional standard 
broadeast station designed f(jr a i)rimary 
s(M*vice area. A Class III-A station oper- 
ates on a power le\el Ix'tween 1 and 5 kilo- 
w alts w Ink* a (^lass III-B station operates witli 
a i)(mer level between 0 5 and 1 kilowatt at 
night, and not in excess of 5 kiIow^•^tts during 
daylight hours, 

CLASS IV STATION. A local service broad- 
cast station with an op(‘rating level not less 
than 0.1 kilowatt or greater tlian 0 25 kilo- 
watt. 


CIASSICAL. The adjective ‘hdassical’^ is in 
gcneial a])i)]i(d to an> physical theory or 
trt\alnienl that is ba^ed on the assumption of 
Now tonian mechanics Such In'atments ni- 
i-lu(l(‘ all ! nail and maf’uctic di'^rais'-ions 

!)a-(‘d on (Ik* Coulomb law, the Ampere law, 
and tlu' Maxwell ec|iiatioiis. Cla*^•-ical tlnoiy 
ii‘-ual]y to 1)0 di''tinmii‘^h(‘(l fiom relativity 
(licorx and quantum theory, although rela- 
tuislic (i(Mtm(ui 1 '> not iinohmg th(‘ qiianiuni 
lis potlie^i'' ai(' occasionally lefern'd to as 
flas^ical, as ai(‘ treatnuaits nnoUing ciuantum 
theory hut nol qiiantiim mechanics. 

C:L\SS1C\T. approximation. Sec 

Went/cl-Kramer-Brillouin approximation. 

CLASSICAL SCArrERING CRxiSS SEC- 

TION. Sef' I’homson scattering. 

CLAUDE METHOD. See low temperatme. 

CLAUSIUS EQUATION. A lorm of tiu' 
equation of state, nlating the jirc'^suie, vol- 
um(‘, aiul tempc'ratun' of a gas, and the gas 
c()nstant. The (dau‘-ms (‘cpiation aiiplies a 
• ■orn'clion to the van der Waals equation o 
coiT‘H*t llu' ])re^'^ure-coi rection term a ft)r iis 
\ anal ion wuth tiaiiyxM’atunv Tlie (daiisius 
e((uation takes the form 


a 

y* -f- — ~ 

T{V + rf 


{V - b) 


RT 


in which 1^ is tin* ])i‘r’ssure of tlu* gas, T is 
th(‘ absolute tempeuature, V is the voluine, 
R is the ga.s constant, b is a constant, a is a 
temperatiirc-dcpcndont constant, and c is a 
function of a and b. 


GLAUSIUS-MOSOTTI EQUATION. The 
relation between the dielectric con.stant k and 
the polarizability or of the individual mole- 
cules of an assfuiibly containing N such mole- 
cules per unit volume; 


k - I 

V+2 



P 


Pm 


where f)/M is the ratio of density to molecular 
weight, and Fm is th(‘ molar polarization of 
the subs! a nee. 


CLAYDEN EFFECT. A photograidiic efleet 
discovered by A. \\h (dayden tlOOO). A jiho- 
togra])i)i<' material which is fust givim a par- 
tial exposure lo ditl’use light, j)r )(luces a re- 
v(j*sc‘(l linage* if (‘Xpo'^ed a second time* to a 
bnlhatd somcc* of light. The effect i*- ob- 
stuw'ed frc‘(iucnllj in [)hotogia]>hing hghliiing 
Ii the leuiN is le'fl Open to await a fla*^!! in the 
])]op(U‘ position, other (laslu's o(‘Curring in tlu* 
meant iiiK' (strc'et lights, etc ) produce a gen- 
eral expo^iiM'. ddien when a brilliant IkiMi 
occurs the .sliutter i.« closed and the image 
de\elop(Ml. Tli(' image of the flri'-h may de- 
velop (IS a positive or as a nt’gaine dejiend- 
ing upon the r(‘Iation of the twu) oxfiosures. 
ddie i(‘im ‘‘black lightning^' is also applied to 

this iilH'nomcnon. 

CLEANUP, ll) The removal of gas from 
a liigli-vaciium (iilx* liy ihc action of ih(‘ 
getler. (2) d'he gradual disap] lea ram e of gas 
in a dischaig(' tube (such a-- a cold catliode- 
rav tiilx or an x-rav tube) due to absoqition 
by the ''dc'etrodes and glas? w’alls. 

CT.EAR (VERB). To n si ore j storage or 
uKunory device to a pre-^-nabod state, usually 
tl d denotira zero 


CLEBSCn-C<IRDAN COEFFICIENTS. C o- 

cflicieiits {J'Mmm') in 

y j' 

= E E „(!)%., „,(2) 

7^ —] n,' 

wlicrc 

= w'j.'-nCa, 

I ") = 

=/(/ 4 ))'}), 

and 


CLAUSIUS LAW. The specific heat ri an 
ideal gas at constant volume is independent 
of the temperature. 


|J(1) + J(2),2^,U ^ 4- 1)^;/ ^ 
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the operators being vector angular 

momentum operators. 

CLERK MAXWELL RELATION. Accord- 
ing to Clerk Miixwc'lTs ideniificatioii of liglit 
wiih elcclroinagnetic radiation, the dielectric 
constant, k, anti tlu‘ refractive index, v, of a 
siibslance .should bo relaled })>’ tb(' fonnula 
k - T}^. 'rtiih rc'hitiori only holds uiidi'i* rather 
restrictive (‘ondilions, such as the al>sence of 
permanent dipoles in the .substanee, m(*asiire- 
jn(*nl with liglit of very long vvav(‘lenglh, ete. 

CLICK FILTER. Se e filter, click. 

CLICK GAUGE. A device used for the 
measurement of mo(h‘rate ]>ressures, employ- 
ing a tliin diaphragm which lias two stable po- 
sitions. The tliapliragiu sej^iaraii's the system 
in wliieli tlu' j)r(‘ssure i'> to be miaiMireil from 
a sV'tein in which the pr(‘^.-m’e can be con- 
trolled. v^light diff(‘r( nces in pres'^urc on the 
two '-id(‘s are indicatf'd by an audible ^hdiek” 
sound a^ the dia]il\ragm move's from oiu' stable 
po'-ition to the other. 

CLIMATE. Ave'i’aee we'atlier of any re'gion. 
A\eraL'es need not be for a whole year but 
can be computed from data for months, 
\ve(‘ks, or days. It i"’ neees.sary tliat sutrieient 
(lata be available to remove tlie eleinent of 
irn'gularity from climatie valiu's. 

CITMATE, CONTINENTAT. S((‘ conti- 
nental climate. 

CLIMB, d'ho motion of an edge dislocation 
normal to slip plane. This process re- 
<)uir(‘s th(* movement of vacancies to or from 
the ('xtra half plane of the dislocatieju, and 
lienee its rate is governed by diffusion. 

CLINO.METER. An instrument for iiK'asnr- 
ing the angle of elevation of clouds, balloons, 
ete , in nudeorology. It consists of a tele- 
scope v\itli cross-wires, mounted on a divided 
(liiadi'ant from which tlie (‘levation may be 
read. 

CLIPPER. In communications, a circuit 
t\hieli d( 3 ('S not pcTiuit the positive (or nega- 
tive) level of signal to exceed a (‘cilain value. 
'rh(‘ most ('xtemsive use of elipjK'rs in tclcvi- 
si(»n reec'ivers is the scjm ration of the sync 
pulses from the rest of 1) , video signal. 

CLIPPER LIMHER. A transducer which 
gives output only when the input lies above a 
ci'itical van.' , and a constant output for all 


injmts above a second higher critical value. 
1'his is sometimes called an amplitude gate, 
or sheer. 

CLIPPING. The process performed by a 

clipper. 

CLIPPING CIRCUIT. See circuit, clipping. 

CUPPING TIME, 'rhe time constant of the 
clipping circuit. (See circuit, clipping (2) 
and (3).) 

CLOCK. See time. 

CLOCK PARADOX. If two identical clocks 
A, H, ai'c synchronized and then A is aeeeler- 
aled arbitrarily and then broiiglil back to 
coiJii>nre wilh R, ^\hich lias nol bc'c'ii acci'h'r- 
ated, then A will rc'conl a short (‘r tiiiK' in- 
terval than B. Tills conclusion i^ a consc- 
([uctice of, and is mid(*rstandablc in terms of, 
relativity theory. 

CLOCKSPRING CORE. One of tlu' names 
applied to a toroidal eori' made iif) of a thin 
magnetic ta])e w'ound into the form of a riTig. 

CLOSE-PACKED, HEXAGONAL. A ( (un- 
inon form of crystal structure in whii'li ]ilan(' 
(rianuular in't-.’ of atoms arc stackr'd on one 
anollKU* in the onler ARAB •••. fCf. close- 
packed s truciur e . ) 

CI.OSPTPACKED STRUCTURE. A Iviie of 
crystal .structure obtained by arranging e(|unl 
^ph(’ia> so that they occujiy llu^ minimum 



Stacking splicn'^ in clo'^r i)acking. WIk'ij ono rhj.scd 
pack laja'r has l>ceTi laid down (the A layer), tho next 
liiycr ran into (dtlirr of the two .s( ts of hollows 
{B or C) on tho fir'll layc’i. A, B, and denote the 
centers of the sphere.-^ in the thrin* po.ssihh^ positions, 
(liy i)rrinission from “Dislocations in C'ry.stals” by 
Read, ("opyright 1953, McGraw-Hill Book Co., Inc.) 

volume. Two sucli structures are possible, 
face-centered cubic and close-packed hexag- 
onal. They may be realized by stacking tri- 
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angular plane networks of spheres on one 
another so that the atoms in one layer fit into 
the spaces in the one below. If the three 
types of layers have atoms lying above points 
A, B, C, respectively, then the layers are 
sta(*ked in the order ABCABC ■ • • in the 
face-centered structure, and AF^AB • • • in the 
hexagonal slructure. 

CLOSK-TALKING MICROPHONE. Se(‘ 
microphone, close-talking. 

CLOSED INTERVAL OR SET. A set whii h 
ineludert the bounding i)oints as nieiubca.s of 
tlu' set. 

CI.OSED LOOP. Poition of a P'eynman 
diagram deseri])ing the virtual creation of a 
iiimi])er of t'leei ron-[>o‘^it run paii’s togtdluM* 
witii tli(' amiiliilalion of all of iln'in, as for 
exain])le in tlie scaltering of liglit })y liehl 

CLOSED SYSTEM. A system vliieh K i^)- 
laled from its surroundings, and \^lli(•h may 
(iK'rc'fore reach a ^tate of tlic'rniodvnaniic 
ecjuilibriinn, i.e., a iiiu(‘-iii\ ariant state wlien* 
all ninei()seoi)ie cjuantities leinain uiiehangcal 
and no s])onlan('ous [)roeesses occur. tS« e 
al •) non-etjiiilibriuni tliennodynainics and 
closed system.) 

CLOUD. I .arsj‘' nuin])i of waba diopUl-' 
nr !(•(' crystals virtually ^iispend^ 1 in llie 
atinospliere. Actually tlu‘ water or i(a in a 
cloud occupies only a ''luall ii*acti(ni of 1h(‘ 
total s])ace a])pearing as a cloud Light 
wi'll r(‘flecte(l from the firo]dets or crv'^taK 
and the cloud body appears as an oiiaque 
dnlting object. Clouds can be clas'^ified in 
several \vays. The two iiio4 common are in 
regard to form, stratified ('r billowed; and in 
regard to height, high, medium, or low' Th* 
hasie cloud forms are iiiternatioiially recog- 
nized but there are many variations of eaeh 
form. 

CLOUD CHAMBER. An enclosure contain- 
ing air or other gas saturated with wat('r 
va])()r, th(‘ cooling of wliich l>y a sudden ex- 
pansion results in the formation of fog drop- 
lets upon particles of dust or other nuclei 
Tliat ions in the gas are capable of .serving 
as condensation nuclei, even wdien no dust 
is present, was deiiion.straied by tlic experi- 
ments of C. T. R. Wilson. Thus the clouds 
produced are much more dense i^ tlu' gas is 
traversed by some ionizing emission like 
x-rays or alpha rays. Sir J. J. Thomson uti- 


lized this effect in his early measurements of 
the electronic charge. One of the most strik- 
ing ])h(‘nomena of tlic Wilson cloud chanilx'r 
is exhibited wdicn single ionizing particle^ 
such as alpha or beta particles, are allowed U\ 
tra^erse il just before the expansion. The 
path of eaeh particle is marked hy a visible 
whjt(‘ streak or “ track of mi^t, sometimes 
several cm in length wlncli soon diffii.ses and 
disappear*- The simh of ])hotogra])hs of 
such cioui] tracks ha*- m rcciait > (\‘irs afforded 
much inlormatioii as to the nature and the 
movcmiails of tli(' [iaili(*le‘s producing them. 
(See also cloud chamber, diffusion.) 

CLOUD CHAMBER, COUNTER-CON- 
TROLLED. A cloud chamber whose cxjian- 
'-ion is (rii'gi'i (‘d by a coimlea* oi’ vounters, used 
for stiahing part'ciilar events. 

CTDUD CHAMBER, DIFFUSION. \ 
cloud chamber wdiich utilizes the difTiision of 
Aa]»(u* imdcM the influem e of a high tempera- 
ture eradu'nt to produce a sup(*rsaturated 
comlitinn. IIjc process is continuous, and it 
not n('c(“-saiy lo us(' n'peated » \[)ansions, 
as in. conv(‘ntional cloud chambtis. 

CLOUD CHAMBER, IIKJLPRESSURE. A 
cloud chamber in which Ih^' gas i- main- 
<iin(d at high ])H‘ssm(* (o r(‘duce ihi* range 
<)t high tiicrg> jiarlnles and so to increase 
the j»roba])ilit y of observing ev('iits 

CLOUD CHAMBER, LOW-PRESSURE. A 
cloud chamber in which (he gas is maintained 
al low pn.ssure to imu’easo the range or de- 
crease the scatleimg of particle tT*ack.-. 

CLOUD, IC:E - CRYSTAL. Sec ice-crystal 
clouds. 

CLOUD POINT. TIk' (iMuperature at wdiich 
a solution ))ee')nK‘s ( loudy as it is cooled at a 
speeifi(‘d late, 'Du* cloud point i.s an impior- 
tant propeu’ty in the sj)ecification of laccjucrs, 
oils, and ffher important solutions. 

CLOUD - TRACK INTERPRETATION. 

Tracks are lormed in cloud chambers by the 
comlcnsation of vapor on the ionization pro- 
duced hy a iiartirle traversing the chamber. 
The presence of tlie track indicates that the 
particle was charged; its density, length, cur- 
vature in a magnetic field, etc., may be inter- 
piv'ted so as to provide infonnation on the 
.sign and amount of charge, mass, energy, etc., 
of the particle. 
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CLUSIUS COLUMN. A device for the sepa- 
ration of isotopes by thermal diffusion. Two 

verbiorih of this apparatus exist: in one the 
inner hot wall is an electrically heated wire; 
in the other it is a cylinder of diaiiicter com- 
parable to that of the outer cylinder. In the 
sc'paration of liquids the annular space is only 
a ^niall fraction of a c(‘nti meter wide, while 
in the v>eparalion of pases the space is of tlio 
order of a centimeter, 

CLUSTER. A small ^roup of liquid inolc- 
(*ul(‘b with much the same spatial arrange- 
ment as in a solid cryslal. Clusters arc found 
in iKpiids for temi)eratiir(‘s not far removed 
from the melling ])oiiit. 

CLUSTER, ION. See ion cluster. 

CLUTTER. Itadar eehoes from stationary 
or sl(ju moving ohjeets. 

COACERVATION. The production, by co- 
agulation of a hydrophilic sol, of a liquid 
phase, vvhieh often appears as viscous drops, 
instead of forming a continuous luiuid phase. 

COAGEL, A gel formed by precipitation or 
coagulation, as distinguislu'd from gel formed 
\)v Nwa'lJmg of a solid colloid. 

COAGULATION. (1) The process of com- 
pl(i(‘ or partial solidification of a sol to a 
'^‘latinou^ mass; or of the sejiaration from a 
liquid s\stc‘in of a gelatinous mass It in- 
^olves the sejviration of the disperse from the 
continuous phase wdiich fact distinguishes it 
fjnni “gelation.” (2) The n'siilt of an altera- 
tion of a disperse phase or of a dissolved 
-olid w'hich causes the separation of the sys- 
tem inlo a liquid phase and an insoluble mass, 

I he coagulation of egg albumin, (3) The 
separation of a gelatinous mass from a liquid 
>yslein, as the clotting of blood. Derived 
terms: coagulate; coagulator; coagulum. 

COAGULATION VALUE. I he cem ent ra- 
tion of a coagulant which effects a given 
amount of coagulation of a colloidal, or other 
divliersed system. 

COATED CATHODE. An emissive struc- 
ture which has been coated wdth certain ele- 
ments or compounds to provide increased 
electron emission. 

COATED LENSES. Tjcnscs coated with low 
n’floctance films. 

COAXIAi. 'iNTENNA. See antenna, coaxial. 


COAXIAL LINE. A transmission line in 

which one conductor completely surrounds 
the other, the two being coaxial and separated 
by a coutimious solid dioleriric or by dielec- 
tric spacers wdth gas as the principal insulat- 
ing material. Such a line is characterized by 
no external field, and by having no susce|)ti- 
bility to external fields from other sources. 
It is extcnsiA^cly used for radio-frequency 
transmission lines and is installed as a multi- 
channel tch'phone carrier and tehwision ]iro- 
gram lino. 

COBALT. INIetallic element. Symbol Co. 
Atomic number 27. 

CO-CHANNEL INTERFERENCE. See in- 
terference, co-channel. 

COCHLEA. The inner ear, a hoiiv struct un' 
of spii'al form containing ihroo paralkd canals, 
om* of Avhich, the organ of C'orti (see Corti, 
organ of) contains ilie nerve tinmnals whicli 
aio stimulated by viliration^ in tin* cocldi'a 

COCHLEA PARTITION. Tlie sf, ud ur<> di- 
viding the eoehlen into two major ])art^. II 
is formed in pari by the basilar immibram'. 

COCKCROFT-WALTON ACCELERATOR. 

\ (hwic(‘ in whii'h roetifa'd a-e voUag(‘ is 
to eharg(‘ a scries ot condiMisc is to a liigli d-c 
potential, wdiieh is [lum a})])li(‘d to the a(a‘ol- 
erafion of charged unclear particle^, esjie- 
cially proton.s. 

COCKCROFT-WALTON EXPERIMENT. 

The first successful nuclear disintc'gration 
produced by artificially acceleraterl protons 
(1930). The reaction involveil w'as inter- 
preted as the formation of two a-jiartirdes 
from the combining of the proton anrl the 
lithium isotope of mass 7. This can be repre- 
sented by an ccpiation as 

ilP + aLi^ 41 ^ 0 ^^ -> 2,.lle^ + Q 

wliere reprc'seiits Ihi' kinetic energy of the 
a-particlcs in excess of the kinetic energy of 
the incident proton. 

CODAN. Abbreviation for carrier operated 
device, anti-noise. A device wliich silences a 
receiver ixcept wdien a modulated carrier sig- 
nal is being received. 

CODDINGTON EYEPIECE. An eyepiece 
made from a single piece of glass with a 
groove cut around its equator to act as a stop. 



153 


Coddington Shape and Position Factors — Coercive Force, Intrinsic 


The two convex surfaces are portions of the 
same spliere. Probably first made by Sir 
David Brewster. 

CODDINGTON SHAPE AND POSITION 
FACTORS. 


Shape factor, S = 

^2 - ^1 

where ri and r 2 are the radii of the first and 
second surface of a lens, 

q — p 

Position factor, P =• 

(J + V 

wheie p and q are object and imajre distances. 

The spherical ahorration given in Third or- 
der theory may be cxim's^i'd in terms of these 
t\\o Coddington factors. 

("ODE. ( 1 ) A sy'-tem of sym])ols and rules 
jor Use m r(‘])r('st‘iil mg iidormalion (‘Jt 
T.oo^ely, the M‘t of charact(MS ri'sulting from 
tii(' use oi (a)de (di To e\prc‘ss given m- 
tniuiatioii by miauis of a code. (See aKo 
language.) 

CODE CHARACTER. A jiarticular ar- 
rangement of code elements n^'d in a code 
to n'present a single value. 

CODE ELEMENT. Om* of tlt.‘ discrete 
e^ent'^ in a code, Micli as the pres( i(<‘e or ab- 
'^enc(‘ of a pulse, oi oi a dut or a dash or 
^pa(‘e as used in a Alor-'O code. 

CODE, ERROR-CORRECTING. A (odi 
used in a redundant 'signal to improve the 
reliability of trari‘-iuis‘'ioii at the exiiense of 
channel rapacity. 

CODER. A device ^^hicll smijiles tlie modu- 
lalnig signal al< regular intervals in a pulse 
code modulation system. 

COEFFICJENT(S) OF AN AFFINE CON- 
NECTION. The coefficients r^c; L';, . in the 
lav of parallel dit^placenuait i^ei' affinely 
connected space). Tlie scalar piouuct of tvo 
vectors remains constant undcT parallel dis- 
placement only if r:, - r;;. When a metj*ic 
i^ defined the coefficients become the Chris- 
tofFel three-index symbols. 

COEFFICIENT OF CONDENSATION. 
See condensation, coefficient of. 

COEFFICIENT OF CONTRACTION. The 

ratio of the sectional area of the paralUd jet 


oil luiuid issuing from an orifice to the area 
of Ihe orifice. Its value depends on the na- 
ture of the orifice and varii^s hidwcen 0..5 
and 1. 

COEFFICIENT OF DISCHARGE. Tlu 

ratio of the actual discharge tlirough an ori- 
fice to the discharge compuied by assuming 
uniform flow ihroiigh the orifice with velocity 
V2(//i, where h is the In-ad causing the dis- 
charge. The eoefficient depends on orifice 
sliapc*. on till' fluid \iscosity and on many 
oth(‘r factors. 

COEFFICIENT OF EXPANSION. See ex- 
pansion. 

C(tt:FFICIENT OF HEAT TRANSFER. 
Sie heat transfer. 

COEFFICIENT OF RESTITUTION (COL- 
LISION COEFFICIENT) . I u a Iwo-body 
collision iTn« living paiticle^ 1 and 2, moving 
in till' same siraighi line, the eoefficient of 
lest it 111 ion is dehned by 

V2 - Vl 

e 

U\ — 

wdic're i/j > are the velocities with respect 
to a ])riinary inertial sysb m hi'fon* collision 
and > ?’i are the corresponding veloi'itics 
afti'r collision For a (‘ou.pk'tel v clastic col- 
lision € 1. 1k)r an inelastic (‘olh^ion e 1. 

(S(*c impact.) 

COEFFICIENT OF VELOCITY. Tlu' ratio 
ol the mean How \i‘locity m a lirpiid jet to 
the theorotical velocity of di-chaige ol a fric- 
tionless li(|ui(l, the lattei being given by 

v-V'- 

COERCIVE FORCE (//,). The niaRnetic 
field at winch tlie magnetic induction \B) is 
zero when tiie material is in a symmetrically, 
cyclicly magnetized condition. (Cf. hystere- 
sis, magnetic.) 

COERCIVE FORCE, DYNAMIC. That 
value of ajiplied magnetizing force at wdiich 
a major dvnamic hysteresis loop crosses the 
ab-^cissa axis (has zero value of magnetiza- 
tion). (Cf. hysteresis, ntagnetic.) 

COERCTVi: FORCE, INTRINSIC (He). 
The magnetizing force at which the intrinsic 
induction (sec induction, intrinsic) is zero 
when the material is in a symmetrically, 
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clicly magnetized condition (Cf. hysteresis, 
magnetic.) 

COERCIVITY (//.J. That property of a 
inagnetio niatenal which is measured t)y the 
coercive force wlien the cyclic state readies 
saturation, (('f hysteresis, magnetic.) 

COFACTOR OF A DETERMINANT. The 
complementary minor to llie element of 
a determinant, multi]di('d liy the sign 
( — 1)‘ + ^ Also called signed minor. 

COHERENCE. See coherent radiation, and 
interference. 

COFIERENCE IN SOUND REVERBERA- 
TION. TJie occurrence of n'ceived sound 
reverberation in tlie fonn of jiulsi'a or short 
bursts. 

COHERENT OSCILLATOR. Sec oscillator, 
coherent. 

COHERENT RADIATION. In coherent ra- 
diation there are dcdinitc' phase relationdiiiis 
b(‘(weeii ra<liation at diftVrent ]m^itious in a 
(‘I'osH section of the radiant ('ncagy iK’ain (or 
beams), uliereas in noncolier('nl radiation 
Ilir'se r('lationshi])s arc' random. For (\ain])le. 
a slit is filled \m(Ii aj)])! oMinately enhenmt 
radiation when it recc'uc's Ijoljj from a small 
distant source, because every jiortion ot the 
slit is t)u*n illuimnati'd by the light from eacdi 
radiating atom or inoh'cnle ol the source 
Interference bands are observed only between 
eoherent beams. 

COHERENT SCATTERING. See scatter- 
ing, coherent. 

COHESION. Forces between the partiehvs 
n| anv givc'ii mass by virtiK' of wdiich it re- 
sists physical ilismt('gi“at ion The connota- 
tion of the term caiheMoii impli(‘s a diffcTence 
Inan adlu'siiu), in w’liich the forces are ojicra- 
ti\e eirudiy in surfaces. (See cohesion, work 
of, and see also adhesion and cohesion.) 

COHESION PRESSURE. The addition 
t('rm used in the van der Waals equa- 

tion to eorrc'cl the ])resMire by adding tlie 
attractive force of tlie molecules. V is the 
Aolumo of the gas, and a is approximately 
constant for a given gas 

COHESION, WORK OY. The work re- 
(lUirc'd to sepai'c.oC a column of liquid 1 cm- 
in cross section iuio Iw^o. It is given by 

Wr = 2yL 


yj, is the surface tension between liquid and 
vapor in ergs per cnr. 

COHO. A coherent oscillator (see oscil- 
lator, coherent) used with moving-target, in- 
dicator radar systems. 

COIL. 'I'liis term applies to one or more 
turns of conductor when w'ound as a definite 
unit of an elec'trieal circuit. Thus we have 
the choke coil, or as it is sometimes called, 
impedance coil, as a number of turns of wire 
toiming a coil list'd primarily for its reactance 
effect. The Iransformcr is a unit of one or 
more coils used for transferring electrical en- 
cTgy by magnetic induction. Coils arc par- 
ticularly important in coininumcations cir- 
cuits where they sei ve in the above capaci- 
ties, but also form ])arls of the tuned circuits 
which make ])ossibl(' our complex systems. 
\\1ule tlie coil is ordinarily used for its indiic- 
ti\e f)i*opcrties, it inlu'rently has both n'.-^ist- 
aiice and distrihuti'd capacity. The former 
is heeauNC of the resistance of the wire of 
which it is w'oimd. 'Fhe lattt'r is due to (he 
liotential difference bi‘tw(‘eri turns wiiieh^are 
sc'paiated by the turn insulation. At high 
Irequeueies this distributed capacity becomes 
('xtreineiy important and limits the usefulness 
of a given (*oil. Various special winding 
sclieme^ have biaai us(‘d to minimize this ef- 
fect. l^dectrical machines have coils as essen- 
tial eomjionenls, e.g., field coils, armature 
coils, etc. 

COINCIDENCE (IN COUNTER TECH- 
NOLOGY). The ocenrrenee of counts in two 
(U’ moH' detectors simultaneously or wntliin 
an assignable time interval. A tru^ coinci- 
(hnc(^ is one that is due to the detoetioii of a 
single pai+iele or of several genetically re- 
lated partich's. An accidental, chance^ or 
random coincidence is one that is due to the 
fortuitous occurrence of unrelated counts in 
the separate detectors. A delayed coinci- 
dence IS the occurrence of a count in one de- 
tector at a short, but measurahlo, time later 
than a count in another di'lector, the two 
counts being due to a gonetically-rclatcd oc- 
currence such as successive events in the 
same nucleus. 

COINCIDENCE, ANTI-. The occurrence, 
in a particular detector, of a count unaccom- 
jianied by a simultaneous count, or by a count 
within an assignable time interval, in one or 
more other Kspecified detectors. 
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COINCIDENCE CIRCUIT. A circuit used 
for coincidence counting. 

COINCIDENCE COUNTER. Sec counter, 
coincidence. 

COINCIDENCE COUNTING. An exprri- 
mental technique in wtii(‘h particular 
of events are disliriguishod from hackeiouiid 
events by means of coincidence circuit'^ so 
designed or employed as to regist(‘r coinci- 
dences caused by Ihe type of evenis under 
consideration. 

COINCIDENCE METHOD. See physical 
tneasurements. 

COL. A relatively small area about midway 
bet\\('en l^^() cyclones and Lao anticyclones 
\^lua'^* tlic pressure gradient is \ ( ry weak and 
winds :u(> usually light and variable. It is 
(he point of in1('] section bet\\(H‘n a trough 
line and a wedge line. 

COLD CATHODE. Se e cathode, cold. 

COLD-CATHODE TUBE. S( e tube, cold- 
cathode. 

COLD DOME. A moving mountain or ma^s 
ol cold, d(msc air. 

COLD FRONT. Any boundarv surface 
sepal ating cold air from wanner .ir, ahing 
wliieli cold air is aeti\el> dis])lacing (h(‘ warm 
air. 

COLD SECTOR. Tem])era I ('-zone cyclones 
Usually involve two air masses. That ])art of 
Ihe evelono occupied by the cold air i^ kiiov\n 
as the cold sector (in contiast with the aiea 
occupied by the warm air, \vhich is the warm 
sector). Cold sectors constitute moie (ban 
oiic-lialf, and often pracli(*ally all tlu aica 
covmal by a c> clone. 

“COLD TESTS” OF RESONANT SYSTEMS, 
idic testing of a microwave system with tlu 
tub(» in place, but in a iionoperat ivt‘ condi- 
tion so tliat its ele(*tronic admit! auee is Z('ro 
The resonance frequency, loaded and un- 
loaded Q, and the driving point admittance 
are quantities usually measured 

COLD WAVE. A rapid and marked fall of 
temperature during the cold season of the 
yc’nr. 

COLD WORK. Considerable plastic defor- 
mation of a metal at such a temperature that 


tlfC material contains strains, dislocations, 
etc., in a mctastable state. 

COLLECTIVE ELECTRON THEORY OF 
FERROMAGNETISM. The electrons re- 
‘'poiisible for ferromagnetism an' sufiiiosed to 
l)e more or free. Parallel almniuent of 
tlieir s])in.s is favon'd by th(‘ exchange inter- 
action. A\ itli tlu' introduction of Fcrmi- 
Dirac statistics, i^ is ])f> .ible to ^llow that a 
Iraiisihon from tlie ferromagnetic to the para- 
mngnt'tic state* oecius at a certain tompera- 
tnic, which is ick'ntificd with the Curie point. 

COLLFCTIVE MODEL OF ELECTRONS 
IN METALS. See Bohm and Pines method. 

COLLECTOR. ( 1 I In an electron tube, an 

elect i‘()d(' tint collects (‘U'ctrons or ion^* that 
Iruf* cumiiletcd ih* u’ functions wdtliin the 
lulu. (2) Tn a transistor, an electrode 
thrtuigh w}ii(*h a primary flow of carriers 
h'aves the interelectrodc ngion. 

COLLEC TOR MULTIPLICATION (IN A 
TRANSISl’OR). The increase in the number 
ol colh'cted carriers at an invc'rse^y-biascul 
p-ii junction, due to an excessive density of 
minority carriers in the colleetor region 

COLLECTOR RESISTANCE, TRANSIS- 
TOR. Set* ti'ansistor parameter r, 

C:OLLlMATION. The process by which a 
divergiuit lu*am of energy or particles is con- 
V(‘rted into a ])arallel l)(*ani. (('f. collimator.) 

COTJvfMATOR. (1) An optical apjiaratns 
for pioduciiii: ])ai'allt'l rays of lighi. A com- 
mon form (‘on^i^ts of a corru'rging lens, at one 
of V liose focal jioint^ i'^ filacr'd a small source 
oi light, U'-ually a juiihoh' or imrrow^ "'lit upon 
which light i*. focused from heliind Pays 


O 



(’nM.iMA'rt)R 

J^noi^fut niys frnni -.lit S uMvltrcd pnriillcl hy objec- 
tive () 

(liAiTging from this local pond (nnerge from 
the olqi'ctive lens m .a ])riral]el beam The 
>\ii or other source is view’cd through the col- 
limator wiihoul parallax, since it aiipears at 
an infinite* distance. Tlie an*angonient is very 
gciierallv used on spectroscopes and epec- 
tromoters. (2) By analogy, any arrangement 
of slits or apertures which limits a stream of 
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particles to a beam in which all the particfes 
move in the same, or nearly the same, direc- 
tion. 

COLLIMATOR, FOCAL. See focal collima- 
tor, 

COLLINEAR EQUATIONS (OPTICAL). 

If the intersection of the optical axis with a 
plane throuj^Ii the principal focal point of 
object space is taken as tlie origin of coordi- 
nates for points in the object space and a 
similar origin is taken for coordinates in im- 
age vspace, the following collincar equations 
result: 

XT' =//' 

y' 'y = /A = a-'//' 

where x, x' are distances from their resi)eetive 
origins ])arall(‘l to the optical axis, ?/, //' are 
distance's noimal to tlie optical axis, and /, /' 
are focal distances measured from their Kvspe^c- 
tive origins. 

COLLISION. As used in physics, this term 
refers to any interaction between free ]nir- 
ticlcs, aggregates of particles, or rigid bodies 
in which tliey come near enough to exert a 
mutual influence, generally with excliange of 
energy. It does not necessarily imply actual 
contact. The ]U’ncess is always subject to 
conservation of momentum, and in an ‘^cla'^tic 
collision,’’ also to conservation of energy. In 
the latter case, if the initial velocities are 
given, the velocities of the bodies after col- 
lision can be calculated by applying these tw’o 
cons(‘rvation principles. The subject is of 
special significance in atomic pliysics, wliere 
a collision is defined as a close approach of 
two or more photons, jiarticles, atciiiLs or 
nuclei during w'hich an interchange occurs of 
(‘barge, energy, momentum or oilier quanti- 
ties. (See also impact.) 

COLLISION DENSITY. Tn nuclear teclinol- 
ogy, the number of neutron collisions wdth 
matter |)er unit volume per unit time. Partial 
colli.^ion den.sities may be defined for neutrons 
characterized by such parameters as speed 
and dire(*tion. 

COLLISION DIAMETER OF MOLE- 
CUI.ES. Tli(* distance ef closest approach 
betw(‘('n 1li(‘ ce’^<r*i’s oi any tw’O molecules in 
a ctOlision. 

COLLISION. ELASTIC. A collision during 
which no ' nange occurs in the internal energy 


of the participating systems; or in the sura 
of their kinetic energies of translation. The 
total mechanical energy is conserved, hence 
the coelEcicnt of restitution is unity. (Sec 
also impact.) 

COLLISION, INELASTIC. A collision dur- 
ing w^hich changes occur both in tlie internal 
energy of one or more of the particii)ating sys- 
tems, and in the sums of their kinetic (mergies 
of translation befon* and after the collision. 

COLLISION OF THE FIRST KIND. The 

collision of an accelerated particle (e.g., elec- 
tron) w'ith an atom resulting in a transf(‘r of 
oiKWgy whereby the atom becomes excil(‘d 
and the electron is slowed. 

COLLISION OF THE SECOND KIND. 

d he ccdlisioii of an cxcitc'd atom wj(li a 
particle (e.g, ole(‘tron ) wlu‘U'])v tiu' atom 
imderg(H‘S transition t(' a lo\\(‘r (‘n« stale 
and the oIIkt particle is accelerated. 

COLLISION, PERFECTLY INELASTIC. A 

collision during w'hich flu' amoiinl of meclian- 
ical energy converted into intt'rnal (‘nergv has 
the greatest po'-^sible value consi^Umt with the 
conservation of monK'iitum. Tn '-ucli a col- 
lision the coefficient of restitution is zero. 

COLLISION, PLASTIC. A colli,ion in 

W'hich ]>lastic deformation of (me or bolh eol- 
liding ])artieles takes jdaee, and some me- 
chanical energy is dissi])atod. Tlie coefficient 
of restitution is les^ than unity. (See also 
impact.) 

COLLISION WITH ELECTRONS, PROBA- 
BILITY OF. The number of collisions per 
unit electron current per unit jiath I(aigth per 
unit pressure at 

COLLOID. Noncrystalloid. Substances tliat 
form tw'o-idiase systems with solvents which 
exl libit the gross propeiTics of solutions, or 
modifications of crystalline substances which 
are capable of forming such systems. The 
former viewv that the colloid is essentially dif- 
ferent from substances which form true solu- 
tions ih giving w'ay to consideration tliat 
th(‘ colloidal state is merely a condition into 
which all, or nearly all, substances can be 
brought by suitable means. Colloidal “solu- 
tions’’ do not obey the', solution laws: the 
alterations of tlie boiling and freezing points 
arc inappreciable, and the osmotic pressures 
very small. A colloidal solution is, in rcajity, 
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a (Ubperso Rybtern, and such measures as sep- 
aralo dispc'rse systems will usually eau’^e the 
coap;uIation and precipitation of colloids. 
()si\vald distiiiguifalicd between two classes of 
colloidal liquids, one in which the suspended 
colloid does not sensibly affect the properties 
of the dispersive medium, sucii as RU‘spcnsions 
of metals, metallic ‘'ulfidcs or clay; and the 
clash in which the reverse is true as in tlie 
case of gelatin solutions wdiieh ‘‘set” to p;els 
below a eertain tem])erature. (See also col- 
loidal system.) 

COLLOID, HETEROPOLAR. A eolloidal 
^y^t('m in whieli tlio disjiersed jiartieles are 
polar compounds. 

COLLOID, IIOMOPOIAR. A eolloidai 
^\s((in in \\hich (he dispersed particles are 
nonpolar compounds. 

COLI.OTD, NEUTRAL. Thi- eolloidal sy^- 
loiined in soap ‘solutions at liigh eoucen- 
f ration^ of soap 'rh(* colloidal particl(‘s ar(‘ 
cr^''lallino m natuie and possess a laminated 
stuielure couvistiii^ of layi'rs of undissoeiated 
soap molecules. 

C:OLrX)ID, REVERSIRT.E AND HIRE- 
VERSIBLE. (DA di t met ion bas»Yl on [he 
fact that eertain <u])s!ane(‘s iiumediatidy as- 
‘^^l!^e lli< colloidal '^iate on conta'-^ with inire 
\\a(('r. '’Idicse are teimed revcu’sible (*olloid« 
Others remain insoluhlo wIkmi onc(’ sc^paraOMl 
from the disiUT^e sy^lem. 'rhere is no r* il 
tlaoivtical distinction bc'twecn the clause-, 
for I he j)hennTn{'non (le])Onds upon the veloc- 
ity vith wliieii the disperse pai'tieles form 
grains ot ])recipitable size, and all Mich “le- 
vc'rsiblo^^ colloids eventually bt'come irreviTs- 
ihle. (2) Colloids vliich, like agar agar *»r 
gelatin, form bf)th solutions and tvo phase 
svstoms with water according to t(MnpGraturc 
arc termed rev('rsiblc. 

COLLOIDAL EQUIVALENT. A term ap- 
plied to the dispersed phase of a eolloidal 
system, denoting the number of molecules per 
unit electric charge. 

COLLOIDAL SOLUTIONS, METHODS 
OF PREPARATION. Colloids fall roughly 
into two groups. First are the natural col- 
loids, which are usually lyophilic, where the 
materials give colloidal solutions wdien they 
are put in a suitable dispersing medium or 
when they are wanned in this medium; for 
e\am]de, proteins or soaps in water. The sec- 


ond group, called artificial colloids, are usu- 
ally lyophobic sols, and have to be prepared 
by special metliods. These mtdhods are 
grouped under dispersion or peptization yiroc- 
esses in which particles or inacr()sco])ic di- 
mensitins arc broken dowm to colloidal dimen- 
sions; and condensation or precipitation proc- 
esses where the colloid is foniu'd by building 
up from ions, atoms, or molecule.^ 

The main dispersion processes are (1) me- 
chanical methods, such as the colloid mill, (2) 
electrical disintegration methods using an 
electric arc, (*1) peptization and (4) ultra- 
sonic waves. 

In condensation processes \, lu‘rc colloids 
are formed by lh(* airgi ('gallon of atoms or 
moh'cules th(‘ stages are (1) formation of a 
supor<;itLirated olulioii which van be brought 
about in a number t)f wuiys, such as hydrolysis 
reactions, double ih'compo^ition reaediou'', re- 
ductions, oxidations, and exchange of solvimt; 
(‘2) formation of nuclei in the snjK'i’satiirated 
solution; (3) growth of nuclei to larger ])ar- 
tieles until thov reach eolloidal dimensions. 

COLLOIDAL STATE. A system of partieh's 
in a dispersing medium, in w'hieh the mean 
size of the particles lies between molecular 
size and a size gi’cat ernuigh to bo visible to 
(he eye, or in the o[)tical inicnNcope. The 
si/e limits are approximately 2 X cm to 

5 X ill " em 

COLLOIDAL SYSTEM. A multiphase sys- 
tem in which there is at least one finely- 
dividt’d di^'y)crsed phase more or less uni- 
formly distributed through tiie eontinuous 
phase known as the dispersion medium. The 
SiZC of the particles in the dispersed phase 
ean be roughly between 2 X' Id em and 
5X 10"'^ cm Tile tyjies of ccdloidal sys- 
tems Usually (‘neount(‘red, depending on the 
nature of llio di^'persed phase and the dis])er- 
.-ion medium, are: sol, emulsion, foam, solid 
-^ol, solid ('iniiKion, solid foam, solid aerosol, 
li(iuid aerosol, gel 

COLOGARITHM. Phe logarithm of tlie 
recqu'ooal of n ruiinber. Roinctimes used in 
logarithmie comyiutation to avoid the use of 
negative mantissas or of subtraction of loga- 
rithms 

COLOR. C olor consists of those characteris- 
tics of light other than syiatial and temporal 
inhomogeneities, light being defined here as 
that aspect of radiant energy of which a 
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human observer is aware through the visual 
sensations whieli arise from the stimulation 
of tije retina of the eye. Color is a broad psy- 
eliofihysiologieal (•oiKTpl, enibraring far more 
Ihan the i)^yeliol<)gieal s(‘nsati()ri of hue. It 
iiiclufles the grays, as well as the ohromatie 
colors; (he eharaeterist ies of light constituting 
color may be stated in ((‘rms of <be appro- 
priate photometric (juantity, dominant wave- 
length and purity — (*orresponding generally 
(o the ai tributes of visual sensations, bright- 
iie.ss, hue and saturation. (Sc(‘ also Young- 
Helmholtz theory of color sensation.) 

COLOR ANALYZER, KEUFFEL AND 
ESSER. A \isual spectrophotometer using a 
single collimator f.aving a rlividofl slil. 

COLOR BLINDNESS. The inabiliiy of cer- 
tain dcdeciive eye's to distinguisli lieluee'u dif- 
ferent colors Inability to eli‘-tinginsli ])e- 
tweeai led and green is fairly coiuinon, par- 
ticularly in mi'D. Yellow-blue color bhndnes.s 
is nuicli Ic'ss coiunion. Wiih naluced illumina- 
(ion we all bocoino color blind before we 
cease io s(M' at all. This (‘heel is duo to the 
gre'aler seaisitivity of the rods, wiiicb are not 
rolor-s('nsitiv(', than the eonos, ^\bIch are 
color-sensil iv(\ 

COLOR BURST. "I'liat portion of (he coin- 
po'Niie color signal comprising the few sine- 
wav(‘ cvek's of eailor subcarrier frc'quc'ncy 
(and the color burst pedestal, if ]>roscntl 
wlncli is addl'd to the bori/ontal pedestal for 
syncluonizing (lie color-carrii'r reference. 

COLOR-BURST PEDESTAL. See burst- 
pedestal. 

COLOR CARRIER. Si'e color subcarrier. 

COLOR-CARRIER REFERENCE. A (on- 
tinuou'- sigjial having the same frequency as 
(he color •-ubearriiT and having fixed phase 
with respect to the color burst. This signal 
IS used lor the purjiose^ of modulation at the 
traii'-mitti'r, and demodulation at the re- 
ceiver. 

COLOR CENTER. When an alkali halide 
f*rysial is heated in an atmosphere of the 
alkali vapor, it takes < a deep color, which 
is attributed to the cn'i ’^lOn of lattice vacan- 
cies, acting as .enters to which electrons arc 
attracted, '’riie fTior is due to the absorption 
of light in a broad band, as the electrons are 
ionized a ...y from the center. By illumina- 


tion in the absorption band, the color may be 
bleached, and the crystal rendered photocon- 
ducting (see photoconduction). Color cen- 
ters may be produced in other ways than by 
heating in alkali vapor, such as by electrol- 
ysis, by irradiation with x-rays, electrons or 
neutrons, etc. Several types of color renters 
or bands liave been d(*signated, as exempli- 
tieil by the following: (be F c(*ntcr or band is 
considen'd to originate from an excess elec- 
tron near a negativ(‘ ion vacancy; the F', 
fi-om two excess elec’trons near a negative ion 
vacancy; the Fn, from iwo liound F-centei‘s; 
the Fo + , from one excess electron near two 
negative ion vacancies; the from an olce- 
tnin hole near a positive ion vacancy; the Uj 
from add('fl fl if)ns in a negalivc ion va- 
cancy; th(' M, from an F-center combincfl 
vi(h (wo vacauci("^; the 7), from an excels 
('lection lu'ar a couibin('d jiositive-nt'galiA'c 
ion Aacancy. 

COLOR, COMPLEMENTARY. Two colors 
art' said to be eomp](‘in('n(ary wlu'ii they have 
eoiupk'iiH'ntary cln‘oina(i(*i(i('s (see cbfoma- 
licily, complemenlary ) and, on mixing in 
siiiiabli' proportions, vii'ld a spi'cifu'd achro- 
matic color. 

COLOR COORDINATE TRANSFORMA- 
TION. C'omputation of (lie tristimulus values 
of colors in terms of one s('t of primaries from 
the trisliniulus \ allies of the same colors in 
anollier sel of primaries. This computation 
may be ]ieiforin(‘d electrically in a color-tele- 
vision sy.s((^'Tn. 

COLOR DECODER. A circuit in a color 
(ele vision receiver used to separate the three 
color signals. 

COI.OR DIFFERENCE SIGNAL. An elec- 
trical signal which, \\hen added to the mono- 
chrome signal, produces a signal representa- 
tive of one of the tristimulu.s values (with 
i-espe(3t to a stated set of primaries) of tlie 
(ransmitted color. 

COLOR DISCRIMINATION. Perception of 
differences between colors. 

COLOR EDGING. Spurious color at the 
Innindarios of differently-colored areas in the 
color-television jiicture. Color edging in- 
cludes color fringing, misregistration, etc. 

COLOR FILTER. A layer, film, or plate of 
a substance or material that absorbs or re- 
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fleets certain frequencies and transmits other 
frequencies of li^ht, thus changing the spectral 
distribution of the lip;ht energy. 

COLOR MATCHING. Vaiiation of tlie 
amount of the standard conii)oncnts in a 
color mixture until it docs not differ \isually 
from a given sample. 

COLOR MIXTURE CURVE. A ciuve rep- 
resenting the amount of a standard (Compo- 
nent (usually specified in va\( length) le- 
quired in a three-color mixture to match a 
‘-ample color, for unit flux of sja'ctral energy 
The variables jilotted are usually tlie amount 
in lumens of the standaid component and the 
indicated vavedength of the' sample color 
matched 

COr.OR MIXTURE FUNCTION. A Innc- 

tion baMiig as vanabh s the amounts nr pio- 
poitions nl tlne( indaid rohu* (omponeiit-, 
leiiu s(Mited l)v tlu* color inixUire curve. 

COLOR, NONSPECTRAL. ( 1 ) \ color not 
pie^( nt ui the spc(1iuiu of \\lub' liglil (2) 
\ color which (an 1)0 i(]m rented hv a point, 
on tlu' chromaticily diagram, tliat on tin 
siraiglit liiK' Ix'tween the rnds oi the spectrum 
locus, or b('t\\(('u that iuK' lITuI the achro- 
matic point. (DcTmition bv (''ommi(tc(‘ on 
ColoiimotiY ‘»f tb(‘ Oidu'al Soch v ol Amtr- 
ica ) 

COLOR PHASE (OF A GIVEN SUB(. vH- 
RIER COMPONENT). The plia^e, wiili n- 

sj)(M*f to the color-raiiic] ictiunc(\ of lliat 
component (d tla' carrier-color signal which 
transmit'- a paiticuhr color snmal 

COLOR PHASE AT VERNATION (CP^b 

The periodic changing of th(' i olo’^ pha^e »i 
one or moK' coniiioncnts of ihe color siibcar- 
rier between two sets of assigned values Tn 
lh(' N T.S r system, the color ])}ia‘0 is 
changed after every held It is ^ecoinmcnrlod 
that the term “color phase alternation” be 
used ill place of the terms os< dialing color 
sequence and flip-flop, winch hav(' bc^cm used 
with this same meaning. 

COI.OR PICTURE SIGN AT., ( he electiical 
‘Signal wdii(;h represents color picture inior- 
ination, consisting of a monochrome c(nnpo- 
nent plus ti subcarrier modulated witli color 
information, excluding synchronizing signals. 

COLOR PRIMARIES. Sec primaries, color. 


COLOR SCREEN. A color filter used to ex- 
clude certain frequencies of light from a re- 
action sv'-tenn in order to control or modif}" 
a photo-piocess, physical or chemical. 

COLOR SENSATION. A subjective experi- 
ence constituting iho tinmarv conscious re- 
s[K)n^e to stirnu lain 'll of the eye by radiant 
iiitigy m the visible rc'gion 

COT.OR, SPECTRAL. A color ic]')rcscntcd 
bv a point on the ehromaticity diagram that 
Iks on a stiaighi line bidwt'en the spectrum 
locus and the achromatic point. 

COLOR SUBCARRIER. The carrier whose 
modulation sidebands are add('d to tlie mono- 
chrome signal to con\ey coh/i infonuation. 

COT OR SYNC SIGNAL. See color burst. 

COLOR THEORY. An ('X])lamition of the 
(oioi of '-ubst inccs on the l)a^is of (luir chem- 
ical slinctuu .ind ])liv^s](‘al condition 

C OLOR TRANSMISSION. In television, ih(‘ 
iraii-.inis'-ion of a signal wave for controlling 
both tlu' luminance values and the chromatic- 
ity valne^ m a picture 

COLOR VISION, THEORY OF. Any psy- 
chot)h} "lologu al tlu'Oiy which attinnpts to 
(OIK lilt (‘olor siai^atioii \\ith the spccfial dis- 
Iribntiou ot the ladiant ('iOigy it iching the 
eve The (ativ Yonng-Tr( Imholtz tlu'ory of 
(oloi ^ j^ion ha*^ been follow'cd by oDieis, none 
ot vthich aie com]il('(('iv^ consist (lit wutli both 
]i‘'yclio])liy^ical ob^ert at ions and anatomical 
»*v idcncc' 

( OLORl METER. (1) An instniiiK'nt de- 
•^igned ioi direct m(ai'-iu (‘ment of colors (2) 
An in^tiunH'iit dc'^ignerl tor the nuxasureme nt 
of color, ])innanly by means of the visual 
eciuivahmce of a sample to a •^vuithesizcd 
stimulus (H) An instrument iisi^l for the 
empiiKal mea^uieinent of ccmcentrations of 
solutions or flic grading of produets For this 
lu'^t use, the name “color comparator^^ is 
pic ferable 

COLORIMETER, ABNEY. A colorimeter 

which combines light fiom two or more ncjsi- 
tions in a ^jiectrnm of wdiite light for the 
purpose oi ])rodiicing colors of known char- 
actcri'-dics 

COLORIMETER, BROWN-MacADAM. A 
(hree-filfer colorimeter embodying color 
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mat(*hcs between nearly id(*ntiral hpectriil ilis- 
tribution.s. The color to be matohod ib syn- 
thesized in an optical bystein usin^ the same 
kind of lamp, fillers and mirrors as lliose in 
the ojitical system used in matehinpj, whereby 
when the colors are matched, the sjiectral dis- 
Iributions are idiailical. 

COLORIMETER, DONALDSON. A tri- 
chromatic, additiv(‘ colorimeter ha\inp!: fil- 
tei's, and mixing tlio compomaiis liy diffusion 
in a coated, liollow sphere. A modified Don- 
aldson colorimeter has six narrow -band fil- 
ters, and ib arranged so tliat an ajiproximaic 
s})ectral match ib fir^t obtaincfl by the 

filters succ('s.sively in the eyepiece, followeil 
by a final visual match without a filler. 

COLORIMETER, EASTMAN. A subtrac- 
tive colorimeter (s('(‘ colorimeter, empirical) 
in which the .sample is inatdu'd by Yvj}\i pass- 
int;: throui 2 ,li lliru' wc^li’i's. rwcdi lielomrinjz; to 
a .scriov that can be vaiicr! until the Ik'-^I 
inat(‘li is obtanuai. The serii's are minus 
ftrocn, minus bliu* and minus red, 

COLORIMETER, EMPIRICAL. A colorim- 
eter Using a sera's of sel('cli\ (dy alisorbine; 
maliTials throuuh winch transmitted lii'ht is 
modified to match (h(‘ samiih*. xMso call(‘(l 
“subtractive coIorimetiT.’^ 

COLORIMETER, GUILD. A trichromatic, 
acMitive colorimeter in which the amounts of 
the three coiu[)onents luixt'd arc controlled b}^ 
rotaiy sluiitca* moveim'nt A lotaling peri- 
scopic jirism jircsents the components rapidly. 

COLORIMETER, GUILD VECTOR. A 

eolorimeU'r d('signc(l for the direct determi- 
nation of chroniaticity by nu‘ans of twa) suc- 
(•{‘bsive matches, wluM’efrom the cliromaticity 
of the saiiijile is (hdermined by the point of 
intersection of these two vectors in the cliro- 
maticity diagram. 

COLORIMETER, IVES. A trichromatic 
colorimeter using filters, in whicli tlie amounts 
of the tliree component colors mixed is oori- 
trolled by variablo-wddth diaiihragins. 

COLORIMETER, NUTUNG. A colorim- 
eter for direct detennin > don of dominant 
wavelength and purity, in w’hich the sample 
cohn' is matchcil oy adding an adjustable 
slandard wdiite (achromatic) stimulus to the 
sp(‘ctrum ligiit from a pri.sm. 


COLORIMETER, PHOTOELECTRIC. A 
colorimeter in which the matching of a sam- 
ple is effected by thi’ee filter-photocell com- 
binations; although, of course, it is pos.sible 
to use a single photocell succes.sively to meas- 
ure the light passing all three filters. 

COLORIMETER, ROTATORY DISPER- 
SION. A colorimet(T in which a sample is 
mat(*h(‘d by rotatory dispersion of polarized 
light by lh(* adjustment of Nicol prisms (and 
intervening plates) and the instrument cali- 
brated in terms of chrom^ticity. 

COLORIMETRY. The science of color 
meaftii lenient. 

COLORIMETRY, THREE-CXILOR METII 

OD. A (‘oloriiiK'tric Jiu'lhod in which tlii‘ 
sample is mat (‘heal with a mixture' of ^alial)le 
amounts of three (‘omj^onents of light wuth 
different chromaticiles. 


COIiORTRON, A tiirce-giin. tricohw kine- 
scope. 

» 

COLPITTS OSCILTATOR. See' oscillator. 
Colpitis. 

COLUMN. 1^1 ])ositioiial notation a position 
corresponding to a give'n penver eif I he' radix. 
A digit le^cated m any particular column is a 
coefficient of a corres])on(lirig peiwer eif the' 
raelix. Syiieinym: place. 

COMA. One of the five geonuMri»‘al abeiia- 
tions of a Icils wath spherical sui- face's. Skew 
rays frem a peant object elei not me'ot at the' 
same ])oint on tlie image plane*, but rather in 
a j)car shaped s])ot (coma). The Abbe sine 
condition is a me*asiire of ceuna. A len^ sys- 
lean which is ceirrccted for both spherical 
aberratiem and coma fe'r a single obje'e't })Osi- 
lion is calleel aplanatic. 

COMATIC CIRCLES. Rays from an eifT- 
axis peiint through any zone of a lens meet 
the focal plane in a cemnitic circle, the radius 
of wdiich is in propoiliem to the radiu.s of the 

lens zone. 


COMB FILTER. Se c filter, comb. 

COMBINATION. An assignment of a gi’oup 
e)f objects into twn or more mutually exclu- 
sive sets. The binomial coeIRcient ( fc) 

number of W’ays or combinations of selecting 
k objects from a set of n objects. If the k 




161 


Combination Microphone — Commutation 


objects arc permuted amonp; themselves, no 
new combinations are fornied, but there are 
k\ new arrangements of each combination. 

COMBINATION MICROPHONE. See mi- 
crophone, combination. 

COMBINATION PRINCIPLE. The prin- 
ciple, first recognized by Ritz, tliat the many 
frequencies exhibited by the spectrum of a 
substance can be regarded as differences }>e- 
twoen a eoiniiaralively few terms character- 
istic of the substance, taken two at a lime m 
their various possible combinations. Ritz’s 
statement was (]uite omiurieal, but wo now* 
undersl ‘ind that these terms correspond to the 
(lilfpr(‘ni poswide em^rgy states oi the atom 
or molecule, and that the much more numer- 
ous spectral frecpiencies c()in‘S])ond to ‘^iumps’* 
(^r ti auditions from one slate to aiiotlier witli 
co7isM|uent n'lca^-e or absorption of radiation 
(juanta For ('\ample, if an atom had twcaity 
l)()^‘-i))l(' eiHMgv '-talcs or “levels,” the numln'r 
()l possible transitions releasing energy w’onld 
be tlu'orc ticMlly 190 

It (l()('v not lollowg liowevcr, that all of tlie 
eon’e'-jxaiding rrcfpiencies an' actually found 
in Ihe s])eciruin; some are “forlndden,” or of 
^U(“h rai(' occiirrcnc (' as not to produce' o))- 
a'l'vabh' --pe'ctruin line^ \Vli('n the principle 
Is a)i]>lu(l to corlain molecular spectra, '-light 
di-cT' fiancK's arc' found which inav be (‘X- 
plaiiK'd by as‘-u]iiing that ‘•onie of I he enen:y 
levoK are not single hut are elo^i' doubles. 
Sueli a discrepauey is known as a “combina- 
tion defc’ct.” 

COMBINATION SET. See measurement, 

COMBINER CIRCUIT. See circuit, com- 
biner. 

COMMAND. Tn compute'!’ work, one of a 
set of several signals (or groups of signals) 
which occurs as the result of an instruction; 
the commands initiate the individual steps 
wliich form the jiroccss of executing the in- 
struction, 

COMMON-BASE CONNECTION. Sec 
grounded-base connection. 

COMMON-COLLECTOR CONNECTION. 
See grounded-collector connection. 

COMMON-EMITTER CONNECTION. See 
grounded-emitter connection. 


COMMON ION EFFECT. The reversal of 
ionization which o(*curs when a compound is 
aflded to a solution of a second compound 
witli which it has a common ion, the volume 
being kej^t constant. The degree of ioniza- 
tion of the second compound then is lowered, 
i.e., it retrogresses. 

COMMUTATING CAPACITOR. Sec ca- 
pacitor, commutating. 

COMMUTATING REACTANCE. A reac- 
tance (‘oniK'cled ju tlu' cathode lead of mer- 
cury-arc rectifier units to iuMire the current 
through the tube holding over w'lu'n the volt- 
age on the conduetmg anode drops until the 
lu'xt anode can juck up conduction. Witliout 
tliiv, tlio arc woulil go (uit, aufl tlu' tube wamld 
need re^larting by some auxiliaiy means. 

COMMUTATING REACTOR. See com- 
mutating reactance. 

COMMUTATING REC.TIFIER. Synonym 
for free-w^hccling rectifier. 

COMMUTATION. (1) I'or the use of tliis 
term in matlKmatics, ^e(' commutator; com- 
mutative; commulalioii rules. ( 2 ) \ simide 
loop of wire rotating m a unidireclional mag- 
netic tu'ld has induced in it a reversing or 
alternating eurreul. ^\ lu'u the ('onditions of 
U'-age make it d('-«i]'able to have the current 
fiom the' generator m one direction in the 
e\t('nial circuit, ('ommutation ol some soH is 
i('(|inr('(l The function of a commutator is 
to clli'ct a r('\(’]>al of the cxlernal connections 
to the winding of tlu' gc'iicialoi at ihe proper 
tiiiK' to prodiK'c a din'ct euirent in the con- 
nected ('iicmt. 

A single loo]) would generate a current 
wdiich, wlien comniiitated, was pulsating in 
nature because' of tlie varying rates at which 
ihe ccaiductor. during rotation, cuts the lines 
of force of tlic magnetic circuit. The gen- 
erator is coIn])o^e(i of many siu'h loojis prop- 
erly connected at tlieir ends to Mie commu- 
tator. Idle commutator for a single loop 
would be simply a ^])lit ring wutli tlie two 
halves insiilateci not only from each other, 
but from lh(' frame and shaft of the machine 
as w’ell. In an actual practical generator hav- 
ing a multiplicity of windings, the commu- 
tator consists of a large number of segments 
of copper assembled around a hub which is 
attached to the shaft. The segments are thor- 
oughly insulated from each other, usually with 
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mica, and to them the ends of the armature 
coils arc soldered. Brushes bearinp; against 
the commutator conduct the current away 
from the generator, 

COMMUTATION RULES. If any classical 
system is i (‘presented in terms of generalized 
coordinates and momenta (jj , pi, tlie opera- 
tors r/zo ])/, in the corresponding quantized 
th(*()ry satisfy the riilc^ 

(JkPi - vm ^ ifihh 

Qkqi ~ qiQk = 0 = P/Pa - p/.p/. 

Here 8u is tlie Kronccker delta, equal to unity 
i[ k — t and to zero otherwise (Sec', liowever, 

Jordan- Wigner comniulation rules.) 

COMMUIATIVE. l)e^enl)ln^r th(‘ eombina- 
tion ol two or moie (lunntilies wlieii tli(‘ result 
is iiidejx’iKh'nt of the older in wliich llie o[jei- 
ation IS pi'rformed Thus, if {a + }>) 

(b + u) or (lb - bn, tlj(‘ Jn•()(*('^ses are com- 
mutative. operator, corniiiulative; ma- 

trix, commutative. ) 

COMMUTATOR, (1) If A and // are two 
non-commutativc ojieratois, tlieir eommu- 
tator is 

[A,B] = AB ~ BA 

According to (juantiim theory, il IIk' eomnni- 
tntor Aanislies fur two opeiatois that r(‘pie- 
sdit dynamical \arial)l(’s, tlaai the measure- 
aunt of oiK‘ ol lliese ’\aiiables does laH ini(*i- 
fM(‘ witli tliat ol the olliei (2) \ uu’cliani- 
cal d(‘vicf^ for pe'riodically cliaiuzing (In' con- 
nections to a rotating member, or for int(‘r- 
changing tlie connect loiis of two leads to an 
electric circuit (See commutation; electrical 
machinery; generator; dynamo.) 

COMMUTATOR-TITE WATTHOURME- 
TER. See watlhourineler, commutator-type. 

COMMUNAL ENTROPY. The contribution 
to tlie entropy of a system arising from the 
disorder A\heu the molecules an' sufTicicmtly 
free to change jro^itions frecjiicntly. 

COMPANDOR. (1) A tiansmission system 
in winch the signal-to-noisc ratio is improved 
by signal compression 1 fore transmission, 
and signal expansion aflei reception. (2) A 
spec^ch-rc'producin}' svotem consisting of a 
compressor of tiic volume range at tlie ro 
cording end and an expander of the volume 
range at th( leproducing end. 


COMPARATIVE LIFETIME. See lifetime, 
comparative. 

COMPARATOR. (1) An instrument for the 
accurate measurement of moderately small 
lengths or distane(‘s. The feature cemmon to 
\aijous forms is a reading microscope or tcle- 
se()])e arranged to travel along a scale, its 
axis remaining j^arallel to a fixed line. (2) 
A circuit which compares Two signals and sup- 
])lies an indication of agreement or disagree- 
nu'nt n'lus circuit is also knowm as an ^‘add- 
or-subtract” ciivuit. 

COMPARISON BRIDGE. An electric bridge 
used to deteimiiK* tlie differenet' in impedance 
betv\e(‘n two lu'arly equal and essentially 
^miliar circuit elements. 

CX)\fPASS. Any device wdiicli establishes 
direction on (he ('artlfs surface (('f com- 
pass, magnclic; gyrocompass.) 

CXIMPASS, FLUX-GATE. A c()m])a‘=s oper- 
ating on the iirmciplc of tlu' magiudic modu- 
Litor Tlirc'c cores witli appi*opi late exeifti- 
(loii and load windings ar(' arranged to b(' 
l>eilect]y balanec'd in tlu' al)s(*n(‘e oi external 
fields Tilt' magnitude and pliasi' of tlie un- 
balance \()ltage on the load windings is pro- 
jiortiiuial to ilu‘ magnitude and dirfction of 
the external fc'arth) inairnetic field, rosjiec- 
thelv A selsyn, sensitive only to phase, is 
geneially iis( d as an indicator. 

COMPASS, INDUCTION. A compass which 
d(‘t('i nunes the diiection of tlu' earthV nuig- 
nelie fn hi with the aid of a rotating coil. 
Maximum induced \()l(age in tlie eoil indi- 
ca((‘s that the rotational axis of ilie eoil is 
f)(‘rp(*ndieulcr to the inagiudic field. 

COMPASS, MAGNETIC. Anv device which 
indicates ihe direi'tion of the horizontal com- 
ponent of the eartldb mairncdie field. The 
term usually ref(’i\s to a magnetized needle 
wdiieh is free to rotate in a horizontal plane. 

COMPASS, SATURABLE-REACTOR TYPE 
See flux-gale magnetometer. 

COMPATIBILITY. The nature of a color 
television svstem wdiich permits substantially- 
nornml, monochrome reception of the trans- 
mission by tyjiical, unalb'n'd monochrome re- 
ceivers (Unsigned for standard monochrome. 

COMPENSATED WATTMETER. See watt- 
meter, compensated. 
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Compensation Theorem — Completeness 


COMPENSATION THEOREM. If u net- 
work is modified by making a (*luinp,e, aZ, in 
the impedance of one of its brandies, the 
current increment thereby pioduced at any 
point in the network is equal to the current 
tliat Mould be produced at tliat point by a 
compensating; electromotive foicc acting in 
seiies with the modified branch, whose value 
is — iAZ, where i is Ihe original current w'hich 
flowed in the modified branch 

COMPENSATOR. An airaup,(au(mt foi 
ineaMuini!; the ifiuisc diflerence hetwe('n the 
two components of elliptieally polarized lii;ht. 
This IS accomphsliefl hv introduciiu^ a known, 
opposite phase ditfeience of (^qual mairmtnde, 
whieh lediices the e\isiiiio; pliase ditfcrenct* to 
zero The most famihai foim, (Uvisid bv 







\ iruini<i( sls(t(li ()1 ( omix as »toi , 

nit'll ()l \\((m(s miK h fl lU tanp and 

sliiiipliDti; indir lie (liK < hon of ( n s| il M\( s H 

\\( d)j,( s displ Kcd 


Habinet, consists of two quait/. wedjr^s, wiln 
thin optic axes at nabf an whs to each other 
When pas^'Od throui 2 ;li tins ap]nii<itus tino a 
Nicol prism spt to (\tiu 2 ;uish lii;h( pkii.c- 
polarized at to either a\is, any ^iven 

dliptieallv polaiized li^ht produces a system 
of paiallel daik bands Tlane-iiolanzed lie.ht 
is first used (zero jihaso dithM cm e ) , tlH'U the 
elliptic light of unknown pha^^t difumice, and 
the lelativc disjdaceimad of tlie wedges neces- 
sary to restore the hainls ti) tlnar original 
position gives the phast' (hfTiTt'nce lequirod 

COMPLEMENT. In com])ut('r ti'i nuiiolocrv", 
a number whoso re]n’es(‘ntatioii is dcii\ed 
fium the finite positional notation ot another 
by one of tlie tollcmiiig rules* (a) True com- 
plement — Subtract each digit from the radix 
less 1, then add 1 to the least significant 
thgit, executing any carries rerjuirocl (b) 
(Radix--1) complement — Subtract each 

digit from the radix less 1. 

COMPLEMENTARITY PRINCIPI.E. Phys- 
ical phenomena may be described cither in 
terms of particle motions characterized by a 


momentum p and an energy K, or in terms 
of waves chararti'rized by a w’^avelength A 
and a f?e(iuencv v Th(‘ iwo desciiptions arc 
eonneeted by the O(iiiatious; 

p — /riX and E =- hv, 

where h is the Phmek constant (See also 

cle Broglie wavelength, quantum, quantum 
mechanics.) 


CO\fPI.EMENTARY FUNCTION. Tin so- 
lution to (h(^ differential equation 

(jy (ij) + a^tj = f{x) 

may be w ritten 


\\h(]( /j are the lOots of the auxiliary 
equal ion and 





Tlie fiist t(‘rm is a partieular integral wdule 
tl»(‘ se(‘on(l and thiiil teims on the light aie 
tin complementary functions. Tluy form the 
eompktc ^ohihon of the corresponding ho- 
mogeneous differential equation 


( 7 )“ + a \l) ~\ a2)if - 

The piofoduii .ind nomeuchitui e aie not Iim- 
it( d to setonfl-oidei' iquatioiis hut may bo 
('xttnded to (ho‘-(' of any older. 

COMPLEMENTARY XVWELENGTH. Set' 
w avclenglli, complementary. 

COMPLETE RADIATOR. A temperature 
radiator ol nmtoini tf inpei ature whose ra- 
diant flux in ah parts of the spf.rtrum is the 
maxiiiiuni ohtain.ahle iroin any tem])eratui(‘ 
I'cdiatoi at tlie ^ami^ tempi raturo Such a 
radiator is called a black body because it 
will ahMuh all the radiant (‘uergy that falls 
uj)on it. Till- condilion can he realized in 
till lahoi'itorv oulv hv ha\ing a hollow con- 
tainer wifli tlnek w\t 1U of high heat conduc- 
tiMty (to insure thermal (‘quihbriunri and a 
verv sma'I hole from whieh radiation may 
escape No knowm surface is truly black at 
all wavelengths 


COMPLETENESS. A set of functions Snfx) 
ib complete if an arbitrary function, /(.r), 


Complex Ion — Compound, Coordination 
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satisfying the same boundary conditions as 
the functions of the set, can be expanded as 

cr 

fir) = X) dnS^ir) 

71^1 

the Qn being constant coefrici('nts. This ocpia- 
tion is to be read as: “the sum approximates 
f(x) in the mean.” 

COMPLEX ION. See ion, complex. 

COMPLEX ION, INSTABILITY CON- 
STANT OF. See ion, instability constant of 
complex. 

COMPLEX NUMBER. See complex vari- 
able. 

COMPLEX REFRACTIVE INDEX. The 

rpiantity n' d( fined by tlie equation: 

n' = ?i(] — ik) 

v\here v' is the com[)lex refractive index, v 
is the custoiiiary refractive index and A is 
tlie absorption index. 'Fhis foini of the re- 
ira(ii\e index is (‘sp(>ciallv us('ful in the study 
of metallic reflection. (See Fresnel equations 
for metallic reflection.) 

COMPLEX TONE. Sec tone, complex. 

COMPLEX VARIABLE. A cmniili^x nuinlxu' 
has the form (a + /6j, where a, 6 are real 
numbers and V V— L If thus consists of 
a leal [lart a and a j.)ure imaginary part ib. 
in the study of complex numbers they are 
generally reganled as an orden* pair of real 
inunbei'- [a,b) subject to the following laws: 
(1) r'(|uaht 3 % (a,h) - (cA) if and only if 
(/ - c, h d, (2) addition, (a,b) + (c,(l) 

(a + r, b -|- (i) ] imihiplication, (a,b) X (e.df) 
— (ac - l)({, ad + be). (Cf. amplitude; ab- 
solute value; phase.) 

A complex number may be represented 
graphically on an Argand diagram. 

Tf r and v are two real variables, then 
=r (j* -4- iy) is a complex variable. It bc- 
e()mo> a comjilex number if .r and y are con- 
stants. 

COMPLIANCE, ACOUSTIC. The recipro- 
cal! of acoustic stiffness ^s^^e stiffness, acous- 
tic). Its dimensions an ^ This 
definition a})plio? +o single frequency quaiiti- 
ti(‘s in the steads - ate, and to systems whose 
properties are independent of the magnitude 
of these qUu "ities. 


COMPLIANCE CONSTANTS. See elastic 
constants. 

COMPONENT. (1) In its general usage, 
one of the ingredients of a mixture, or one of 
the distinct molecular or atomic species com- 
posing a mixture. In physical chemistry, one 
among the smallest number of eheiuical sub- 
stances which need (o be specified in order to 
reproduce a given chemical system. (2) The 
projection of a vector on a particular coordi- 
nate axis or along some specified direction. 
(3) For component of a tensor, see tensor, 
contravariant; tensor, covariant. 

COMPOSITE-COIL WATTMETER. See 
wattmeter, eomposite-eoil. 

COMPOSITE COLOR SIGNAL. Tlu‘ color 
})ictiire, including blanking signals and all 
synchronizing signals. 

COMPOSITE PICTURE SIGNAL. In tele- 
xision, the signal w}iit‘h resiills frmn (*ombin- 
ing n blanked picture signal with the s^c 
signal. 

COMPOSITE WAVE FILTER. See filter, 
composite wa>e. 

COMPOUND. A homogeneous, pure sub- 
stance composed of twm or more ('vsontiallv 
different chemical elemonl'-, which are ])res- 
ent in definite proportions; comj'xmnds usu- 
ally ])Oss(‘bs properties differing from those of 
the eonstitueiit elements. 

COMPOUND, COMPLEX. A compound 

wdiich is made up structurally of two or more 
compounds or ions. 

COMPOUND, COORDINATION. One of a 
number of types of complex compounds, usu- 
ally derived by addition from simpler iiuir- 
gariic substances. C'oordination compounds 
are essentially comiiounds to which atoms or 
groups have been added beyond the number 
possible on the basis of electrovalent link- 
ages or the luual covalent linkages, to which 
each of the two atoms linked donates one 
electron to form the duplet. The coordinated 
groups are linked to the atoms of the com- 
jiouiid usually by semipolar covalences, in 
which both the electrons in the bond are fur- 
nished by the linked atom of the coordinated 
group. The ammines and complex cyanides 
arc representative coordination compounds. 
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Compound, Covalent — Compound, Tracer 


COMPOUND, COVALENT. A compound 
formed by the sharing of electrons between 
atoms; as distinguished from electrovalciit 
compounds, in which tliere occurs a transfer 
of electrons. 

COMPOUND HORN. See horn, compound. 

COMPOUND, INTERMETALLIC^. A com- 
pound consisting of melallic atoms only, 
which are joined by metallic bonds. Sucli 
compounds may be made semiconducting if 
the Iw'o metals between them contribute just 
sufficient electrons to fdl the valence band, 
e.g., Ini\s. 

COMPOUND, INTERSTITIAL. A com- 
pound of a metal or metals and certain metal- 
loid (dements, in w hicdi the metalloid atoms 
oc(Mipy the int(a*stiees between the atoms of 
(lie metal lattice. CompouiKh^ of this type 
ar(\ for evample, Ta(h Ti(h Zr(\ NhC, and 
similar compounds (d’ carbon, nitrogen, boron, 
and hydrogen with metals. 

COMPOUND, IONIC. One of a class of 
compounds w!ii(di ioniz{‘ readily in acjiieoiis 
-olulion, and wliicli are loriiied wlien atoms 
c()ml)itie to j)r()du(‘e ]nolecu](‘s having stable 
coidigui’atioiis by tlu' tran^l‘er of one or more 
(dt'cti’ons witliin the molecailo. T* t\p(' ()f 
comhination is illustrated by the combination 
(u* sodium atoms and eddorine atoms to form 
-odium chloride. The sodium atom loses tee 
single electron in its outer shell, and tlms is 
left with th(' slahh' configuration of eight eloe- 
trejns; the chlorine atom avcpiire^ an elect mn 
to increase th(' number (')f electrons in its outer 
^hcll from sc'ven to eiglit; as a result of the 
loss and gain of tlic electrons, the atoms Inn** 
a(*(iiured positive and negati\e charges, re- 
sf)ectivoly, which constitute an electrov.'ilent 
bond, tliat is disrupt(‘d in water and other 
I'fdar solvc'nts to yi(dd sodium and chloride 
ions. 

COMPOUND, MOLECULAR. A com- 
pound formed by the union of (w'o or num* 
already saturated molecules apparently in de- 
fiance of the laws of valence. The class in- 
cludes double sails, salts with water of crys- 
tallization, and metal ammonium derivatives. 
These salts are usually formed by van der 
WaaFs attraction between the constituent 
molecules. Tlicy do not differ in any charac- 
teristic manner from compounds formed in 


strict accordance with the concept of valence. 
They are also called addition compounds. 

COMPOUND, NONPOLAR. A compound 

in which the centers of i)ositivo and negative 
charge almost coincide so tliat no permanent 
dipole moments an* produced. The term 
nonpolar also iipi)lies to comj)onnds in whicli 
the elTc'ct of o])i)()^itely dire(*le(| dijude mo- 
ments cancel. Xonp».iar C(mjpounds may 
contain polar bonds, if tlu'ir effect is can- 
C(‘]i‘d by o]>posing bonds, a'-^ may occur in a 
p(‘rf(‘ctly syiunH'trica] molecule. N(m]')olar 
compounds do not ionize or conduct elec- 
t licit y. Most organic comjmunds are to be 
classes] as n(>n})olar comjionnds. 

COMPOUND NUCLEUS. Pee nucleus, 
compound. 

COMPOUND, POLAR. In general, a com- 
pound that (‘xhihits polarity, or local differ- 
cnc('s in el(^(‘trical properties, and has a di- 
pole moment nssoeiated wuili one rnon'* of its 
interatomic valence bonds. Polar compounds 
have relatively high dielectric constants, as- 
sociate r(*adily in most cage's, and inehide the 
suh^taiKc's that exhibit lautomerism. In the 
most gein'ral use of the term, polar compounds 
include all electrolytes, mo^^t inorganic sub- 
stance*^, and many cwituiu* ones. Sjx'cifioally, 
tlu* U‘rm polar eom])onn(] i^ frerpnmlly ap- 
plied to the ('xtreme lyju* ol polariiy wdiich 
arises in the iirescncc' of an eU^.ct rovalent bond 
or, in wave-mechanical terms, to cases in 
which one ionii* term dominate^ in the orbital 
function of the moh'cule. Such < ompounds 
•ire (‘xenuilified by the inorganic aciil*^, bases, 
ail*! salts wliich j)os^ess, to a gi eater or lesser 
degree, the povc'r to conduct electricity, asso- 
ciate, form double inolecuh's and (‘omplex 
ions, etc. 

COMPOUND, SATURATED. A compound 

in w'hich tin* valence of all the atoms is com- 
jiU'tc'j}' satisfied without linking any two 
atoms by more tlian one valence bond. 

COMPOUND, TRACER. A compound which 
by its (‘asc of detection enables a reaction or 
})rocess to be studied conveniently. W\ le use 
has been made of isotopes, including radio- 
active isotojics of common elemtnils, which 
arc added in small quantities, in the fonn of 
the proper compound, to follow the course of 
an atom or a compound through a compli- 




Compressibility — Compton Absorption 


166 


catod sorioR of reactions; or conversely to cU> 
temiine the properties of a tracer — ^tihat is 
available only in quantities too siiiall to han- 
dle alone — ])y juldin^ it to a system contain- 
ing chemically related olemenls, and then fol- 
lowing its course throughout a given serievs of 
reactions, ('(ai^iderable use of tracer com- 
pounds is inad(‘ in the study of ])hysiological 
reactions. 

COMPRESSIBILITY, llelative change of 
volume per unit of pressure, —dV/YdF, In 
other words, the couijn'c's^ibdity is tlie recip- 
rocal of tlic bulk modulus. 

COMPRESSIBILITY FACTOR. 1)( fmed as 
pV/Rl\ where p is tlu‘ j)ressuie, 1' the vol- 
iinu', 7? the gas const aid, and T llu' absolute 
t(*ini)('raturc. It has tlie vahu' 1 for an ideal 
gas, but may be gr<‘ater or less (lum 1 for real 
gases. 

COMPRESSION. (1) In irenoral usage, coni- 
[iression is descriptive of th(' fh'crt'a^e of vol- 
ume of a compressible substance (solid, licpiid 
or gaseous) dm* to the apjilication of i»ressuro. 
The common c\anj])le of comjirc'ssjon is found 
in cylirid( rs filled with gas being (■omim“-sed 
by the motion of a pi'-ton moving in the cylin- 
der. Tlie pressure increase r(‘(iuired for any 
given reduction of volume of a gas depends 
upon the particular condition siirroimding the 
act of comjires^ion ; for e\am]»U‘. if the cylin- 
der is thoroughly insulated against heat trans- 
mission, tlu* com[)ression will bo of a type 
kiunvn as adiabatic, and the temperature of 
the gas will nse during compression because 
the meclianical work exjiended on the piston 
in obtaining the compression is converted into 
lieat energy in the gas. On the other hand, 
if the cylinder is a good con<luctor of heat, 
and passes heat to tlie atmosphere as rapidly 
as it IS leceived by the gas, the temperature 
at the end of compression may be the same as 
that at the Ix'ginnmg. In this isothermal 
compres.sion the jiressiirc at the end of com- 
pression is less than that of an equivalent 
adiabatic comjiression. In general, actual 
compressions arc neither strictly adiabatic 
nor isotliennal. (2) In structural engineer- 
ing compn'ssion is used t< ^lenotc the type of 
stress which cau^e^ the ffoers of a member to 
Bhoiien. (3) Ti» i ^'ctronics, the ratio of the 
small-signal }>uvver gain g^^ of a device to tlie 
pow'er gain ^ i at some higher power level. 


Expressed in decibels: 

9o 

Compression = 101ogio“* 

Oi 

(See compressor.) (4) In television, the re- 
duction in gain at one level of a picture signal 
witli respect to the gam at another level of 
the same sianal. (S(*e also black compression 
and white compression.) The gain referred 
to in the (lefinitioii is for a signal amplitude 
miimII in coinjiarison with the total jieak-to- 
])(‘ak, picture signal involerj. A quantitative 
evaluation of this effect can bo obtained by 
a measurement of differential gain. 

COMPRESSION, MODULUS OF. See bulk 
modulus. 

COMPRESSION RATIO. See ratio of ex- 
pansion. 

COMPRESSIONAL WAVE. See wave, corn- 
pressional. 

COMPRESSOR, VOI.UME. In amplitude 
modulation systciu.s of radio cornmimiearton 
tin* amount of iii(('lhg(‘nee volume which can 
b(* modulated njion tin* carrier is limited t'> 
an amount winch will give IDOS' m(»dulation 
Sin<*e the ])eret*ntage of modidation (h'jK'inN 
dir(*ctly n])()ii the volume of the , sound, it 
follows that, ill ord('r not to oxeec'd the allow^- 
able modulation on very loud sounds, the j)(‘r- 
ccntag(' on most sounds wdll be rather low. 
Since the inaximutn use is made of the power 
and a liigher signal to noise ratio is obtained 
for high degrees of luodulalion, it is very de- 
sirabh' to keep the level of modulation as high 
as possible. To do this the volume range of 
the original sound is com])ress(*d into a much 
smaller rang(*. Thus, wdiile a synipliony or- 
chestra may have a voliiim* range of 100-110 
db, the range is compressed to about 40 db 
for broadcast purposes. In recordings the 
iriaxinium volume wdiich may be recorded is 
limited by the thickness of the groove walls 
so the voluiiK* range is reduced here also. An 
expander may bi* used in the reiiroducing sys- 
t(*ni of the radio circuit or the phonograph 
to restore the original range. (See amplifier, 
volume-limiting. ) 

COMPTON ABSORPTION. The absorption 
of an x-ray or y-ray photon in the Compton 
effect. Part of the energy of the photon is 
al)sorbed, and part appears as a photon of 
lower energy. 
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Compton Effect — Concentration Cell, Electrode 


COMPTON EFFECT. Elastic scattering 
(see scattering, elastic) of photons hy elec- 
trons. Because the total energy and total 
Tuomentum are conserved in the collisions, the 
wavelength of the scattered radiation undc^r- 
goes a change that depends in amount, on the 
scattering angle. If the s(‘attering eleciron 
is assumed to be at rest initially, Uk* Comp- 
ton shift is given l>y the following equation: 

— X ~ Xo(i — eos - (h/m,c)(^ — eos^). 

where A' is the wavelength associa((‘d with the 
scaderecl ]>hotons, A i-^ tlie wav('lengt[\ asso- 
ciated with the incident pholons, Ao is the 
Compton wavelength of i]i(‘ elech’on and 0 is 
the angle ])etweeii the paths of inehh'ut and 
scatt(Ted pliotons. 

CROMPTON METEB. An ioiii/ation cham- 

her (‘Specially useful fo]' co^Jiiie i*ay mea^ma*- 
imaitN. It is of (lic‘ comi)(‘nsaiing lyp(\ using 
a ])alMHM‘ cluimbcr \Mth a uranium source 
Avhicli is ad.ius((‘(l iintjl it bal.inec's out the 
normal c()Mm(' radiation Vaj’iatinn^ in tliis 
radiation are slnnvn on the eolh'etmg svsttau, 
^\liicli is eonnecled to an electrometer. 

COMPTON RECOIL ET.ECTKON. An 

('h'fdron s('t in motion bv intc'ract ion witli a 
photon in the Compton effect. 

COXfPTON RECOIL PARTICLE. A par- 

tick' uhi('lj gains its mona'idum hy a sctuter- 
ing process sijoilar to ilu' Compton effect. 

COMPTON RULE. An cmi)i!ical r(‘Ialion- 
ship b('t\\e('n tlu'rmal ])roperries <if elements, 
of tlie form: 

(At. Wt.)(L/) __ 

Tf 

in wlucb At. \A t. is the atomic weiglit, Lf us 
file heat of fusion, and T; is tlie fusing point 
(in (](‘grees alisolute). 

COMPTON SCATTERING. vSee Compton 
effect. 

COMPTON SCATTERING, DOUBLE. See 
double Compton scattering. 

COMPTON SHIFT. Piseussed under Comp- 
ton effect. 

COMPTON-SIMON EXPERIMENT. Fun- 
<lamental exi)eriment demonstrating the (quan- 
tum nature of x-rays by scattering them by 
electrons in a Wilson cloud chamber and ob- 


sorving tliat tlie energy and momentum bal- 
ance corr(‘S])onds to an energy hv, momentum 
hv/c jier quantum, where h is the Planck con- 
stant, and V is the frequency. 

COMPTON WAVELENGTH. A wavelength 
eharacb'hst ie of a ])aiticle of rest mass vioj 
and evaluated by the relationship: 

Xo ~ A/ ni()C 

whe're Xo is the (A)mpton wavelengili, h is Iho 
Planek constant, nio is rest mass of tlie particle 
and ( is (he velocity of light. (See also Comp- 
ton effect.) 

COMPUTER. A d(‘vic(‘ wliicli can accept in- 
forjualion and supply infoi'ination, and in 
\\hich the supi)b*‘d nut|>ut iniormation is de- 
lived from tlu' acei'pted input inform.ation by 
iiK^aiis of a pr()(‘e>^ of lome, i (*., any .systematic 
liroeess or derivation wliieli is demonstrably 
lre(‘ froin -(']l-eonli*adiction. 

C:ONCAVE GRATING. An optiiail grating 
ruled on a vnnvt\\\\ splierical rellefting sur- 
face, which not only acts as a grating but 
s(‘rves also to Pxais the image of the slit with- 
out till' Use of a lem\ 

CONCENTRATION. Eiihor the process of 
increasing the fpiantity of a '•ntisl anei' or form 
of eiuTgy or other entity that exists m a vol- 
ume of '^j)aee, as in mereasing by evaporation 
(Ih' amoimt of solute contained in unit volume 
ill a solution, or as in gathering h('a(, light, 
('leciricit y, or other energy or forn, of energy; 
or the (luaiiiily itself uf matter or orhei entity 
iha^ exi.sis in a unit vt'Iuine, as the strength 
of a M)Ju(ion in mass of .-.ohit<' per unit mass 
of .solution, or in tlie number of moles, hydro- 
gen ions, (-tc., contained ])er unit volume or 
IH'r unit ma.-s. 

CONCENTRATION, A BSOITTl E. The 

quantity of a siihstance, or form of energy or 
other entity +hat exi&ts in a unit volume, ex- 
pressed in mass per unit volume (ergs per 
cubic centimeter), or number of particles (as 
of atoms, hydrr)gen-ion.s, etc.) per unit vol- 
ume. 

CONCENTRATION CELL. Sec cell, con- 
centration. 

CONCENTRATION CELL, ELECTRODE. 
See cell, electrode concentration. 


Concentration, Critical — Condenser, Electric 
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CONCENTRATION, CRITICAL. Whrn 

two li(iui(N an* iK'alcd in conlact 

with each otluT tlicir mutual v()Jul)ili1y is usu- 
ally incrcas('d until, at the critical solution 
point, thc}^ hccoino consolute. Tlie compo- 
sition of tlic two -«o]utions immediately before 
they become consolute* is termed the critical 
concentration. 

CONCENTRATION, IONIC. The number 
of gram-ions tealeulated from tlio atomic 
weight of the substance or substance's compos- 
ing the ion) eoniainod in unit vohnne of solu- 
tion. 

CONCENTRATION POLARIZATION. Se e 
polarization, cemcent ration. 

CONCENTRIC LINE. AimtluM* name for 
coaxial line. 

CONCENTRIC IJNE OSCILLATOR. See 
oscillator, coaxial line. 

CONCURRENT FORCES. See statics, also 
forces, concurrent. 

CONDENS \TION. (1) Change from gas- 
eous feir vapor) state to liejuid ''tale. (2^ In 
general, incr('as(^ in deai^ity. (,S) The leieal 
increase in density m a sound wave, as eon- 
trasted with rarefaction: (juantitatively, 

P — Po 

,s — - - f 

Po 

where s is the condensation, p the local in- 
stant aneous den^'ily, tlie constant mean 
density at an i)oint. (1) Aeciiinulation of 
electric charge, as of ehctroiis m a condenser 
(see capacitor, electric) . (5) Convergence of 

light, or formation of a beam of pai’allel light 
rays, ((i) In clieniistry, ^ arioiis eombination 
reactions of molecules to form larger mole- 
cules. 

CONDENSATION, COEFFICIENT OF. It 

can be shown irom kinetic theoiy tliat for a 
solid or licpiid in eciuilibrium with its vapor 
at pressure and temperature T, the mass of 
vapor mole(*ules striking (and therefore also 
leaving) unit area per second is 

M = p\^[/2tRT 

where M is the inulecular weight of the vapor, 
and R the gas constant. If it can be assumed 
that every molecule striking the surface is con- 


densed, this cxpr(‘ssi()n will also give the* rule 
of loss of Aveight of the solid or li(|nid at tem- 
perature T in a vaeiiuni. If tin* assumption is 
not justified, the rate of loss of Avoight can be 
written 

n = apVM/2wI}T 

the constant tn being known as the eoeffieicuit 
of eondensation. Experiments appear to shoAv 
that this may be considerably less than unity 
in some eases. 

CONDENSATION IN THE ATMOSPHERE. 
Clouds and preeijiitation an* visible cAudenei' 
that Avatt*r A^ajmr in the ahnos])here coruhaises 
into litpiid and -^olid water. Moisture in cloud 
form may be re-c'vai)orated into the air, bin 
rain, snow, aiul allied lorins of preei[)ilal ion 
actively lesscui the total A\ater conlenl This 
inoisluie l()ss by pr(‘cipi( at ion, considering tlie 
world at laigc*, i'' r('plac('(l by e(|ui\alent e\'ap- 
oralion of moNtini* into the at mosplKue 

Niiel(*i niion which coiiden'>ation can taki* 
jilace are a})soliit('l y ne(*t*'"'arv \oii lon^/i d 
and [)()lhit ion-fre(' aii will Ixm ome up to lt)0C' 
sup(‘rsalurated before con<lensat ion oceuis 
On th(‘ other hand, clouds soinetiim*^ form 
before air hc^oiuf's lOOC' saturate(l N'uch*i 
U[)on which condensation begins at the ap- 
lu-oaOi toAAanl saturation are liigiilv liyiiro- 
scopic and encourage condensation Minnti* 
salt cryst.als, ])rmiaii!y sodium, magnesium 
and calcium cliloride.' , carhonat L", and ''iil- 
fates, smoke jiarticles, and ions seivi* as eon- 
(hmsation nii(‘lei. I.OAviu’ing of the ti'inpi-ra- 
tiir(‘ of air Ixdow its dew point, or aflding 
w'ater vapor beyond the bolding ca]>acity of 
the air, is a ^('cond retniin'ment for the forma- 
tion of elcuds. 

CONDENSED - MERCURY TExMPERA- 
TURE (OF A MERCURY-VAPOR TUBE). 

By definition, the temperature measured on 
the outside of the tube cnA^elojic in the region 
wdiorc the nu'icury is eond(*iising in a glass 
tiilie, or at a designated point on a metal tube. 

CONDENSED SYSTEM. A substance or 
mixture of substances in the liquid or solid 
state. The term has also been applied to the 
condensation into a state of zero momentum 
of the particles in a ideal gas obeying Bose- 
Einstein statistics. 

CONDENSER, ELECTRIC. Sec capacitor, 
electric. 
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CONDENSER FORMULAS. See capacitor 
formulas. 

CONDENSER LOUDSPEAKER. See loud- 
speaker, electrostatic. 

CONDENSER MICROPHONE. See micro- 
phone, electrostatic. 

CONDENSER MODULATOR. Et>sentially 
a capacitor iiiicioplioiie (‘^ee microphone, 
capacitor) wliicli is din’cMi l)y some foriri of 
elect roTneclianical or clectroacoiisiic trans- 
ducer. 'J’lie resulting change in capacitance 
IS ii^ed as a Aanahle iin}K'dance element m the 
modulated stage. 

CONDENSER PT.ATE. A capacitor elec- 
ti oile. 

CONDENSER RASTER (CONDENSER 
lONIZVTJON CHAMBER). Toni/alion ni- 
si nimtail foi me aiming \- or 7-1 a>s, consi'^l- 
ue; oi an eleclromeler nnd a d(‘l aidiahlo ioni- 
zation chamber, (‘iiilxxlMni!; a condenser of 
suilahh' ( .i}).ieit anci' Has can lie attaidied 
to the (](clrom(Ur and tli(‘ fMilire system 
eh.irged \{ tlun deiached fioin the eke- 
tiomeier, ( \])osed to the ladialion and re- 
tnrrKxl to the ekxdiomehT foi K'ading the de- 
<uase m diaii^e The ins( 1 nnuait can he e.di- 
hiahxl to lead diu'ctlv in roentgens at the 
])osih()n of tli(‘ ('(Mitir of IIk' ehamlx'r oicn* a 
eonsidc lahle range' of photon I'lK'rgios, pro- 
u<l(d till lom/ation eliamher is smtahly (*on- 
sti lick'd. 

CONDUCTANCE. TIu' real iiart of admit- 
tance. Fn a non-K'iictne element, the rceip- 
local of the r('sic;tance 

CONDUCTANCE, EQUIVALENT. The 

('loftru'al conductance of a solution \\hich 
eontains one < 2 ram-e(|uival('nt weiaht of solute 
at a .s|)ecified eoneentiation, measured wh(‘n 
placed between t\i(; electrodes iihicli are 1 cm 
apart . 

CONDUCTANCE FOR RECTIFICATION. 

The (]U()tient of the electrode alternating cur- 
rent of low frequency by the in-phase com- 
ponent ol the electrode alternating voltage of 
low frequency, a high-frcfiucncy sinusoidal 
vohago being a])])lii'd to the same or another 
electrode and all other elc'ctrode voltages be- 
ing maintained constant 

CONDUCTANCE, INPUT OR CATHODE- 
GRID. Sec transit time; transit angle. 


conductance:, ionic. The amount 

contributed by each characteristic ion to tire 
total equivalent conductance in infinite dilu- 
tion Thus, in the mathematical e.xpreasion 
of the law of independent migration of ion&: 

A() = X4. + X_ 

in Mhich A 1 and A_ aic the ionic conductances 
of cation and amon, 1 spectivcly, and A is 
the total e(iunaleiit cunduelance (see con- 
ductance, equivalent) i)f the eleetrolyte. 

CONDUCTANCE MOLAR. The eleetiical 
eonductanee of a solution which contains one 
mole of solute at a siiecified (a-nceiitration, 
measured when jdaced bc'twi'cn electrodes 
wh>ch aie one ceutimi'ter apan 

CONDUCTANCE OF ELECTROLYTE. 
The conductance fohm M and conductivity 
I ohm Mm M aic di'fmed for electrolytes as 
tor any conductor. In addition for electro- 
h((*s, mueh use is made fd ilu* ‘‘('fjui\'alent 
eoiiduetancc” , (his is the product of conduc- 
tnitv and tlu' A'()lume (in em'k containing 1 
giam-e(|iiival('nt of electrol^de. 

CONDUCTANCE OF ET.ECTROLYTE, 
MEASUREMENT OF. To avoid errors in- 
iroduci'd by polarization at the elec'frode, the 
conductance ol electrolytes is nieasuied with 
low -\ ultng(' cilteinatiTig cuirent iu a bridge. 

CONDITCTANCE RATIO, 'riu' ratio of the 
eijunah'iit conductance of ^1 gi\eri ionic (el(*c- 
(rolylic) solution (o its c(|ui^aleiit conduct- 
ance at infinite dilution 

CONDUCTANCE, SPECIFIC. S( e conduc- 
tivity., electrical. 

CONDUCTION, fix t lansmissitm of energy 
(heat, sound, < leetricity) by means of a me- 
dium without movenunt of the uK'dium itself, 
as dishnguisluxl I join convection, in wdiich 
such movement occurs, or from radiation in 
which the energy quanta jiass through the 
medium and so the transmission does not 
occur hy means of the medium. (See con- 
duction, electric; thermal conduction.) 

CONDUCTION BAND. According to the 
band theory of solids, a partially-filled energy 
liaiid in which the electrons can move freely, 
allowing tlie material to cany an electric cur- 
rent. Such a band could then be called a 
conduction band, but the term is usually re- 
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sirictecl to the cnise of semiconductors and 
insulators, v^]u‘tv the coiHhictioii band is nor- 
mally empty, and is so])arat('d by an energy- 
gap from the full banris below it. 

CONDUCTION CURRENT. See current, 
electric. 

CONDUCTION, ELECTRIC. Tlie eonduc- 
tion of eleetrieity in material Mib^tanec's i^ of 
two geri(‘ial kinds. (DA migration of ionized 
land benee eleetriti(‘d ) atoms or raoleeiiles, as 
discussed Jii this book under ionized gases and 
electrolytes. (2) A process in which tlie 
atoms are in tlie juain stationary, as in metals. 

'flic electric (‘onductivily of solids lias an 
almo-t an]>clie\ able range. For silviT and 
sulfur (tlie b(‘sl and tlie jiooj’est among (dt'- 
ments), tlie ratio is sometliing like 1000 
liillions of liilhons to 1. d'lieir resistivity is, 
of course, in tlu* inverse* ratio. (S(‘e resist- 
ance.) M(dals, as a class, aside from being 
almost inmK’aMii al)lv bettc‘r conductors, differ 
in s(‘\ei‘al respi'ct'. in tliedr conduction from 
non-metals. For cvainjile, the eonduetivily of 
pure nielaN (’(msisleni ly decreases with rising 
teinperatui e, while I Ik* non-metallic solids, in- 
cluding carbon, generally liave maximum con- 
riuetivity at one or more tcmiieratures SeU*- 
nuim has mo^t extraordinary properti(‘s (see 
photoconductivily ) . Some jnel;ils exhibit 
superconductivity near the absolute zero of 
temperature. Tlu* allowing of metals, and 
even the admixture oi small (jiiantities ol im- 
purities, often }>rofomidly afb'ets the conduc- 
ti\ity. Thus ^‘constantan,’' an alloy of eoiiper 
and nickel, ^h(A^s almost no change* of con- 
dnctuity with teiri[)eratnre. The Wiedc- 
inaiin-Eraiiz law expresses tlie remarkable r(*- 
lation which cxisD betw’cen the electric and 
I Ik* tlieiiiKil conduct ivitic's of nu'tals. The 
\aiinu^ thermoelectric phenomena, ther- 
mionic phenomena, the Hall effect, etc., must 
also lx* taken into account by any llu'ory of 
metallic eorifluction. (See also semicon- 
ductor. ) 

CONDUCTION, IONIC, IN SOLIDS. Since 
th(‘ ions of an ionic crystal may diffuse 
tliroiigli tia* lattice, n small electrical coii- 
du(‘tJ^ity js f)()ssib]e ev i* tluaigli the mate- 
rial should otherwise lie n ulaling. Tin* proe- 
('ss IS \(‘ry sensn ve to temperature (see mo- 
bility of ions in solids), and at low^ tempera- 
tures is abo strongly dependent on the struc- 
ture and piifity of the material. 


CONDUCTION, METALLIC. The conduc- 
tion of electricity through solids wholly (or 
almost so) by the migration of electrons. 

CONDUCTION, THERMAL. The processes 
of heat trans])ort through a substance, ex- 
cluding heat transfer due to mass flow' in the 
sulxstance. Tlie heat flowing })(*r unit time 
through a sam]>le wdth erosN-section A and 
lengih / under a temperature differem'O aT 
is giv(*n as Q = KAaT/L, wlu're K is a mate- 
rial cniistant (*alled the (^hermal (‘ouductivity 
of tlie sul)*'tanee. More generally, Q^A — 
—KdT/dlf w'herc llie negali\(' sign indicates 
that 11k* heat flow is in the oppo'^ite direction 
to the fenipcraiure gradient, dT/dl. 

CONDUCTIVITY, ACOUSTIC, d lie nitio of 
the vnhniK* (‘urK'iit through an orifice to tlu* 
diflereiice in velocity potential belwaen the 
two side's of the orifice. Its diinensions ai-e 
tho^'O of cm. 


CONDUCTIVITY, ELECTRICAI. Tin* < (in- 
ductance* of a ^*e>ritiniet('r cube, me'i-ure'cl in 
mhos /cm It is given by (lie ratio of current 
density J to ajiiilied electric field E; 


.1 = crE. 


According lo tlu* free electron theory of 
metals, (he eondiu'tiv ity of elei'trons in a 
j)e*ifect lull ice should be* infuiite. This is also 
I rue*, in the band theory of solids, for an iin- 
filk'd e'h'elionie b.ind. JIowi'Aer, Ihe lailiee* 
ahva>s contains imperfections and impurities, 
and Ls always in a *-lal(‘ of agitation by 
thennal vibiations, which scatter the coiidue- 
tieiii ('h'ctrons. In a general way, one may 
write* 


a 


y/ 2m Kr 


A(Ak) 


Avh(*rc fj is tlie elc'chical conduct i\ ity, e and m 
the* charge and mass of an electron, N the 
nuinl)e*r ol fn*e electrons, Ey the Fermi energy, 
and A(Ey) the mean free path ot an electron 
at the Fermi eni'rgy. The de*nsity of tlierrnal 
vibrations, at high t('m])era(ures, is propor- 
tional to the absidule lemperature, so tliat 
the* mean free jiath, and hence the conductivity 
varie‘s as ^/T. At low^ te'inperatures the Iheory 
is (•()ini)licatt*d, but the eondu(*livity then 
vari(*s as /T'\ until it is limited by the 
residual resistance due to imperfections and 
im])uritics, for wdiich the mean free path is 
nearly independent of temperature. ‘ . 
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CONDUCTIVITY APPARATUS. An appa- 
ratus for (IctiTUiininK the conductivity of a 
litpiid or solution. It consi.sts of a conduc- 
tivity cell, with all the accessory equipment 
lor measuring resistance, and for measuring 
and controlling temperature. 

CONDUCTIVITY CELL. A cell for deter- 
mining the conductivity of a solution (or fused 
solid), consisting of a chamber containing two 
clectrode.s. 

CONDUCTIVITY MODULATION (OF A 
SEMICONDUCTOR). The \ariiilion of the 
conductivity of a .semiconductor by variation 
of the charge carrier deiiMty. 

CONDUCTIVITY, N-TYPE. The conductiv- 
ity associated with conduction electrons in 
a semiconductor. 

CONDITCTIVITY, P-TYPE. Conductisily 

in which the ciiricnt appear- to he carried hv 
])Ositivc charges, a- hy holes in an impurity 
semiconductor. I Sec* semiconductor, impur- 
ity.) 

CONDUCTOR. A material which, when 
placed between terminals having a diifcrcncc 
ol electrical potential, will readily i>ctmi1 the 
passa<gc of an electric cuncril is an electrical 
com hid or. I >ifler( iit mat( rials have dilTcrent 
d(‘gr<*es of (‘onduetiA it y, ,ind their elf(‘cti\(*- 
ness in tins u'siieet is eompiiled as the con- 
ductivity. (Sec also semiconductor.) 

CONDUCTOR, FORCE ON. ^ec force on 
conductor. 

CONE. (Da .solid formeil 1)V a do-eil con- 
ical surface and a plane, called the h.ase of 
the cone, cutting the surlaci' m a closed eurve 
Depending on the* .surfaces from whieh tlu'V 
are formed, cones are dc.srrihed as square, 
rectangular, elliptical, ciirular, etc, thc.se 
torm.s (h'signatiiig the .section obtained hy a 
plane thr()u,gli the cone, parallel t<^ its ha.,e. 

The names cone and conical surface are fre- 
quently used interchnngeahly hut it i« proper 
to distinguish between them for one is a solid 
and the other is a surface. (2) A receiitor 
cell in the retina of the eye. Cones respond 
only to fairly high level of illumination, but 
distinguish between colors. (See rod.) 

CONE OF NULLS. A oonieal surface 
formed by directions of negligible radiation. 

CONE OF SILENCE. See radio range. 


CONFIGURATION, ATOMIC. The ar- 

ranf>enu'nt in hpare of tlu; atoms of a niole- 

CONFIGURATION, ELECTRONIC. An 

assitrnment of electrons^ to various states or 
orbitals in a moluuulo or erystal. 

CONFIGURATION, INTERACTION. Cal- 
nilations of bond oncr[»" of nioleciilos depend 
on a.sMiminj; Oiat llio clcctron^^ arc to be found 
in (‘(‘liain orbitals, b.r wbieli approximate 
ionns must ho .'issiimcd. To improve the 
calculation it is necessary to consider the ad- 
mixture into tlie wave function of functions 
corn spondin^ to other eh'ctronie eonfif^ira- 
tioTis, su])posc(-I to ie[)resent ('veiled states of 
the* molecule. 

CONFIGURATIONAL ELASTICITY OF A 
IJQUID. r he coinjire^Mbilit V of a laiuid dc- 
[xnds m part on re^i^tan((‘ to compri'ssion 
ouine; to the' tlarmal agitation of tlu* mole- 
cul(N and in pari on disturbance of the short 
r.aii^^e order. The eontiibution from the lat- 
t(T is the configurational elasticity. 

CONFLUENCE. Tlu' ineroinp, of sinjuulari- 
ties of a (iilTenailial rTpiation upon variation 
of iIh' )iar‘im(‘ters of tlu^ (‘quation. The con- 
fluent hype rgeomclric equation is 

4- (e - x)}/ - a// = 0 

and ib so-called because it is obtained from 
the hyperf^coniclric equation by confliU‘nce of 
the singularilics at a* 1 and .r — oo. Special 
cas('^ of it an' the difi’e iT'iitial equations of 

ITcniiile, Weber, and Whittaker. 

CONFORMABLE. S(‘e matrix, conformable. 

CONFORM \L. A tran'^fol•m^ltion of a coin- 
])le\ luiiction by the transfonn F, u* F{z) 
is conformal vN}iere\er F is analytic. An in- 
finitesimal ficiure in tlie 2:-])lane is mapped 
into a {-imilar infinitesimal figure in the 
7y'-phHie. An altei-natc statement is that two 
intcTsectine curves in the ’-plane are mapped 
into two curves in the ?/’-planc with the same 
anj;^le of intfu’section. 

CONFORMAL WIRE GRATING. A wave 
filter made of wires hent to eonfonn to the 
lines of electric field tliat are characteristic of 
the wave that is to be reflected. 

CONGRUENT MELTING POINT. A point 
on a phase diagram where a solid compound 
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of two components inolis to a liquid of tJie 
same composition. 

CONIC. A conic section. 

CONIC, CENTRAL. A conic section which 
i,s symmetric about a finite pciint on the plane 
of tli(' curxe. If tlii^ point, called the center, 
is at tlj(' ()rij;in of the coordinate' system the 
equation contains no terms of the first decree 
in .r and y. ^flie eentral cmiics are the hyper- 
bola, ihe ellipse, and a special case of the 
latter, the circle. The parabola is a non- 
central conic since its center is at infinity. 

CONIC, CONFOCAL. A system of two 
conics havin” the saiiU‘ fori. Its equation in 
standard form is 

.r“ 

+ ^ 1 

A — q H — q 

where A > B and q is a vai'iahle parameter. 
If <7 is less than l> or neoalive, both ([('nom- 
inators are ])o.-itive and the rosiiltinji; eur^(\s 
are ellipses; if A > q >7:t, the curves are 
hyperbolas; if r/ < A, the curves are imag- 
inary. 

The two families of conies have the same 
fo(U, for tlu' distance from the ecnt(T to a 
focus is \/( A — (/)—(/? — (/) - \/A — />h in 
both cases. Througli ev('ry iioint in the ])iane 
two curv(\s intersc'ct and the curves are mutu- 
ally perjiendicular at that })oiiit. "Idius if the 
point of intersection is described by the two 
real roots of the (piadratie equation in q, 
these numbers locate the point in a two-di- 
imsisional curvilinear coordinate .system, often 
called elliptical coordinates. 

A deg('nerate case is a system of two fam- 
ilies of parabolas, oi)ening in ojipositc* direc- 
tions. Since ilu* curvf''^ ai’c mutually perpen- 
dicular, they also may he us('(l as a curvilirmar 
coordinate system in two dimensions. The 
name parabolic coordinates is used for this 
system as w(*ll as for tlie three-dimensicmal 
case o))tamcd by revolving tlic parabolas 
about their common axis. 

CONIC, DEGENERATE. ( )nc of the limit- 
ing forms of a conic section; one or two 
straight lines or a point, is rejirescnted by 
a quadratic equation iii tr^^o variables if the 
discriminant of equation vanishes. 

CONIC SECTION. A curve described in 
Cartesian < . rdinates, usually but not neces- 


sarily rectangular coordinates, by an algebraic 
equation of the second degree in two variables 

Ax" + Bxy + Cy" + Dx + By -f- F - 0. 

The shape of the curve is determined liy the 
values assigiu'd to the constants A, J5, •• •, F 
and relations assigned to them. The ])ossi- 
hilili(‘s are: ellipse, hyperbola, parabola, de- 
generate conic, (See* quadratic equation in 
tw'O variables.) 

A cOTiic sec'tion may also he dc'fnu'd as the 
locus of a point wliicli moves so tliat its dis- 
tance from a fixed })oint, the focus, is in a con- 
stant ratio, tlio eccentricity, to its distance 
from a fixed straight line. tlu‘ directrix. Each 
ciirv(' is olilaincd by a cufting plane through 
a right circular conical surface. 

CONICAL COORDINATE. A d(g(ii(rate 
>ys(cm of curvilinear coordinates obtaiiud 
from an ellipsoidal systtan. Tlic sinf;ic(‘s arc': 
sphcivs with c{'nt(M- at tli(‘ origin of a rec- 
tangular .systcaii and radii u in - const ) ; two 
s(ts of cones with ajX'XC'- at tiie origin, pnc' 
along the Z-a\is and tl)(' other along tb(‘ 
A'-axis (/’, ir - const.). Conical coordinate'^ 
are relati'd to rectangular cooidiuati"^ by tlu* 
(‘quations 

o o o 

^ l)'(h“ — c~) 

.2 = 

,. 2(^2 - 

where c~ > v'^ > b~ > w^. 

CONICAL HORN. See horn, conical. 

CONICAL REFRACTION. A narrow ray 
entering propt'rly into a biaxial crystal may 
be propagated as a cone wilhin the cr 3 ’'stal 
(int(*nial conical refraction). A convergent 
beam of light focused on a pinhole in a screem 
covering one face of a biaxial ciystal may 
leave a pinhole in a screen on the oi)})ositc 
face as a cone (external conical refraction). 

CONICAL SCANNING. See scanning, con- 
ical. 

CONICAL SURFACE. A surface generated 
l)y a moving line intersecting a fixed curve 
and passing through a fixed point. The line 
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tlic generatrix; tlie curve is the directrix; 
ibc point h the vertex. Its general ecinalion, 
if Die vertex taken at llie origin of a 
Cartesian coordinate system, is 

+ By^ + Cz^ + 2Fyz + 2axz + 2//j/y = 0. 

Depending on the curA'c chosen as the (linn*- 
trix, the surface is sijuare, rectangvilar, ellip- 
tical, etc. If th(‘ directrix is an ellipse in tlie 
plane c: = c iiith scani-axcs a and b and the 
v('rte\ is takcai at .r = /y == - = 0, the resulting 
c( pi at ion is 


The axis uf the conical surface is then the 
Z-axis and the ciKirdinale origin a center 
of sMiniHlnx Two suilaces au' tlius pro- 
duc(‘d, one lor positnc' \alu(‘s of : and its 
nniioi* un‘i”t‘ lor nc'gativi' c These ar(‘ the 
two nappes ol tli*' (‘onual snrlaee. 

If the dir(ctii\ i- a circle, a — h and the 
'>uilac( i> calhd imhl ciicular 

(T)NI(X)ll). V cpiadric surface. 

CONJUGATE. ]('r a complex number, 

,7 I th(‘ conjugaU' or eoiijugate comph x is 
H n It is ohlained hv (hanging tin ^ign 
o' llu nnaginaiN p.iii pioc( "s is oMcmi 

(l( signaled by th(‘ a^teiisk, iluis A" is eori- 
Uio\t( to A 'idi(' i)»odn(t ot an ('X])i (‘•^-lon 
and Us eoiijneate is always red 

The term (‘onjugate i'- also us('(l m group 
theory hui with a dilferent me mmg lSe(‘ 
li ansform.) 

CONJUGATE FOCI. The iiiti oh iieiuh nt 
distances belw(*en ol)j(‘<'t and 1( ns and lens 
and image are known as the coniugate dis- 
tances. As tlie distance Irom the ('hjfct to the 
lens increast's, (liat from the lens to the image 
decreases and Aic(’ xersa d he formula ex- 
[iix'ssing the geometrical relation between 
these dibtanees is. 

1// = I D + I'U 

where / is the focal length of the lens, n, th^-* 
len— to-image distance, and u, tlie object-to- 
lens distance. The ratio of the conjugate dis- 
tances determines tlie size of tlie image. 
Thus: 

R = v/u 

where R is the relative size of the image to the 
object. If w = ^f^/f “ 2/wandw = 2/. Then 


the lota] 7/ + r ~ d/, which is the minimum 
possilile distance betwi'cn real image and real 
object feir a lens with posit i\(* focal length. 

The definitions of ? and u given here are 
applicable only to a tliin lens The eriuations 
apply to any lens system, however, if v and v 
au' measured re^fiectixely from and to the 
ajipropriate principal planes of the lens or 
tlie lens syMem. 

CONJUGATE IMPED \NCES. See imped- 
ances, conjugate. 

CONJUGATE POINT. IDA singular point 

on a ciiiw^c whicli is tlie ii'*d mtiTseetion of 
imaginarv branches of th(‘ rune The con- 
dition which mu^t be met is 

— ) - , , < ()• 
diOy/ Or Ay" 

\Ko calk'd an isolati'd point. 

t2l Pe^’aiis(' Ilf (he (uu'-t o-one relation be- 
tween the obu'ct -'-pcice and th(' image-s})iice 
of an optical system, lor each point or ray 
in (»iie s|)ac(' then' is a conjugate iioint or 
lax in the other ‘'jiace. 

CONJUGATE SOMJTIONS. A system in 
equilibrium (oiisislino ol tw'O liquid jihasi'S 
mid two ( ()in])()neni'-. if the comiioni'iits of 
■^m h a t\\ o-componciU system are designated 
a^ A and H, then one phase is a soliUion of 
(ompi)n(n( A in coiniioiK'nt H, and llu‘ otlu'r 
[ilias^ is sohitjoii of '‘omjionent H in conqio- 
nent A vSuch licpiids are spoken of as ^‘pur- 
titdlx" mi'^cihle ” 

CONNECTED NETWORK. See network, 
connected. 

CONNECTIVITY. A domain bounded liy a 
smooth (Mirve i> said to be simply connected 
Anv closed ciirxT in the domain can be shiunk 
to a point by continuous deformation wdflioiit 
crossing tin* l)(;und:uv AMien more than one 
continuous arc is r('(]uircd to form the bound- 
ary, the domain is multiply connected and the 
ramiuuim number of arcs rec] aired to form 
the buundai> is the eonn(‘cli\ ity. 

CONPERNIK. A trade name for a 50^0 
nickcl-iron, inotropic magnetic alloy. 

CONSERVATION OF ENERGY, LAW OF. 

The total quantity of energy in a closed sys- 
tem is constant. The law of the conservation 


Conservation of Mass, Law of — Constant Boiling Point 
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of cncrfj;y is on(‘n culli'd the first law of thw'- 
inodyiuiniics. or simply the first law. 

Tn view ol I lie reeognition that energy and 
mass are nmlually convertible, which results 
from s])ecial relativity theory, this law must 
be recognized as a special case of the conser- 
vation of mass eiK'rgy. It is applicable ordy 
when no con\'('rsion‘' of mass to ('luu’gy or 
energy to mass lake place, or when the en- 
ergy of the syst(‘in is understood to include 
all the mass ni the system c(jn verted to en- 
(‘rgy units hy limit ipli(*alion by the sipnare of 
the speed of liglit. 

CONSERVATION OF MASS, TAW OF. 

(Law ot the conservation of niattei*. ) Thi'^ 
law lias been jnit in the form that matter can 
neither be created nor destroyed. ^lore ac- 
curately, the total nia^s of any system remains 
constant under all traii'-formations. For the 
interpretation ol this law' in tlu' liglit of rela- 
tivity theory, see conservation of energy, law 
of; mass-energy relation. 

CONSERVATIVE SYSTExM (CONSERVA- 
TIVE FORCES). A system of ]iarticles in 
wliicli the for(‘e‘^ acting on any pnrticli* of the 
s\^ii‘m ai(' b)rcis which can be deriv(‘d Irom 
a potential energy function. Then' must exist 
a potential energy function i't.r, c) such 
that the c()in[)on( nt^ ol the resultant of these 
forces are giviai by 



F 


u ~~ 


civ 

d!J 


dV 



or the resultant force vector F — — vF. Tlie 
forces wliich satisly this condition are called 
eonservathe forces. (C'f. potential energy.) 
In a conseivati\e system, the w'ork recpiired 
to move a jianicle from one point to another 
defiencL only on the positions of the tw'o 
points, not on the path followTd between 
them. 


CONSISTENCY. (1) The degree of viscosity 
or fluidity of a liijuid, /i the degree of firm- 
ness or plasticity of a Si>>id. (2) The relative 
amount of solid inatcrial in a mixture. 


materials. Its essential element is a pointed 
plunger which is drop])cd from a fixed height 
on the material being tested; the depth of 
penetration is a measure of the relative hard- 
ness ol the material. 

CONSOLUTE. (A)mpl('tcly miseihlo. Term 
a|)plied to licpiids wdieii tliey are iiiiseihle in 
all proporfion^, i.e., mutually comjiletcly sol- 
uble, under some giviai conditions. Not usu- 
ally ajijilied to Leases wliicli are all miscible. 

CONSOI.UTE TEMPERATURE. The up- 

])er consolut(‘ tem[)(‘rature for I wo partially- 
mismble lupiids is tin* critical tianpcrature 
above wIiicli tlu' I wo licpiids are miscible in 
all proportions, fn some systc'ins where the 
mutual solubility decreases willi iiicn^asirig 
t^'mjK 1 :i( iii’i' o\ er a et rtain tenijiei’ature range, 
the low(‘r I'ousolute ti‘ni|)erature eorn'^ ponds 
to tlu enlical I einperature bt'hwv which tlu‘ 
iwo licjinds ar(‘ miscihle m all p^’oportions. 
Some '-V''i(‘in- ^nvh as nii'tlix lellivl ketoiu* nnd 
water have botli ii])per and lower eonsolute 
temfx ratm ( s. 

CONSONANf'E. \\ Ik n (wo or nioK niiisical 
tones filaved simull aneonsly pioduce a plea^- 
inv (fleet on (1 k‘ ik i llu' toms ai(' su'd 
to I)(‘ in con>onanc(‘ The gran ral condition 
for consoiKUKK' is lha{ tlie frecpuaudi s of jdl 
the sounds ha^e the ralios of •'mall wliole 
numbers. 

CONSONAN1 ARTICULATION. See ar- 
ticulation, consonant. 

CONSTANT. An al^^olntc constant is a sin- 
gl(* number wliich always has the same value. 
An arlut^'ary eonstant or parameter is one 
wdiich has only one particular value in a given 
ea^e, but may have another value in anotlur 
ease AiLitrary constants arc often repre- 
.-ent(‘d l)y letters, a^ a, b, r, etc., from the first 
])art of the alphabet. 

CONSTANT AMPLITUDE RECORDING. 
Sec recording, constant amplitude. 

CONSTANT-ANGLE FRINGES. See Hai- 
dinger fringes. 

CONSTANT BOILING MIXTURES. See 
boiling mixtures, constant. 


CONSISTOMEITIR. A testing ariparatus CONSTANT BOILING POINT. See boil- 
for mcasiu ng the hardness (consistency) of ing point, constant. 
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CONSTANT-CURRENT CHARACTERIS- 
TIC. The relation, usually rejjresonted by a 
graph, between the voltages of two electrodes, 
with the current to one of ihem, as well as all 
other voltages, maintained constant. 

CONSTANT-CURRENT (HEISING) MOD- 
ULATION. Soe modulation, constant-cur- 
rent (Heising). 

CONSTANT-DEVIATION FRINGES. Seo 
Haidinger fringes. 

CONSTANT-DEVIATION PRISM. See 
prism, constant-deviation. 

CONSTANT(S), ELASTIC. S(3C elastic con- 
stants. 

CONSTANT HEAT SUMMATION, LAW 

OF. (Law uf Hess.) Tlie ('uergy change in- 
volved in a chemica] reaciioii or series of re- 
actions in going Ironi Hie initial eoiulilion of 
the sysHan to I he final eondilion is always 
tile same and i^ independent of the interme- 
diate conise the reaction takes. 

CONSTANT(S), IJNE. Sec line, transmis- 
sion. 

CONSTANT - T.UMINANCE TRANSMIS- 
SION. A inetliod of color transmission in 
which the carrier color signal controK the 
chromaticity of the produced image witliout 
atTecting the luminance, the luminance being 
controlled by the monochrome signal. 

CONSTANT OF INTEGRATION. An arbi- 
trury constant or parameter which must be 
added to any functiem resulting from an inte- 
gration in order to obtain tlic general solution 
or primitive. Thus the general solution of an 
nth order differential equation will contain v 
constants (»f integration. 

CONSTANT-RESISTANCE STRUCTURE. 

A structure whose iterative imp('( lance (see 
impedance, iterative), in at least one direc- 
tion, is a resistance and is independent of the 
frequency. 

CONSTANT VELOCITY RECORDING. 
See recording, constant velocity. 

CONSTANT VOLUME METHOD FOR 
VAPOR PRESSURE. A known weight of the 
substance is vaporized in a constant, kno^Nui 
volume at a known temperature, and the in- 
crease in pressure measured. The apparatus 
consists of a glass bulb surrounded by a con- 


stant-temperature bath and connected to a 
limb of a mercury manometer, the level in 
this limb being kejit at the same height before 
and after vaporization. Knowing the weight 
of tlie vapor and its volume, the density can 
be calculated at the tcm])erature of the ex- 
periment, and at a pressure equal to the par- 
tial pressure of the vapor, which is equal to 
the increase in pressure observed. 

CONSTITUTION. 1 1 ) The aiTangement of 
the atom*^ in the molecule. (2) A diagram 
designed to show tlio relative positions of 
atoms and groups in two dimensions. When 
the arrangement is consiflered in three dimen- 
rions, so as to shoss sj^acial relationships, it is 
callcil a configui ation. 

CONSTRAINED MOTION. &ee kinetics. 

CONSTRAINT. Any parliele or collection 
of ])aiticl('s 1 ^ said to bo subject to constraint 
if the n urn her of degrees of freedom is less 
than oMy whr re V is the number of particles. 
((T. lh(' D’Alembert prineiple and tl)C Gauss 
principle of least eonslraint.) Specifically 
that property which distinguishes a mecha- 
nism from oilier mc'chanical linkages. A 
me(‘hMni'-]n ha^ cons! rained motion in that a 
motion of one jiart is follovvi'd by a prede- 
termined motion of tlu' remain(t('r of the 
mechani'-m. To determine whether a me- 
chanical linkage is a mechanism or not, Klein 
advocat(s a[)plving tln^ criterion of constraint, 
which he writes as follows: 

^ - 4 + 7 - p 

jr = 

2 

in which J i« the number of joints in the mech- 
anism, N is the number of links in the ineeh- 
aiiisni, 7 is the number of independent pris- 
matic clniins, that is, those whose joints are 
of the sliding type, P ' the number of point 
or line tvpe of contact joints in the .mech- 
anism. When this eciuation yields an identity, 
the mechanism is said to be constrained for 
all dimensions. 

CONTACT ANGLE. The angle formed by a 
liquid on the surface of a solid at the gas- 
solid-lkpiid interface, measured as the di- 
liedral angle in the liquid. Its value depends 
on the relative surface energies of the three 
interfaces, vapor-solid, vapor-liquid and solid- 
liquid. 
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CONTACT, HIGH RECOMBINATION 
RATE. A semiconductor-semiconductor *or 
metal-semiconductor contact at which thcmiial 
equilibrium carrier densities arc maintained 
substantially independent of current d<‘nsity. 

CONTACT, MAJORITY CARRIER (TO A 
SEMICONDUCTOR). An electrical contact 
across which the ratio of majority carrier cur- 
rent to applied voltage is substantially inde- 
})endent of tlie polarity of the voltage, whil^^ 
the ratio of minority carrier ciirriMit to ap- 
plied voltage is not indepc'ndent of the polar- 
ity of tlic voltage. 

CONTACT MICROPHONE. See micro- 
phone, contact. 

CONTACT NOISE. The fluctuating elec- 
trical roistance obseiwcd at the junction of 
two metals, or of a metal and a semiconductor. 

CONTACT POTENTIAL. (1) The potential 
difference observed between the surfaces of 
two metals in contact. It is due to the dif- 
ferences in work function; the electrons in 
each metal tend to reach tlie same Fermi level, 
and potential builds up until this is estab- 
lished. A distinction must be made beluinm 
the contact potentials in air and the so-called 
“intrinsic” contact jiotcntials in a vacuum 
with all adsorbed gases remo\cd. According 
(o Millikan, the intrinsic jiotontial diffci'ciice 
between two metals A and B is exjiressod by 
V 4 jt = h(v^ — i//?)/e, in which h is the Planck 
constant, 1/4 and m are the critical frecpicncics 
of ])h()toclectric emission for the two metals 
(see photoelectric phenomenal, and c is the 
eh‘ctronie charge In any ease, if the elec- 
tronic work functions of the metals are 
and ?)/;. the contact fiotcntial ditference is 
Vah ~ iV\ — The w’ork functions, and 

hence y 4 /;, are in general dependent upon ihc 
medium surrounding the metals. Aecunitc 
measurements of these potentials arc, unfor- 
tunately, very difficult. 

(2) Colloquialism for the negative potential 
required to bias the grid of a vacuum tube 
to the point of zero grid current (usually 0.1 
to 1.0 volt). 

CONTACT RECTIFIED Sec rectifier, con- 
tact. 

CONTACT TRANSFORMATION. See ca- 
nonical U\ isformation. 


CONTINENTAL CLIMATE. The type of 
climate characteristic of the interior of a con- 
tinent. 

CONTINUA. See spectrum, continuous. 

CONTINUITY EQUATION (PRINCIPLE 
OF CONTINUITY). The application of the 
principle of eonservat ion of mass to fluid mo- 
tion. It expresses the local rate of increase 
of (h'nsity as the ncgativ(i of the divergence 
of the mass flow. In the Kulerian formula- 
tion, 

dp 

h div pv = 0 

dt 

where' p i^s fluid density and v is the flow 
velocity. Both p and v are functions of sjiace 
and time. For an incompressible fluid, the 
di\crgeuce of the vt^locitv i^ zero. 

^riie eoiiiiiiuity equation applies to any 
flow' of a conseiwed fjuantity, Midi as electric 
chnrgo, energy or moinentiun. 

CONTINUITY OF STATE. Transition be- 
tween two states, as between the gas(‘uu'=5 ami 
liquid states, in eitluT direction, willioiit dis- 
continuity, o: abrupt change in pliysieal jiro])- 
eiiies. Although this transition is not realiz- 
able in practice by mere ])ressur(’-v()luni(' 
change, it can Ix' accomplished })y some jiroc- 
esses, as by a sequence of temperature 
dianges in one direction at constant volume, 
followed by teinpcTature changes in the other 
direction at (‘onstant pressure, or vice versa. 

CONTINUOUS CREATION HYPOTHESIS. 

Ilypotliesis that the universe is lieing crealed 
continuously by the formation, wutliout ap- 
parent mechanism, of one nucleon per 10-’ 
year-liter, a rate too small to be directly d(‘- 
tected, })ut sufficient to keep the average den- 
sity constant despite the expansion of the 
universe. Galaxies wdiich have receded to a 
disfance of more than 2 X 10® years arc sup- 
posed to disappear from view, and the wdiole 
universe is in dynamic equilibrium, recently 
creaferl matter forming into galaxies to re- 
place those w'hidi are lost. Thus the universe 
is in a steady state, although the matter 
w^hich composes it is being continually 
changed. This creation of matter throughout 
all space, without local energy conservation, 
is so great a mystery that the theory has not 
been generally accepted. 
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CONTINUOUS-DUTY RATING. See rat- 
ing, continuous-duty. 

CONTINUOUS SPECTRUM. See spectrum, 
continuous. 

CONTINUOUS WAVES OR CW. See 
waves, continuous or CW. 

CONTINUOUS X-RAYS. See x-rays, con- 
tinuous. 

CONTOUR. (1) A smooth curve made of 
arcs bound together continuously, each arc 
having a continuous tangent A c^O'-ed con- 
tour may be (leconiposed into a senes of closed 
smooth cui vob having no multiple points If 
the closed contour is traversed m a counter- 
clockv\ise direction vith respect to some point 
111 the domain, the scii'-e of the contour is 
positive'. Integration along a closed contour, 
C IS indicated by the symbols 

X”/ 

and the result is a contour integral (See 
calculus of residues.) (2) A curvT in a two- 
dimensional s[)ace, along Inch some func- 
tion of po'^itioii has a siiecified eonslant value. 
Tlius a line on a map connecting points hav- 
ing the same height is a height contour or a 
potential energy contour 

CONTRACTED RIEMANN-CIIRl STOFET 
TENSOR. The tensor vvhep' 

is the Riemann-Christoflel tensor. Sum- 
mation on the repeated index f i" implied 

CONTRACTION. A jiroeess usi'd to reduce 
the rank of a tensor. (Sec tensor, contrac- 
tion.) 

CONTRACTION, COEFFICIENT OF. See 
coefficient of contraction. 

CONTRACTION OF MEASURING-RODS. 

If a rod of proper length I mo\es longitudi- 
nally with velocity n with respect to an ob- 
f^erver, the length of the rod apjiears to this 
observer to be 



(c is the velocity of light.) (See relativity, 
special theory of.) 

CONTRAST. (1) In photography, the slope 
of the curve plotted between density and the 


\o^ of exposure (see H and D curve). (2) 

In television, the ratio between the maximum 
and minimum brightness values in a picture. 
(3) III psychophysics, the change in the re- 
sponse to a stimulus as a result of the prox- 
imity in space or time of other stimuli. In 
general, the response to a stimulus of given 
physical intensity is reduced if neighboring 
stimuli have greater intensities, and vice versa. 

CONTRAST CONTROL. In television, a 
potentiometer tint peuuits varialions of the 
intensity of the various elements of an image. 
Mav be used to accentuate the highlights and 
shadows in an image. 

CONTRAST SENSITIVITY. If the differ- 
ence in brightness aB of a small spot against 
a larger background of brightness B is just 
diseermble, the contrast vensilivity is defined 
as A/?/7? 

CONTRAVARIANT (TENSOR). A particu- 
lar kind of t(uisor. (See tensor, contravari- 
ant.) 

CONTRAVARIANT VECTOR. Any set V 

of lour functions of ihe coordinates which 
under a general coordinate transformation 
becomes 



The notion is of particular use in the general 
rolativiry theory (See relativity, general 
theory of.) 

CONTROL. (1) A system or dexice which 
e\cits a rc'-tiaming, governing or directing in- 
lluenee. (2) \ri exiieriment or test done to 
confirm or to rule out error in experimental 
obKu vat ions 

CONTROL ANGLE. Synonym for satura- 
tion angle. 

CONTROL CHARACTERISTIC. (1) Of 
a magnetic amplifier, a curve of the output 
quantity versus control quantity under speci- 
fied conditions, both expressed in suitable 
units. (2) Of a gas tube, a curve of tht criti- 
cal grid voltage versus anode voltage. 

CONTROL CIRCUIT. (1) Of a magnetic 
amplifier, the control windings and the volt- 
age sources and impedances w'hich are con«> 
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nectecl to them, and which together del ermine 
the current in the control windings. (2) l^he 
circuits of a digital computer which cffoct 
the (*arrying out of instructions in jiropcr se- 
quence, the interpretation of each instruction, 
and tiic application of the proper commands 
to the arithmetic element and other circuits 
in accordance with this intcrfjrctation. 

CONTROL CIRCUIT A-C SUPPLY VOLT- 
AGE (RESET CIRCUIT A-C SUPPLY 
VOLTAGE). An a-c voltage, appearing in 
the control circuit of a magnetic amplifier, 
the purpose of which is, in conjunction with 
the action of the signal, to accomplish re- 
setting of the saturable reactor core flux dur- 
ing resetting intervals of the cycle. 

CONTROL CIRCUIT IMPEDANCE. Con- 
trol circuit iinf)edance of a magnetic ampli- 
fier eonsi.sts of two parts: (a) The external 
control circuit impedance includes the exter- 
nal control circuit reaetaiiee and. usually, the 
entire control circuit rcsi^ance. (b) The in- 
ternal control winding impedance coiiMsis of 
the control winding reactance and control 
winding resistance. 

CONTROL CIRCUIT REACTANCE. Con- 
trol circuit reactance of a magnetic amplifier 
consists of two ])arl.s: (a) The rcacljjnce of 
the control ^^illdlng of one saturable n'actor 
when unsaturated; this reaelance is alNO called 
internal control winding reactance. The con- 
trol winding reactance is related to the gate 
reactance by the square of the turns ratio of 
the saturable reactor, (b) The reactance of 
the control circuit external to the control 
winding is called the external control circuit 
n^aetanee. 

CONTROL CIRCUIT, RESET. That cir- 
cuit of a magnetic amplifier through wliicli 
controlled resetting of the saturable reactor 
core flux is aeeomplished. This circuit is com- 
prised of the saturable reactor control wind- 
ing (s), the signnl(s) and any other param- 
eters wdiich may bo used in conjunction with 
these to accomplish the desired controlling 
action. 

CONTROL CIRCUIV RESISTANCE, 
EQUIVALENT. Of a magnetic amplifier, 
the parallel equr'^Ient of all the control cir- 
cuit resistances referred to the same turns 
basis, usua\y that of an output winding. 


CONTROL CIRCUIT RESISTANCE, RE- 
ELECTED. The resistance of a control cir- 
cuit wdien referred to some arbitrary turns 
basts, usually that of an output wunding. 

CONTROL, CONVERGENCE. See con- 
vergence control. 

CONTROL CURRENT. In amplifiers, the 

current whose magnitude detennines the mag- 
nitude of outimt. 

CONTROL ELECTRODE. See electrode, 
control. 

CONTROL GRID. See grid, control. 

CONTROL HYSTERESIS. A control char- 
acteristic which is double-valued. This may 
be encountered in amplifiers with excessive 
amounts of positive feedback, or in sonu* 
forms of magnetic amplifiers with inductive 
load. SometiiiK's called “snap action.” 

CONTROL, LOCAL. A system or method 
of radio-transmitter control whereby the ton- 
trul functions are performed directly at the 
transmitter. 

CONTROL, MASTER GAIN (VOLUME). 

A control pr()vid(‘d in broadcast or recording 
studios to penuit adjustment of the over-all 
output l(*vel of the studio without affecting 
the lialance achieved ])y the mixer controls. 
It is also useful for fading purposes. 

CONTROL POINT, l lie value of the con- 
trolled variable which, at any instant, an 
automatic controller operates to maintain. 

CONTROL RATIO (OF A GAS TUBE). 

The ratio of the change in anode voltage to 
the corresponding change in critical grid 
voltage, wdth all other operating conditions 
maintained constant. 

CONTROL TRACK. A supplementary sound 
track, usually placed on the same film with 
the sound track carrying the i)rogram mate- 
rial. Its purpose is to control, in some re- 
spect, the reproduction of the sound track. 
Ordinarily, it contains one or more tones, each 
of wdiich may be modulated either as to am- 
plitude or frequency. 

CONTROL TURNS. In magnetic ampli- 
fiers, the turns wound on the core (a) which 
carry the control current 
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CONTROL, VERTICAL HOLD. In televi- 
sion, the control which varies the free-run- 
ning period of the vertical-deflection oscil- 
lator. 

CONTROL WINDINGS. Of a saturable re- 
actor, those windings by means of which con- 
trol magnetomotive forces are apj)li('d to the 
core. 

CONTROLLED (VARIABLE OR FLOAT- 
ING) CARRIER. See carrier, controlled 
(variable or floating). 

CONTROLLED - CARRIER MODULA- 
TION. See modulation, controlled-carrier. 

CONTROLLED VARIABLE. That quan- 
tity or condition wliich is iiKai^iired and con- 
trolled l)V an automatic controller. 

CONVECTION. (1) The tuinsfoience of 
heal })y tlie hodilv niovenienl of heab‘d par- 
1icl(‘s of inallei’, as the lu'ating of buildings 
by steam, hot air, or hot water (2) The 
liansfei of nia«:s hy sf] naming niofion 

CONVECTION CURRENTS. (1) Sie cur- 
rent, elecliic. (2) In alrnospheric phvsies, 
ciir em rents that Irruel ^erlieallv t'onvec- 
tion can he either ineehanual or thenual 
Orogra]diic<d and fumlal lifting ni( mechani- 
cal com (‘ct ions of uhok* la\ers of an wliiil- 
winds, (hisi devils, cumulus clouds and thun- 
derstorms are results of small-scale conve< - 
tion. 

CONVECTION, FORCED. Ihe transport 
of heat through the motion of a locally healed 
fluid if this motion is produced by other agen- 
cies than the gi’a\ itational effect on the vaii- 
ation in dcai.^ily \Mth temperature. 

CONVECTION, NATURAL. Thv lian^^porl 
of heat thiough the motion of a fluid ^^hlch 
IS locally heated, if this motion is solcdy due 
to changes m the density of the fluid 

CONVECTIONAL PRECIPITATION. Pre- 
cipitation liom clouds caused by thermal in- 
stability, i.e., clouds of the cumulus or cumulo- 
nimbus type. 

CONVERGENCE. (1) A series converges if, 
and only if, the sum of the first n tcmis ap- 
proaches a limit as n is increased indefinitely, 
i.e., if 

\Sn -L\<* 


fojf all e, however small, and for all n greater 
than some fixed N, Here L is a finite number, 
the limit, and is the sum of the first n 
terms. (See also Cauchy convergence test) 
(2) In meteorology, an inflowing of air into a 
region from more than one direction in such 
maniuM that moie air flows m than flows out. 
So long as (his process continues, it wdll tend 
to produce an increasing pressure and tem- 
perature, with their eon‘^equent effects. (3) 
In a thiee-gun, color kinescope, the focusing 
of the three eleciron beams on a common 
imiiit, iisualH the aperture mask. 

CONVERGENCE CONTROL. The control 

m a color tdevi.vioTi lecehcr wdiich adjusts 
the, potential on the eon verge nee electrode 
of the kinescope for con\eigence of the 
beams 

CONVERGENCE MAGNETS. Three per- 
manent magiKts pliH’cd around the purity 
coil of a three-gun, color kinescope used to 
adjust the beams (in conjunction with the 
convergence control) for proper convergence 
of the electron beams 

CONVERSION. In gfneral, a change, often 
with (lie force of a directed or induced 
change One spcdfic use is a change in nu- 
nuiieal value of a (luantdy resulting from 
(he U‘^e 01 a iifierent unit in the snmo or a 
dilfer(‘nt system of measurement (See con- 
version factor.) 

CONVERSION COEFFICIENT. Pee con- 
\crsion fraction. 

CONVERSION ELECTRON. An electron 
emitted in (he pron s^ oi de-e\citation of the 
nucleus by diiccT coupling befwTon ihe ex- 
d(ed luicldis anrl an elcetrDn in Ihe K, L, or 
M sh('lls or pos,*.iblc oilier sheik, constituting 
the })!()( cs^ ol internal conveision Such an 
eleelioii has a hiiHdic energy wfiich i.s the dif- 
f(‘ren(e helwetn the transition energy and the 
binding energy of lhat electron. Internal 
c()n\er'-ion is Lillowed by emission of eharac- 
teiidic x-rays or of Auger electrons as a con- 
serjiience of the necessaiy rearrangement of 
the atomic electrons. 

CONVERSION EFFICIENCY. In vacuum 
tube amplifier and oscillator circuits, the a-c 
(usually radio frequency) power output di- 
vided by the d-c power input to the plate 
circuit. It is also called the plate efficiency. 
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It varies quite widely with different classes 
of amplifiers, running as high as about 80% 
in some class C amplifiers, from 80 to 70% 
(depending upon conditions) in class B and 
being of the order of 20% in the usual class 
A amplifier. 

CONVERSION FACTOR. (1) The ratio of 
two measures of Ihe same physical quantity, 
ill different units. Thus, one statute mile is 
exactly equivalent to 5280 feet, anil we may 
express this fact by saying that the ratio 
52vS0ft/l mi = 1. Quantities expressed in one 
unit may then be transformed to another unit 
by multiplication or division by the conver- 
sion factor. Thus 

15 mi = 15 mi X (5280 ft/1 mi) == 79,200 ft 
or 

39,600 ft = 39,600 ft X (1 mi/528() ft) 

= 7.500 mi. 

(2) The term is often used to rider to the 
numiTical value of the conversion t actor as 
defined above, i.e., 5280 is the convi'rsion fac- 
tor to change a distance expressed in miles 
to the same distance expressed in feet. 

CONVERSION FRACTION, The ratio of 
the number of internal conversion electrons 
to ihe number of (jiianta emitted plus the 
number of conversion electrons emitted in a 
given mode of dc-i’xcitaiion of a nucleus. 
Partial conver.^ion fractions refer to conver- 
Mon fractions for various electron shells, c.g., 
A’ -com ersion fractions, //-conversion frac- 
tions, etc. Sometimes called conv(a\sion co- 
efficient. 

CONVERSION GAIN. In a nuclear reac- 
tor, the conversion ratio minus one. 


input- frequency (signal) component of volt- 
age w'hen the impedance of the output exter- 
nal termination is negligible for all the fre- 
quencies which may effect the result. Unless 
otherwise stated, the term refers to the cases 
in which the input-freipiency voltage is of 
infinitesimal magnitude. All direct electrode 
Aoltages and Ihc magnitude of the local-oscil- 
lator voltage must remain constant. 

CONVERSION TRANSDUCER (FRE- 
QUENCY CONVERSION TRANSDUCER). 
S(‘e transducer, conversion. 

CONVERTER. A machine or device for 
changing alternating current to direct cur- 
rent, or the converse. If a conversion is made 
fiom (1-c to a-c, the machine is called an in- 
\erted eonvi'rter. The most common type of 
rotaling converter at present is the rotary 
converter, which is essentially an alternator 
and ci-e generator eomliined in one machine 
having a single armature and a simrle-ficld 
(■ircuit. dMiis is not to he confus<Hl with a 
motor-generator set wliieh, although it mav 
be clash'd as a converter, is basienllv two ifja- 
ehini's having separate armatures, and shafts 
connected by a coupling. The rotarv eon- 
\eiier reci'ives a-c at oiu* set of terminals, and 
delivia’s il-c at another llie energv deliv- 
ered is less than that received ))V the amount 
of the convei-ter lo^s(*s, eonsirtting of fiiction, 
rosistance lieat, and core losses The con- 
verter is freiiuontly called a synchronous con- 
vertor or rotary ronveiter 

CONVERTER, MAGNETIC. See modula- 
tor, magnetic. 

CONVERTER TUBE. See tube, converter. 

CONVERTIBLE LENS. See lens, convert- 
ible. 


CONVERSION GAIN RATIO. In commu- 
nications, the ratio of the available signal 
powa^r at the output to the availahlc signal 
power at the input of a frequency converter 
or mixer. 

CONVERSION RATIO. In a nuclear reac- 
tor, the number of fissionable atoms produced 
per fis.sionablc atom destroyed. 

CONVERSION TRAN >CONDUCT ANCE 
(OF A HETERODINL CONVERSION 
TRANSDUCER), The quotient of the mag- 
nitude of the desired output-frequency com- 
ponent of current by the magnitude of the 


CONVOLUTION. If / and cj ai'c both func- 
tions of the complex variable c, Ihe convolu- 
tion or faltung of / and r;. oflim indicated by 
the symbol (f*g) is the integral 


f*g 



- Odt. 


Let ^ be the Fourier transform of the in- 
tegral, then 

Hf*9) = 

This theorem also applies directly to the La- 
place transform and with minor modifications 
to the Mellin transform. 
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CONWELL-WEISSKOPF FORMULA. The 
mobility /x of electrons in a semiconductor in 
the presence of donor or acceptor impurities 
is given by 

M (1 + 

where 

X = CudkT/r^ 

and c ib the dielcetrie conbtant of tlie me- 
dium, N is the concentration of ionized do- 
nors (or acceptors), 2(1 is the averaf^e di'-tance 
between ionized donors, e and in tlie electronic 
( liar^e and mass, etc. 

“COOKE TRIPLET.” See camera lenses. 

"COOKIE CUTTER.” See magnetrons, 
methods of tuning. 

COOLTDCE TUBE. A h()t-cathod(‘, sclf- 
K'ctifying lypi‘ ot vray tube. 

COOLINC BY ADIABATIC DE.MAGNETL 
Z\T10N. See adiabatic demagnetization, 
cooling by. 

COOLING CURVE. A graphical reprcMni- 
tation of the tc'mperatui e of a Mih4anee 
|)lott(d ai^ain-t time, such a^ is olitained for a 
molten alloy (‘ooling rliron^b its solidification 
tempciatiiie or Jam2,c oi i(‘mperaturos 

COOPER \TIVE PHENO^^ENO^ . Any 

jiroce^s tor whose ocdirienci' llie snn iltancoiis 
intei action between scvf*ial inoh'cnles nr sv-^ 
terns is reciuiied. tvjiieal are order- 

disorder transformations, and ferromagnet- 
ism, where every atom in a crystal may par- 
ticipate. 

COORDINATE. One of the numbers used 
to locate the position of a point relative to a 
coordinate system. In tliree-diinen^ioiuil svs- 
terns, if the point is on a coordinate surlace 
one coordinate is zero; if it is on a eooidinate 
axis, two coordinates are zero 

COORDINATE AXIS. A dii'cctioii along 
which only one of the coordinates of a point 
changes as the point moves in this direction. 
In three dimensions, an axis is the iritcrsec- 
lion of two coordinate surfaces The axes 
may be mutually perpendicular or inclined at 
any arbitrary angle. 

COORDINATE, CURVILINEAR. Throe 
parameters which determine the position of a 
point in a triply orthogonal coordinate sys- 


tepa, or only tw^o, if the point lies on a sur- 
face. 

COORDINATE POTENTIOMETER. See 
potentiometer, coordinate. 

COORDINATE SURFACE. The surface in 
a coordinate system obtained by setting one 
eoordinate e(pial to a constant. 

COORDINATE SYSTEM. Surfaces used for 
locating the position of a ])omt; three if in 
space but only two if in a plane. When the 
surtaecs arc mutually perjicndicular, the sys- 
tem is curvilinear or orthogonal; if the sur- 
faces arc jdanes, the system is rectangular; if 
the surfaces do not intersect at right angles, 
tilt' system is said to be aftine or non-orthog- 
onal. 

COORDINATE VALENCE. See bond, co- 
ordinate. 

COORDINATES AND MOMENTA, GEN- 
ERALIZED. ( haHTalized cooidinates are co- 
onlmates chosen to de^fnlie the motion of a 
meohameal system, without having their ex- 
act nature immediately specified. The gen- 
(‘ralized ( oonlinati's associated with a system 
having n degrees of freedom arc denoted by 
^/i, * • ' (In- In the final analysis of a jiar- 

lieulai firohlem, the giaieralized coordinates 
must be translated into a knowm set, such as, 
for e\anii)l(*, reetangnlar, c> lindri'‘al, or 
sjdiei ieai. 

Th(‘ generali/ed momenta pi, po, ' • * Pn are 
defined by the equation: 

dL 

Vi = 7 .’ 

Oqi 

wliere L is the Lagrangian function for the 
by'>tt‘m. The gtneralized momentum pi is 
said to l)(‘ conjugate to the generalized co- 
uulinate r/i. The Lagrange equations and the 
n ami It on canonical equations are expressible 
ill terms of generalized cooi'di nates and mo- 
menta. 

COORDINATION NUMBER. The number 
of nearest neighbors of a given atom in a 
crystal structure. In covalent crystals, only 
those neighbors to wdiich the atom is directly 
bonded are counted, and this number is usu- 
ally four or less. In metals the coordination 
number may be as high as twelve, as in the 
close-packed structures. 
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COORDINATION POLYHEDRA. The ar- 
rangement of oxygen ions about tlie cation 
to which they are closely bonded, in an ionic 
crystal, as, for example, the group (Si 04 ), 
which forms a tetrahedron. Such polyhedra 
pack as units in the crystal structure. 

COPPER. Metallic element. Symbol Cu. 
Atomic number 29. 

COPPER-OXIDE MODULATOR. Sec mod- 
ulator, copper-oxidc. 

COPPER OXIDE PHOTOVOLTAIC CELL. 
See photovoltaic cell, copper-oxide. 

COPPER-OXIDE RECTIFIER. See recti- 
fier, copper-oxide. 

COPPER-SULFIDE RECTIFIER. See rec- 
tifier, copper-sulfide. 

CORE. (IJA magnetic con* is an important 
element in many applicalmns in electrical de- 
sign. Electromagnetic equipment, as e\em])li- 
fied by the transformer, the motor and the 
generator, have electrical circuits, usually of 
eo])per conductors, and magnetic circuiis. 
The magnetic circuit follows a path largely 
contained in a core composed of iron or iron 
alloys. The purpose of the core is to offer 
a lovv-rolu(‘tance patli for tlu' magnetic flux 
establLshed by the electrical circuiis, and its 
success in this respect is m(‘asurcd hy its 
permeability. (2) Tn a nuclear reactor, the 
region containing tlic fissionable material; in 
a heterogeneous reactor, the re‘gion contain- 
ing fuel-bearing cells. (3) In an atom, the 
aggregate consisting of the nucleus plus all 
electrons in closed slid Is. The valence {‘l(‘c- 
trons may often be conshh'red 1o be moving 
in a field due to the spherically symmetrical 
charge +ze of the core, z being the number 
of valcnec electrons. 

CORE LOSSES. The power losses in a mag- 
netic core caused by hysteresis and eddy cur- 
rents. Tiie hysteresis loss is caused by the 
currents which are induced in the core mate- 
rial by the changing flux through it. Tliis is, 
of course, much more pronounced in a-c than 
in d-c machines, because of the much greater 
rate of change of the flux in the former. In 
order to reduce this loss ihe cores of all a-c 
machinery and much d-e inachinory are lam- 
inated or eompo‘-(*d of thin sheets. The hys- 
teresis loss is due to the interaction between 
the fields ^he molecules of the core and 


the external magnetic field. While the two 
types of losses do not follow the same laws 
the total loss varies approximately as the 
square of the frequency if other factors are 
held constant. 

CORING. A variation in composition wdthin 
the dendrites or grains of a cast solid-solution 
phase caused by failure to achieve equilib- 
rium during solidification. The alloy wliich 
initiMlly solidifies, contains a greater propor- 
tion of the component which raises the freez- 
ing tem]')erature (jf the liquid, and the inte- 
rior (core) of the dendrite is thereby enriched 
in this component. 

CORIOLIS EFFECTS (ACCELERATION 
OR FORCE). (1) Any object moving above 
the earth vith c(nistaiit space velocity is de- 
flected relative to Ihe surface of the rotating 
earth. Tills deflection was first discussed by 
the French {scientist (\)riolis about tlie mid- 
dle of the last century", and is now usually 
described in terms of the Coriolis a(‘ccleration 
or the Coriolis force. The d(*flcction is found 
lo be to the right in the northern la'inisplKTe 
and to the left in the southern. If is the 
vector velocity of a particle wilh respect to 
the earth (r is measured from the center of 
the earth), then the Coriolis acceleration is 
given by — 2a) X where o) is the angular 
velocity r)f rotation of the earth. 

The Coriolis efiects must be considered in 
a great variety of phenomena in which motion 
o\er the surface of tlio eaith is invohed. 
Among these may be listerl: a. Rivers in the 
northern heniisiihere should scour th(‘ir right 
banks more severely than the left, and the 
effect should be more evident for rivers in 
high latitudes. Studies of the banks of the 
Mi^slHsippi and Yukon rivers indicate the pre- 
dicted results, b. The motions of air over the 
earth are governed, to an appreciable extent, 
by the Coriolis force, c. A term, due to the 
(kiriolis force, must be included in the equa- 
tions for exterior ballistics. While the effect 
is negligible in small-anns fire, nevertheless, 
it is very important in the fire-control mate- 
rial for long-range guns. d. Any level bubble, 
which is being carried on a ship or plane, will 
be deflected from its normal position. The 
deflection will be perpendicular to the direc- 
tion of motion of the ship or i)lano The cor- 
rection for this effect may amount to several 
miles in the determination of a position of the 
ship or plane by methods of celestial naviga- 
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tion if the bubble octant is used in the neces- 
sary observations. 

(2) A generalized discussion of Coriolis ef- 
fects, not limited to tlic earth as a frame of 
reference, is given in polar coordinates as fol- 
lows: A particle which is subject to no forces 
in a polar coordinaie ‘^vstern r, 0 experiences 
a radial acceleration r{dB/dt)^ and a tangen- 
tial acceleration —2{(lr/f]t) icW/df) These 
accelerations result from tlie fact tliat e\e!V 
point fixed in a coordinaie sv^-tem rotating 
with an angular velocity dO/df (with the ex- 
ception of the origin ; is accelerated wiih re- 
spect to an inertial frame The radml ac- 
celeration is known as tlic centrifugal acceler- 
ation; the tangential acceleration is called the 
('oriolis acceleration If Nekton’s s('coml law 
of motion is applied to the pailicle wiihout 
corrc'ction ior the moimn of tlu' cNHirdinate 
system, a centrifugal force mr{dO/dt)^ and 
a (''orioh'^ force —2fti (dr ^dt] (dO ^df) , wIk'ic 
m IS the mass of llu' particle, mii^t he posiu- 
lated to account foi the behavior of I he par- 
ticle. 

CORNEA. 'The oiiteriuosi fiart of the eye 
ju^t in fiont of the acpieoiis humor. 

CORNER REFI .ECTOR. (U A reflector 
(see reflector (2)) consisting of two or thi(*e 
mutually-jni(M sccting, conducting surfaces. 
Comer n’flectors may be d<dic(lial or .jihedral. 
Tiihedral leflectors may be used as radar tar- 


gets. (2) A reflector which consists of two 
plane-conducting surfaces set at an angle of 
45° to 90° wdth the driven clement on a line 
bisecting the angle. The reflecting surfaces 
are not necessarily solid, but can be made 
from wdres spaced about 0 1 w^avelcngth apart. 
In a given amount of sjiace, the corner re- 
flector gives better directivity than the para- 
l)olic reflector. 

CORNU DOUBLE PRISM. In order to make 
use of the uliraviolet-transmitting properties 
of nuariz without mtioduoing its double re- 
fraction, ('’omu made a <"om pound prism by 
cementing together twm 30-degree prisms, one 
of right-handed and one of left-handed quartz. 

CORNU-JELLET PRISM. A prism made by 
splitting a Nieol (sec prism, Nicol) in a plane 
parallel to the diioction of vibration of the 
tran^^iuilted light and removing a w’’edge- 
shap(‘d section When the two pieces are 
joined toeetli( r again, the planes of vibration 
ol (lie light transmitted by the two halves 
make a small angle wdth each other. 

CORNU POLARISCOPE. A combination of 
a Wollaston prism, and a Nicol prism used 
a- an analyzer. 

CORNU SPIRAL. A jilot of 




Cornu spiral 
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2 / = I sin — dv. 

Jq 2 

This gives a double spiral curve. Distances 
on this purve are used in computing intensi- 
ties in the diffraction pattern resulting from 
Fresnel diffraction. 

CORONA. (1) Diffraction of light from 
cither the sun or moon through cloud water- 
droplets produces a corona or seri(*s of col- 
ored rings uliieh appear about the celestial 
body but actually are at the cloud height. 
Coruna differs from halo in that the latt(‘r is 
due to refraction by ice crystals. R(‘ddisli 
colors alv\ays occupy the ouier part of the 
ring (2) Also corona discharge. (3) The 
luminous region which may be seen about the 
sun during a total solar eclipse. 

CORONA DISCHARGE. The discharge 
broughl about as a rosulf of the ioni/ation of 
gas surrounding a conduclor, whioli occurs 
wlien the potential gradient exceeds a certain 
value but is not sufficient to cause sparking 

CORONA TUBE. A gas discharge tube em- 
ploying a corona discharge, used as a voltage 
reference tube. 

CORONA VOLTMETER. Sec voltmeter, 
corona. 

COROSIL. Trade name for an oriented sili- 
(MUi-iron magnetic alloy. 

CORRECTION. The quantity whioli is 
added to a calculated or observed value to 
olitain the coirect value. The currcclion is 
Ihe negative of the error. 

CORRECTION TIME. The time required 
for the controlled variable in an automatic 
controller to reach and stav \Mthin a iircdetcr- 
mined band about the control point follow- 
ing any change of the in(lc])cndcnt variable 
nr operating condition. 

CORRECTION TO VACUUM. The cor- 
rection of ^^a\elengths or of the s])ecd nf light 
as measured in air to the apjiropriatc values 
in vacKO. The index of refraction for air is 
about 1.00n22o Imt is d^j^endent on the den- 
sity of the air. 

CORRELATION COEFFICIENT. A meas- 
ure of the dependence of one quantity on 
another. 


CORRELATION ENERGY. The energy as- 
sociated with the coi relation effect in a metal, 
i.e., the tendency for electrons to keep apart, 
and hence for (he positions of any two not to 
be entirely independent. It represents a cor- 
rection to a naive calculation of Coulomb 
energy. 

CORRESPONDENCE PRINCIPLE. T}u‘ 
lirinciplc that in the limit of liigh quantum 
numbers (he jiredirtions of quantum theory 
agiec with those of classical pliysics. 

CORRESPONDING STATES, LAW OF. If 

any (wo or more bubstances have (he same 
reduced pressure ((he same fraction or mul- 
tiple of tlieir respective critical pressure) and 
are at ec^ual reduced temperature (the same 
fi action or mulliiile of their respective criii- 
eal t(‘mperature) , tlieir reduced volumes 
‘'hoiild be efpial. The^p substanci^h are saifl 
(o ho in corresi)ondmg states. (See also criti- 
cal slate.) 

CORTI, ORGAN OF. A center of nerve 
leiiiiinnls located in the imu'r ear, adjacent, 
to the basilar membrane. 

COSET. If .V is an (‘leinent of a group (I, 
not contained in one of its subgroups II, then 
the set of elements II \ is called a right c()s( ( 
and XII is a left coset. (V)se(s are not groups 
because they do not contain E, the unit cle- 
ment. They are called in German, however, 
^‘Nebengruppen.” 

COSINE EMISSION LAW. A law relating 
to (lio emission of radiation in different di- 
rections from a raiiiating surface. If a small, 
white-hot metal plate is viewed from a great 
distance, its a[)parent candle power, measured 
by a photometer, is greatest wdien it is per- 
pendicular to the line of sight, and reduces 
to practically zero when it is turned edgewise. 
If the observer now moves nearer, he finds 
that this change is due to the smaller angle 
subtended by tlie surface, that is, the smaller 
cross-section of the beam jirocecding from it 
in his direction; and that the apparent bright- 
ness of the surface is the same however it is 
turned. To apply this, let the radiating sur- 
face, of area a, be emiding a luminous flux L 
(lumens) in the iionnal direction (see fig- 
ure), and, in any other direction making an 
angle 6 with the normal, the smaller quan- 
tity L'. Then since the apparent brightness 
is unchanged, I//a' = L/a, This gives L'/L 
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= a'/a. But a'/a = cos Oj hence L' = L cos 
0; which moans tliat llie energy emitted in 
any direction is fu'oportional to the cosine of 


I 




the angle which that direction makes with 
the normal. This is the “cosine emission law’^ 
of Lambert. It applies to thermal radiation 
as well as to light, and to diffusely reflected 
as well as directly emitted radiation. The 
law is true only for a iH*rfocily dilTiising sur- 
face, strictly, for a black body, but it is a good 
approximation to the behavior of many sur- 
faces. 


COSINE WINDING. See winding, cosine. 

COSMIC RADIATION, CASCADE THE- 
ORY OF. See cascade theory (of cosmic 
radiation.) 

C:0SM:IC-RAY decay electrons. Elec- 
trons in the soft component of cosmic rays 
which originate Irom the decay of mesons. 

COSMIC-RAY KNOCK-ON ELECTRONS. 

Electrons in the soft component oi cosmic 
rays whirli originate in the direct impact nf 
fast mesons with the orbital electrons ot t], 
oxygen and nitrogen aioiiis of the atnui'-phere. 

COSMIC-RAY MESONS OR MESOTRONS, 

Any of several cUanentary jiarticles found in 
co'-mie radiation. They may he charged with 
either sign, or neutral, and ar(' char/icterized 
hy masses intermediate ladwiaai that of the 
electron and the proton. Tliey are unstable, 
with mean lives ranging from 10 seconds 
to 10 seconds. (See meson.) 

COSMIC-RAY METER, MILLIKAN. A de- 
vice consisting of an ionization chamber and 
quartz-fiber electroscope used to record the 
intensity of cosmic radiation. 

COSMIC-RAY SHOWER. A phenomenon 
characterized by the simultaneous appearance 
of a number of downward-directed, light, 
ionizing particles, sometimes accompanied by 
photons, and having a common ultimate ori- 
gin in an event caused by one cosmic ray. 


CPSMIC-RAY TRACKS, HEAVY. Tracks 
found m cloud chambers and emulsions ex- 
posed to cosmic radiation at very high alti- 
tudes. They are due to relatively heavy par- 
ticles wdth atomic numbers ranging from 2 
to 41. 

COSMIC RAYS. A highly penetrating radia- 
tion apparently reaching the earth in all di- 
rections from outer space. The existence of 
this radiation was first susptct(*d from the 
discharge of electroscopes in air free from all 
knowm ionizing influences, tlie rate of dis- 
charge increasing as the electroscope was car- 
ried to liigher altitudes. (See ionized gases. 1 
The atmosphere apparently absorbs a meas- 
un^ble ])()rtions of the rays, but traces of their 
efiVet persist even at depths of many feet be- 
low' w’at(T or bc^ow the ground. Professor 
It. A. Millikan and ]n^ associates, who have 
studied the distribution and ab‘5(a‘ption of the 
raA's very tlioroiighly, find fliat the rays are of 
nearlv tlie same mlen‘^ity from all parts of 
the eoJcstial sphere, and that, avS they proceed 
thiongh an absorbing medium, tliey sho^v evi- 
(IciK'e of unequal absorption rates. Experi- 
mental observations show tlmt the cosmic 
lays entering (»ur atmosiihere are almost en- 
liix'Iy composed of positively-charged atomic 
nu<‘lei. About two thirds of these so-called 
primary cosmic rays are protons, and the 
otluT third fhv mass) are about 00 per cent 
a-partidcs and 10 per cent heavier nindei like 
carbon, nilrogcm, oxygen, iron, etc Tiion 
entering I he atinosfdiore, .a high-energy pri- 
mary particle soon collides with another 
atomic nucleus, syilitting one or t)cl!i particles 
into a Tiumher of smaller nuclear (ragments, 
each one of wlneli carries aw’ay some of the 
j)rim;iTW"’s rnerjjv. These high--]>ccd particles 
in turn collide with other nuclei. fuHher di- 
viding (hrir ent'rgy to produce other high- 
speed particles All of these wdth the ('xcep- 
tion of the primary jiarticle are eall(‘d. sec- 
ondary c(»smic rays. 

Mesons of various kinds are pr(\sent in cos- 
mic rays, being formed most generally by 
eolli'-don of primary cosmic raj^s with air nu- 
clei, high ill the atmospliere. In tliese col- 
lisions positively and negatively charged 
:r-mesons are produced, along wdth neutral 
TT-mesons, and other nuclear particles, as 
stated above. The charged 7r-mesons decay 
principally into charged ^t-mesons and neu- 
trinos; and the /t-mesons decay in turn into 
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electrons and neutrinos. The uncharged 
TT-mesons decay into y-rays, which create in 
the upper atmosphere cascade showers of elec- 
trons by electron pair-production and brems- 
stralung. 

COSMIC RAYS, ALTITUDE EFFECT ON. 

The intensity of cosmic rays as a function of 
altitude shows a maximum at a distance be- 
low the top of the atmosphere corresponding 
to a pressure of about 45 mm Hg. Tliis maxi- 
mum is due to the interaction of primary cos- 
mic raj^ particles of extremely high energies 
with atomic nuclei in the top layer of the 
atmosphere. 

COSMIC RAYS, EAST-WEST EFFECT ON. 

The cast-west asymmetry in the number of 
charged cosmic ray particles observed on the 
earth caused by the deflection of the cosmic 
rays by the caitli’s magnetic field in combi- 
nation with the rotation of the earth from 
west to east. 

COSMIC RAYS, LONGITUDE EFFECT 

ON. The variation in cosmic ray intensity 
along the equator as a function of longitude. 
It may be interpreted as an indication that 
the earth’s magnetic field, even at great 
heights, is not symmetrical. 

COSMIC RAYS, MAGNETIC LATITUDE 
EFFECT. The variation in cosmic ray in- 
tensity with magnetic latitude, caused by the 
deflection of charged cosmic ray particles by 
the earth’s magnetic field. 

COSMIC RAYS, RELATION TO NEU- 
TRONS AND OTHER PARTICLES, Neu- 
trons in the atmos])hcrc are probably the re- 
sult of interactions between cosmic ray par- 
ticles and atomic nuclei in the atmosphere. 

COSMIC RAYS, PRIMARY. See cosmic 
rays. 

COSMIC RAYS, SECONDARY. See cosmic 
rays. 

COSMIC RAYS, SOFT COMPONENT OF. 

That portion of cosmic radiation which is ab- 
sorbed in a moderate thickness of an absorber 
(usually 10 cm of lead). It consists mainly 
of electrons, positrons, ana photons, but con- 
tains some slo\^ i^sons^ slow protons, and 
other heavy particles often present in cosmic 
radiation. ‘^ee cosmic rays.) 


COSMOLOGICAL CONSTANT. Coefficient 
A of the extra term added to the Einstein law 
of gravitation to make it 

Rfifi "I” 

Introduced by Einstein in order that the proper 
pressure 

Sir \ 

be positive for an Einstein universe of radius R. 

COSMOLOGICAL MODELS, Constructs 
of the universe as a whole; speeifieally, mod- 
els of the universe based on the Einstein law 
of gravitation. (See Einstein universe; dc 
Sitter universe; expanding universe; continu- 
ous creation hypothesis.) 

COSMOTRON. A particle accelerator ca- 
pable of act derating particles to energies of 
billions ol electron volts; siiecifically the pro- 
ton accelerator at Brookhaven National f>ab- 
oratory, Long Island, N. Y. 

COTTON-MOUTON EFFECT. A dielectric 
placed in a magnetic field may become 
double-refracting with retardation 6 of the 
ordinary ray over the extraordinary ray given 
by 


in which Crri is the Cotton-Mouton magnetic 
birefringence constant, I is the distance in the 
dielectric traversed by the light and II is the 
magnet ic field strength. This is not the mag- 
netic Kerr effect which is a rotation of the 
plane of i)olarization. 

This elTeet is some thousand times greater 
than the Voight effect and is not related to 
the Zeeman effect. 

COTTRELL HARDENING. Impurity atoms 
differing in size from those of the solvent can 
relieve hydrostatic stresses in a crystal by 
migrating to the dislocations about which 
they cluster and form an atmosphere. The 
dislocations are thus locked, and the mate- 
rial cannot yield readily to applied stress. 

COTTRELL LOCKING. The mechanism 
by which an atmosphere of impurity atoms 
can prevent the movement of a dislocation 
line. 
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COTTRELL METHOD. See boiling point, 
methods of determining elevation of. 

COUETTE FLOW. A two-dimensional 
steady flow without pressure gradient in the 
direction of flow and caused by the tangential 
movement of the bounding surfaces. The 
only practicable type is the flow between con- 
centric rotating cylinders, although the flow 
between parallel planes with uniform rela- 
tive velocity is used in the elementary dis- 
cussion of viscosity. 

COULOMB. A unit of electrical charge, ab- 
breviation coul or ('b. 

(1) The absolute coulomb is defined as the 
amount of electrical charge which crosses a 
surface in one second if a steady current of 
one absolute ampere is flowing across the sur- 
face. The absolute coulomb has been the 
legal standard of quantity of electricity since 
1950. 

(2) The International coulomb, the legal 
standard before 1950, is the quantity of elec- 
tricity which, when pass(‘d through a solu- 
tion of silver nitrate in water, in ac’.cordance 
with certain definite specifications, deposits 
0 00111,^00 gm of silver. 1 Int. ooul = 
0.999S35 abs. coul. 

COULOMB DEGENERACY. Identity of 
the energy levels of a charged particle hound 
in a (\)ulomb field for different values of the 
oriulal angular momentum, provided that tin 
P'*ineipal quantum number and spin slate i‘_ 
the same, e g., the 2S and 2?.,^ states of the 
hydrogen atom. (See Lamb shift.) 

COULOMB ENERGY. That part of the 
binding energy of a solid associated with the 
electrostatic interaction of the ions and elec- 
trons. In tlie case of metals, wIuto the elec- 
trons are not localized on the ions, this energy 
has presented serious problems, which have 
to some extent been overcome by the Bohm 
and Pines method. 

COULOMB LAW (ELECTROSTATICS). 

The force between two ]>oint charo-cs in fvf^o 
space is a pure attraction or repulsion, and is 
given by 



where <71, <72 are the magnitudes of the charges. 
T is their separation, and co is a constant of 


nature. The numerical value of €0 depends 
upon the system of units used (see electric 
constant). When the charges are immersed 
in a homogenous medium, which extends to 
distances much greater than r in all direc- 
tions 

where c is the permittivity, or absolute dielec- 
tric constant of the medium. 

COULOMB LAW (MAGNETISM). The 
force between two magnetic poles is given by 

jr, 

where /x is the absolute permea})ility of the 
intervening medium. (Contrast Coulomb 
law (electrostatics) wherein the dielectric 
constant of the medium occurs in the denom- 
inator.) Because isolated magnetic poles do 
not (‘xist, the law is a highly artificial con- 
struct. It is now largely replaced by laws of 
interaction between cun'cnts (see Ampere 
law; Biot-Savart law) combined with the dc- 
floclion of a magnetic dipole. 

COULOMBMETER OF COULOMETER. 

An electrolytic cell used for the measurement 
of llie quantity of electricity passing through 
a circuit; also called “voltameter.” The in- 
tej-natioiial coulomb (and ampere) are based 
on llic amount of silver deposited in the elec- 
trolysis of a silver nitrate solution. 

COUNT (RADIATION MEASUREMENTS). 

(1) In a radiation counter, a single response 
of the counting sysicm. See also count, tube. 
(21 The external indicatiem of a device de- 
signed to ciuiineratc ionizing events. It may 
refer to a single detected e^'e^t or to the total 
registered in a given period of time. The 
term is loosely used to designate a disintegra- 
tion, ionizing event or voltage pulse. 

COUNT, BACKGROUND. (1) In a radia- 
tion counter, a count caused by radiation 
coming from a source other than that being 
measured. (2) The totality of background 
counts as defined in (1). 

COUNTER. (1) A device for counting ioniz- 
ing events. The term may refer to a com- 
plete instrument or to the detector, usually a 
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device of the Geiger or seintillatioii type. (2) 
A device capable of cliangiiig from one to 
the next of a sequence of distinguishable states 
upon each receipt of a discrete input signal. 
The term counter is in some cases used to 
mean accumulator. (3) In mechanical ana- 
log- computers, a mean.s for measuring the 
angular displacement of a shaft. 

COUNTER, BORON. A counter filled with 
BFa and/or having electrodes coated with 
l)oron or boron compounds used for detecting 
slow neutrons by the (n,a) reaction of 

COUNTER CHAMBER, CYLINDRICAL. 
A counter (‘hamher consisting of a cylinder 
acting as one electrode and fine wiie coaxial 
Mith the cylinder acting as the other electrode. 
The r 3 dindor is usually the cathofle, anti the 
wire the anode. 

COUNTER CHAMBER, PARAIXEL- 
PLATE. A counter chamber willi plane par- 
allel electrodes. 

COUNTER CHARACTERISTIC CURVE. 

The curve of the counting rate of a counter 
of the Geiger type, against applied voltage, 
all pulses counted being greater than a cer- 
tain minimum size, detcTinined bv the sensi- 
tivity of the receiving cireuit. (See counter 
plateau; counting rate cuiwcs.) 

COUNTER, COINCIDENCE. An arrange- 
ment of counters and circuits ^\hich ret'onK 
the occurrence of counts in two or more de- 
tectors .simultaneously or within an assignable 
time interval. 

COUNTER, CRYSTAL. A counter utilizing 
one of several known crystals which arc ren- 
(h'r('d momentarily conducting by ionizing 
events. 

COUNTER DEAD TIME. In a radiation 
counter, the time from the start of a eounted 
pulse until a succeeding pulse can occur. 
(See also counter recovery time.) 

COUNTER EFFICIENCY. Of a radiation 
coimter tube, the probaliility that a tube 
count will take place w’/i a specified par- 
ticle or quantum incident a specified man- 
ner. 

COUNTER ELECTROMOTIVE FORCE. 
See clectrotitviiive force, counter. 


COUNTER, EXTERNALLY -QUENCHED. 

A radiation counter that requires the use of 
an external quenching circuit to inhibit 

reignition. 

COUNTER, FIELD EMISSION IN. The 

emission of an electron from the surface of 
the cathode of the counter under the influence 
of the field cif an approaching ion. The ion 
is then neutralized by the electron. 

COUNTER FILLING SYSTEM. A system 
consisting of a gas and/or vapor resoiw'oir, a 
manifold for atlacliing counters, and a vac- 
uum system, usc'd for the evacuation and fill- 
ing ('f the counter tubes. 

COUNTER, GAS. A radiation counter in 
which the sample is prepared in the fonn of 
a gas and introduced into the counter tube 
itself. 

COUNTER GAS AMPLIFICATION. In 
counter terminoloj^^-, the ratio of the cliarge 
collected to the cliargo liberated by the ini- 
tial ionizing event. • 

COUNTER, GAS-FILLED. A gas tube, in a 
radiation counter, used for the detection of 
ra<liation hy m4‘ans of gas i()iiiza(i()n. 

COUNTER, GAS FI.OW. A radiation coun- 
ter in which an rqipropriate atmosi)hi*ro is 
maintained in the counter tube hy allowing 
a suitable gas to flow slowly through the 
^ oluiue. 

COUNTER, GEIGER. (1) A radiation 
counter designed to operate in the Geiger 
region, (2) A radiation counter having a 
])oint or small sphere as its central electrode. 
This Usage is obsolescent. (Sec counter, 
point.) 

COUNTER, GEIGER REGION OF. See 
Geiger region of a radiation counter. 

COUNTER, GEIGER THRESHOLD OF. 
See Geiger tlu*eshold of a radiation counter 
tube, 

COUNTER, INITIAL IONIZING EVENT. 
See initial ionizing event. 

COUNTER LIFE (TIME). The life or life- 
time of a radiation counter tube is the num- 
ber of counts which that counter tube is ca- 
pable of detecting before becoming useless due 
to internal failure for any reason (c.g., gas 
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decomposition or wire pitting, etc.)- The life 
is not a time but a measure of the amount 
of use. 

COUNTER, LOCALIZATION OF DIS- 
CHARGE IN. Tlie discharge in the Geiger 
region of a radiation counter normally .‘.preads 
the entire length of the central wire in both 
non-selfquenching and selfquenching coun- 
ters. A reduction in the field near the central 
wire by some artificial means, such as the 
prc.sence of an insulating head, will interrui)t 
or localize the spread of the discharge in a 
sclf<|ucnching counter. This is not the case 
in non-selfquenching counters since irhoto- 
electrons from the cathode sprc.ad the dis- 
charge beyond the obstach'. 

COUNTER OPERATING VOLTAGE. The 

voltage acro.ss a radiation counter, when oper- 
ating, measured between the anode and the 
(‘.'uIkkU*. 

COUNTER OVERSHOOTING. A radiation 
counter is <=aid to overshoot if the change m 
))ot('ntial of the wire is greater than the coun- 
ter overvoltage. 

CIOUNTER OVERVOLTAGE. In a radia- 
tion counter, the auiouiiL by Avhich the applied 
voltage exceeds the Geiger-Mueller threshold. 

COUNTER, PARALLEL PLATE. . . radia- 
tion counter using parallel plate electrodes. 

COUNTER, POINT. A radiation counter, 
in whieli the central electrode is a point 
((tciger counter) or a small sphere (Oeiger- 
Klcmporer counter) . 

COUNTER PLATEAU. The region of the 
counter characteristic curve in which the 
counting rate is substantially independent of 
voltage. The counter is normally operated in 
this region. 

COUNTER, PROPORTIONAL. A radiation 
counter designed to operate in the propor- 
tional region. 

COUNTER, PROPORTIONAL, FOR 
HEAVY {« AND p) PARTICLES. A radia^ 
tion counter operated under conditions such 
that the pulse produced is iiroportional to the 
amount of ionization created by the incident 
particle. It can thus be used to discriminate 
heavy particles (a-particlcs, protons, an 
deuterons) from jS-rays and y-rays; it can 


also be used to obtain the energy spectrum of 
the incident particles. 

COUNTER, PROPORTIONAL, FOR NEU- 
TRONS (FAST). A radiation counter con- 
taining methane or other hydrogenous gas 
or vapor together with a noble gas such as 
argon. Fast neutrons collide with hydrogen 
nuclei in the methane and give up their energy 
to the latter. 1'he^e i*ecoiI protons then ionize 
the argon to produce a pulse. 

COUNTER, PROPORTIONAL, FOR NEU- 
TRONS (SLOW). A radiation counter con- 
taining a gas (normally boron trifluoride) 
vhich ])roduccs a-particles through the re- 
act j on 

rf + + sLi' + 0- 

The a-parlicle and Li^ nucleus then produce 
an ionization pulse in the lioron trifluoride 
gas. The r(‘action has a cross-section which 
is inversely proportional to the velocity of 
the incident neutron, hence the counter is 
ii^ed for the detcadion of slow (thermal) neu- 
trons. 

COUNTER RECOVERY TIME. In a radia- 
tion counter, the mmimmn time from the 
start of a coiintf'd pulse to the in.^tant a suc- 
ceediiiii: pulse can attain a specific percentage 
of the maximum value of ihc counted pulse. 

COUNTER REIGNITION. A pi’oeess by 
which multiple eouiits are gencTated within a 
counter by at (ins or molecules excited or ion- 
ized in the discharge accompanying a tube 

count. 

COUNTER RESOLVING TIME. The min- 
imum time interval bedween counts that can 
he detected. The word may refer to an elec- 
tronic cireiiit. to a mechanical recording de- 
vice, or to a radiation counter. In the latter 
case, this (jiiantity pertains to the combina- 
tion of tube and recording circuit. 

COUNTER, SCINTILLATION. A device 
consisting of any of scAcral transparent phos- 
phors together with a photomultiplier tube 
wdiicli detects ionizing particles or radiation 
by means of the light flash emitted w'hen the 
radiation is absorbed in the phosphors. Com- 
monly-used phosphors are zinc sulfide, cal- 
cium tungstate, stilbene, anthracene, naph- 
thalene, or thallium-activated sodium iodide. 
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COUNTER, SELF-QUENCHED. A radia- 
tion counter in which reignition of the dis- 
charge IS inliibitcd by internal processes. 

COUNTER SPURIOUS TUBE COUNTS. 

Counts in radiation counter tubes other than 
background counts and tliose caused by the 
source measured. Spurious counts arc caused 
by failure of the quenching process, electrical 
leakage, and the like. Siiurioiis counts may 
seriously afleet measurement of background 
counts. 

COUNTER STARTING POTENTIAL. The 

voltage which must be ajiplied to a radiation 
counter of the Geiger type to cau^e it to count, 
with the particular recording circuit which 
may be attached. The jiotential is not neces- 
sarily the same as, and generally is not equal 
to, tlic Geiger-Mucllcr threshold although 
tliore is some usage of tlie term “threshold” to 
denote starting iiotential 

COUNTER, THIN-WINDOW,” THIN- 
WALL.” A radiation counter in s\hich a 
portion of the enclosure is of low absorjition 
to peniiit the entry of short-range radiation. 

COUNTER TIME LAG (STATISTICAL). 

The time betwe('n the occurrence of the pri- 
mary ionizing event and the occurrence of the 

count in the counter. 

COUNTERBALANCING. Count erbalanc- 
ing means simply the apfdioation of extra 
mass to a system in ohUt to jiroduce balance 
for the system as a ^\hole, and to offset the 
unbalance arising from some paiticiilar part 
Kotatmg machinery, esjiocially liigh-spoed 
machinery, needs to he counterbalaiieod if the 
center of gravity of the rotating mass does 
not lie on the axis of rotation Hoists are fre- 
quently counterbalanced so that a descending 
weight will supply some of the energy re- 
quired for hoisting the non-iisefiil load. Nu- 
merous examples of counterbalancing will be 
found in evervday practice, but those cases 
associated with the counterbalancing of high- 
speed rotating machinery are the most im- 
perative of solution. 

COUNTERPOISE. A svstem of wire.s or 
other conductors, elevaifG above and in- 
sulated from tly' ground, forming a lower 
system of condar oi-s of an antenna. 

COUNTI^ ^ CIRCUIT. A scaling circuit. 


COUNTING RATE. The average rate of oc- 
currence of ionizing events as observed by 
means of a counting system. 

COUNTING-RATE CURVES. A curve of 
counting rate vs. applied voltage in a radia- 
tion counter generally shows an initial sharp 
rise at the threshold voltage, a more-or-less 
flat region (constant count rate) known as the 
plateau, and then a sudden sharp rise. The 
counter is usually operated in the plateau 
region. 

COUNTING-RATE METER. A device 
vhich gives a continuous indication of the 
average lale of ionizing events. 

COUPLE. As a usual tlnng tlie action of two 
forces on a body can be du{)licated by a single 
toree, ocpial to tlieir resultant, acting at their 
center ol pressure. Tv\o parallel forces of 
etiual magnilude but opposite directum e<in- 
not 1)0 reduced to a single force unless tliey 
are acting along the same line. They form 
n couple The elt(‘cl of a couple upon a body 
IS indo])endenl ol the location of that coutfle 
with res[)eet to ilio body. "J'he net action of 
several couple's all m the same plane on a 
body is e(pial io the algebrau' sum (d the mo- 
ments of the 00111)10*5, the sign being deter- 
mined lioin the direetion of rotation which 
the coufdc ti'iuls to give The moment of a 
couple is the piodiu 1 of the iierpendicular dis- 
tance between the forc(‘s and one of the forces. 
The action ol any force, acting at any par- 
ticular })omt on a bodv, upon another point 
lying in tlu* plane of the force can be resolved 
into another force of the same magnitude act- 
ing at the do'-ired ])oiiit plus a couple. For 
exanqile, let F be any force acting at point a, 
and b any oilier point at distance d from the 



line of action of F. At point b place two equal 
and opposite forces F and F' which are paral- 
lel to the direction of the original force F. 
Then F' at b and F at a form a couple Fd, 
leaving F wdiich acts through point b. The 
effect on point b of the latter force and the 
couple is the same as the effect of the original 
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force F acting at a. Thus it is seen that it is 
possible to replace a force acting at a with 
an equal force acting at 6, and the couple Fd, 
where d is perpendicular distance from b to 
the force F in its original position The dis- 
tance d IS called the arm of the couple. 

COUPLE, ARM OF (MOMENT ARM). The 

perpendicular distance between the lines of 
action of the two forces which constitute a 

couple. 

COUPLE, MOMENT OF. The product of 
the force and the arm of a couple. 

COUPLE, THEOREMS ABOUT. (1) The 

moment of a couple has the same value uhen 
moments of each force are taken about any 
axis perpendicular to th(' plane of the couple 
(2) A rigid body acted upon by a couple is 
in ti anslational equililuiuni, but not rota- 
tional e(imlil)iium (3) A system of forces 
acting on a rigid body can he replaced bv a 
single foice acting at an aibitrarv ixnnt of 
the body and a eouph* \sho'-e axis is jiarallel 
to tlie line of ad ion of the force. 

COUPLED CIRCUIT. See circuit, coupled. 

COUPLED OSCILLATOR. Sec oscillator, 
coupled. 

COUPLER, HETHE - HOLE DIREC 
TIONAL. V diKdional eouph'r coupler, 

dinx'tional) in wliuh diicctivitv is ohi uiied 
by the simultaneous i^e oi nrigiudK* and elec- 
tne coupling trcmi the iiiiiii line (o tin juxii- 
laiy line Coiqding lakes plate ti lough a 
hole m a broad face ecunmon to tlie tno 
guides, the clectne and magnetic eouphng are 
made canial by lotating the auxiliary guule 
about the coupling hokx 

COUPLER, CAPACITANCE-LOOP DIREC 
TIONAL. A eoinbiiied magnetie-eledn(‘, 
field-coupling, directional coujik*! in uliieli a 



Capacitance-loop diiectional cnuplcr (Bv permission 
from ‘‘Microwave Theory and Techniques” by Reich 
ak, Copyright 1953, D. Van Nostrand Co., Inc.) 


coupling link, short in length compared to a 
quarter wavelength, is placed lengthwise in a 
waveguide. At frequencies remote from the 
guide eiitotf frequency, this type of coupler 
Ins little Iroquency sensitivity. (See coupler, 
directional.) 


COUPLER, DIRECTIONAL. A directional 
coupler IS a junction between four pairs of 
terminals, as slnmn in the figure, having such 



Bevu ( oui)Jt I (Bv permission from “Mi- 

ti(i\\a\( Ihtoiv and Technujues” bv Kcuh et al., 
C’oi)v?iKht 1) Vail No.siian<l Co, Inc) 


eluiraeterislics that there is fnx transfer of 
power, wjtliout idledion between terminals 
A and B and no transfer of power between 
teiminals A and C or between terminals B 
and I) Idiiis an indn^ation ol jiower at jioint 
I) nulicatcs that power is flowing from A to 
B while an indication at d inrlicates power 
How Iroin B to .1 The coupling factor is de- 
fined bv tlie relationship: coupling 1 actor — 
U) logio {P\/Pi))di)y while the directivity is 
deliiiod by the filiation : directivity = 10 logio 
(Pi) 

COUPLER, DIRECTION \L, TWO-HOLE. 

A ty])e uf directional coupler operating upon 
the tntc niia-aiiay p’lnciph* It con«>ists of 
two sedious ot waveguide with a common 
•-idc wall (wall jmraMel to tlie eh>etric field) 
in whuh are two hok*'>> sprteed longitudinally 
b\ !i(' di''l.ni(i > Waxf'') tiavehng from A 



To]) MOW of 2-li()lo LouplfT f'Bv poiinis«;ion from 
“Murowcivc Phooiv rind Ti ihrufiiios” bv Reich et al., 
CopviiRht 1953, I) Van Nostrand Co, Inc) 

to D lluouKh the two holes arrive in phase, 
and reinforce each other, while the waves ar- 
riving at C iiave a phase difference, which 
causes cancellation. Because of the d^end- 
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ence of the amount of phase shift upon the 
length S, this coupler is frequency-sensitive. 
(See coupler, directional.) 

COUPLER, SCHWINGER. A ^^reverse- 
coupling^^ type of directional coupler (see 
coupler, directional) in which coupling is be- 
tween the longitudinal magnetic field in one 
guide, and Ihe transverse magnetic fu'ld in 
tlie other. Variation of directivity with fre- 
quency is small in this type of couf)ler. 

COUPLING. (1) An interact ion between 
systems, or between jiroperties of a system. 
When there is little interaction, the ooujding 
is sometimes said to be loose; with consider- 
able interaction, it is called tight. (2) In 
induction healing usage and other induction 
apparatus, the percentage of tlie total mag- 
netic flux produced by an inductor which is 
efifcctive in heating a load or charge. 

COUPLING APERTURE (COUPLING 
HOLE, COUPLING SLOT). Aperture in 
wall of waveguide or cavity resonator de- 
signed to tr<ansf(‘r energ>’ to or from an ex- 
ternal circuit. 

COUPLING CASES. 'Phe difTerent angular 
momenta in the molecule— electron sj)in, elec- 
tronic orbital angular momenlum, angular 
momentum of nuch'ar rotation — form a re- 
sultant that is always designated J, as in the 
total angular moincntum of an atom (in both 
cases disregarding nuclear spin). If the spin 
S and the orbilal angular inomentuin A of 
the electrons are zero--that is, if we have a 
^2 state — tlic angular inomentuin of nuclear 
rotation is identical wuth the total angular 
momentum J. In all other cases one must 
distingiiisli different modes of coupling of the 
angular momenta, as was first done by Iliind. 
For detaih’d dis(‘ussion of the Ilund coupling 
eases, see Tlerzberg, Spectra of Diato^nic 
MoJecvles, Second FaI. (Van Nostrand, New 
York, 1950). 

COUPLING CHOKE. A coupling method 
for electronic amplifiers in which the load 
impedance for a given stage is a choke coil 
or inductance. (See coupled circuit.) 

COUPLING CONSTANT. A number as- 
signed, especially in the rieson theory of 
nuclear forces and p-decay llieory, as a meas- 
ure of the strength of the interaction between 
the particles involved, by analogy with the 
electric charge* which is the coupling constant 


between electrons and radiation. In a field 
theory, the total energy operator can be wu*it- 
ten as II -- Ho + //', wdiere Hq represents the 
energy of the matter plus the energy of the 
radiation (the term radiation used here in 
the general sense, and covers for example, the 
electron-neutrino field in the case of )9-decay) 
and ir represents the interaction energy. As- 
suming that IF is jir()])or(ional to a matrix 
element, or component thereof of simple 
form: IF =- gM^ the numerical factor g is 
called the coupling constant. Transition 
jirobabilil i(N arc proporlional to g^ as well 
as M“. (See Fermi constant.) 

COUPLING, CRITICAL. See critical cou- 
pling. 

COUPLING, DIRECT. A coupling mctlu.d 
lor eh'ctromc amplifiers which extends the 
frecpK'ney response dowm to zero trequeney 
or d-c. This is acliit'ved l)y connecting the 
oiitjuit of one stage to the injnit of the otluT 
directly or thrf>ugh some non-lrequency-sonsi- 
tivc element, such as a rc'sistor or battery, ^ 

COUPLING, The interaction between 
two or more ]>articlf^s, all exhibiting spin- 
orbit coujiling. (See coupling, spin-orbit.) 

COUPLING, LS-. See coupling, Russell- 
Saunders. 

COUPLING LOOP. A device for coupling 
an external circuit to a waveguide or resona- 
tor. It consists of a small loop placed at or 
near a point of high magm'lic field strength 
in the guide or resonator, and turned in such 
a position tliat its iilane is rioruial to the flux 
lines. It is designed 1o transfer energy to or 
from the external circuit. 

COUPLING, POSITIVE. The coupling (or 
mutual inductance) between a pair of coils 
may be cither positive or negative according 
to the choice of reference direction in the cor- 
rcs])onding meshes. If an increasing current 
m one coil induces a voltage in the other, hav- 
ing the same sense as an increasing current 
in the second coil itself would produce, the 
mutual inductance is positive. 

COUPLING PROBE. A device for coupling 
an external circuit to a waveguide or resona- 
tor. It consists of a probe parallel to the 
electric field of the guide or resonator at or 
near a point where the electric field has its 
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maximum value. It is designed to transfer 
energy to or from the external circuit, 

COUPLING, PSEUDO-SCALAR. See 
pseudo-scalar coupling. 

COUPLING, PSEUDO-VECTOR. See 
pseudo-vector coupling. 

COUPLING, RESISTANCE - CAPACI- 
TANCE. A coupling method u^ed in elec- 
tronic amplifiers which employs resistance 
elements for the load impedance of tlie stage‘s. 
A cajiacitor connects tlic output of one stage 
to the input of the next for a-c and transu'iit 
signals without disturbing the d-c o]K'ratuig 
jioints of either stage, (See coupled circuit.) 

COUPLING, RUSSELL-SAUNDERS. The 

interaction betwei'ii the resultant orbital angu- 
lar momenta and llie rosultani intnii'^ic anini- 
lar momenta (or spins) of two or more par- 
ticles, 'I'lu' orbital angular momc'ntum and 
the ^piii angular iTKniKMitum veetoi‘s of the 
mdiMdual parlieks aie added separately to 
ubiain a resultant oil)ital and a resultant spin 
angular momentum V(*ctor. The two result- 
ants arc (ben combined vecturially to obtain 
a series of allowed tolal angular momentum 
V('rtors. 

COUPLING, SPIN-ORBTT. The intiraction 
between the intrinsic and orbital angular mo- 
mentum of a particle. In an atom exhibiting 
spin-orbit coupling, the total angular momen- 
tum J is the vector sum of th(' angular mo- 
menta jt of the individual electrons. 

COUPLING, TRANSFORMER. Cascade, 
electronic-amplifier coupling in the load 

impedance of one stage is tlic^ ])rimary of a 
transformer whose secondary drives tlie grid 
of the succeeding stage. (See coupling cir- 
cuit.) 

COUPLING, TRANSITION TYPES. Since 
LS-coupling and ?j-eoupling (see coupling, 
Russell-Saunders, and coupling, jj-) repro.sent 
two extremes, transition ease.s occur. Thus, 
as the value of Z is increased in the elements 
of Group IV (C, Si, Ge, Sn, Pb) the coupling 
changes from pure LS in the first two mem- 
bers to a type which is closer to ;;-coupIing 
in the ease of Pb. 

COUPLING, WEAK. Interaction between 
two particles by means of one or more fields 
wbicli is su( h that the interaction energy may 
be expanded in powers of a dimensionless 


p^arameter which is small compared with 
unity, c.g., coupling of charged particles with 
each other through an electromagnetic field, 
wh(‘re the dimensionless parameter is the fine- 

structure constant. 

COVALENCE. A chemical linkage in which 
the sharing of electrons occurs in pairs, each 
})air being e(|uivalcnt to one conventional 
chemical bond. In the union there is a tend- 
ency for each atom to iiC(iuire an outermost 
layer of eight electrons. In mo^t cases, each 
of the atoms joined by the bond furnishes one 
electron of the pcair, although there are many 
exceptions (see covalence, dative). The tenn 
covalence is oj)poscd to clcctrovalence, in 
w^iich the atoms or radicals are joined by elec- 
tro<-tatic forces due to the actual transfer of 
(‘lectrous from the field of one atom to that 
of tlie other. These differences in structure 
are accompanied by resulting difftrenccs in 
properties. 

COVALENCE, DATIVE. A valonec linkage 
between two atoms in \vhich both the electrons 
forming n covalent bond arc furnislied by one 
of the atoms 

COVALENT CRYSTAL. A crystal held to- 
gether by c()\alont bonds (sec bond, cova- 
lent), as. for example, diamond. 

COVARIANT. See tensor, covariant and 
covariant vector. 

COVARIANT EQUATION, hkiuation wdiieh 
letam*^ Us tonu under transformation to quan- 
tities nu'a^'ured by another observer; more 
puitieularly, under a Lorentz transformation. 

CO VARIANT VECTOR. Any set of four 
funclioiih of the coordinates which under 
a general coordinate transformation 
bc'comes 


COVERSINE, If 0 is an angle, coversine 
6 - covc'ps f) = 1 — sin 

COVOLX^ME. The correctiem term applied 
m certain equations of state, as in that of 
van der Waals, to connect tlie volume of the 
gas for (/n? effect of the volume of the mole- 
cules. This term is not the molecular volume 
itself. 

CPS EMITRON. A British camera tube. 


Cramer Rule — Critical Coupling 


194 


CRAMER RULE. A means for solving a set 
of linear simultaneous equations. If they are 

n 

Vx = 2 A, An, 1 = 1, 2, 3, • , n 

k^\ 

the solutions are 

ar» = (2 /iA” + + ■ • + VnA”') 

\A\ 

where \A\ the determinant of the coefficients 
of Aik and A^^ is the cofactor of Aik 

CRATER LAMP. A glow-discharge tube 

having a solid eylindncal eathode with a 
conical or cratei-slripi‘d depression in one 
end The clcftiode design is siieh that the 
discharge takes place in the crater, pioducing 
a concentrated light souice 

CREATION HYPOTHESIS, CONTINUOUS. 
See continuous creation hypothesis. 

CREATION OPERATOR. An operator 
which, applied to a state \cctor deseiibing 
a s\.stem m which n pai tides ate ])ro&ent, 
yields d ^tat( \ectoi ^ i whuh dcseiibcs the 
system with (a+l) particles present 

CREEP. Plastic flow uiidci constant stress, 
^t low tenif)ciatui(^s the croc ]) rate is iisiiallv 
low, the strain being often found to \aiv as 
the Icigaiithin (jf the tune, but the effect in- 
etcases lathc'i lapidlv with tcunjx tature The 
theoiy of creep is \erv incomplete 

CREST FACTOR OF PULSE. See pulse, 
crest factor of. 

CREST FACTOR OF A PULSE CARRIER. 
See pulse canier, ciest factor of. 

CREST FORWARD ANODE VOLTAGE. 
See anode voltage, peak forward. 

CREST INVERSE ANODE VOLTAGE. 
See anode voltage, peak inverse. 

CRISPENING CIRCUIT, TELEVISION. A 

eiieuit tor pioMcling hv non-lincar means, a 
picture with gi eater definition without in- 
creased bandwidth 

CRIT. The mass of h.-^onable material 
which, under a gn'en set of conditions, is 
critical. Sometime'- applied to the mass of 
an untamped cntioal sphere of fissionable 
material. 


CRITH. A unit of mass equal to the weight 
in grama of one liter of hydrogen at standard 
temperature and pressure, 0 0906 g. 

CRITICAL. In nuclear reactor technology, 
capable of sustaining (at a constant level) a 
chain reaction Prompt critical is capable of 
sustaining a chain icaction without the aid of 
delayed neutrons (See neutrons, delayed.) 

CRITICAL ANGLE. See total reflection. 

CRITICAL ASSEMBLY. An assembly of 
fissionable material plus moderator which is 
capable of maintaining a fission chain reac- 
tion at \eiv low power level and which is 
used mainlv to studv the bchaMor of the fis- 
sionable mateiial und(‘T \aiious conditions of 
geomctiy, comjiosition, etc 

CRITICAL COEFFICIENT. An additive 
piopcrtv of substances which is also a meas- 
uu oi the space aetuallv oeeupied bv the 
molceulcs aiul is piopoitionil to the critical 
volume. It IS expiessed as the latio between 
the (lit leal tcmpciature T„ and the entieal 
picssuie Pt, or 



(Some writ ('IS define the ciitual (ocfficieiil as 
Tc 

the ])io(liie1 • RT — ) 

Pr 

CRITICAL COMPOSITION, stems, eon- 
sistmg ol two liquid la>eis that aie formed by 
the equilibiium between two partlv-rniscibV 
liquids, lieqiiently ha\( a consolute tempera- 
ture or a entieal solution tenipeiature, be- 
yond whidi the two liquids aie miscible in 
all piopoitioiis At this tempci aiiiie, tlie 
})has( boundaiv disa])pears and the two lujuid 
la\cis mcigc into one The coinposiLiun of 
the mixtuie at that ])oint is called the entieal 
composition Thcie is, in some eases, a lower 
consolute temperature as well as an upper 
consolute temperature 

CRITICAL COUPLING. In a tuned-pri- 
niary tuned-secondary tran'^former, tlie elc- 
giee of coupling which causes I he maximum 
secondarv ruirent Thi-5 eontlition a^so pro- 
Mdc'S maximum flatness of the passbmd. If 
the primary and secondarv are tuned to the 
same frequency, the condition for entieal cou- 
pling is: 

uM = Vr^, 
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Critical Density — Critical Potential 


where w is the frequency in radians per sec- 
ond, M IS the coefficient of coupling, and Rp 
and Ra arc primary and secondary resistances, 
respectively (See inductance, mutual.) 

CRITICAL DENSITY. The density of a 
substance which is at its critical temperature 
and critical pressme. 

CRITICAL EQUATION. In nucleai leactor 
technology, an equation i dating paranifteis 
of a reactor which must be satisfied for the 
reactor to be critical- 

CRITICAL FIELD. (1) The magnetic field 
Hi below which the supci conducting transi- 
tion takes place at a givtn temperature Em- 
pirically, a lelation is observed of the foiin 

lie = //o{l - (T/Tef] 

where II ^ is a paiamcter clmiactcnstic of the 
mitcnal, and T is ilie critical temperature of 
the superconductor. (2) Of a magnetron, 
the smilUst tluontic il v iluc of stc idy m ig- 
netic flux density, at a sUkK mode \olti.g(, 
fliit would prevent in oU (tron emitted from 
Ihe cathode at zcio vcloeity, fiom icuhing 
the anode 

CRITICAL FREQUENCY (ELECTRO- 
MAGNETIC WAVF). The limiting Ire- 
(luciuy beknv wliuh a magneto-iunic w xve 
compomnt is reflected by, and ibove which 
it iKnetiates Ihiough, an ionospheric layer at 
veitical incidence 

CRITICAL GRID CURRENT, ^ee grid cur- 
rent, critical. 

CRIIICAL GRID VOLTAGE. See grid volt- 
age, critical. 

CRITICAL HUMIDITY. The w xter content 
of the atinosphtie at which the paitial pres- 
sure of water vapor is cc|ual to the satuiaiion 
vapor pressure Condensation on suitable 
nuclei will occur when the humidity reaches 
or exceeds this value 

CRITICAL INDUCTANCE. See induct- 
ance, critical. 

CRITICAL MASS. The mass of fissionable 
material in a critical reactor (See reactor, 
critical.) 

CRITICAL OPALESCENCE. The phe- 
nomenon produced when a homogeneous so- 
lution of two liquids at its critical composi- 


tion IS cooled from a tcmpeiature above its 
consolute tempei atiire to one below that tem- 
pciaturo This phenomenon consists of a blu- 
ish haze which is believed to be due to the 
scattcimg of light hiought about by local 
vaiiations of denMty within the liquid 

CRITICAL PHENOMENA. The critical 

tempciatuie, pressure, and volume 

CRITICAL POINT. A point where two 
phases, which are continually approximat- 
ing cieh other, income identical and form 
but one phase With a liquid in equilibrium 
with it^ vapoi, the erilieal point is such a 
coinbin ition of temjie ratine and pressure that 
the sp((iri( \oliiTnes of (lie liquid and it*^ va- 
por ue idenlual and iheic is no distinction 
between tlu two •■i itfs The critic il solution 
])omt IS siuh a combination of temperature 
uid ]>ie-suie tli it two other wist partially mis- 
eible iKjUids become consolute. 

CRITICAL POINT, TERNARY. The point 

when upon adding i mutual solvent to two 
])iitiillv misdble liquids (as idding alcohol 
to ether and \atei) tlie two solutions become 
(on'^olute and one plrasc results 

CRITICAL POTENTIAL. In atomic phys- 
ic- the ciitical potential is used in general 
a*- a nreisute of the xmount of eneigy ncces- 
sarv to 1 ii^t an ebdron from a lower to a 
hrghei le^el The term ‘ potentiar* is used 
brciiHc the qi iutity of energy is measured 
bv mem^ oi electrons aceeleratenl bv applica- 
tion of a known potential the energy of the 
cleetrons being given bv tliP product of the 
aeecViating potenlial and the electronic 
eh \rge 

Two kinds of eiitical potentials are the 
ionization potcntiils and the resonance poten- 
ti ils The ionization potential represents the 
v\ork necessary to remove an electron .from 
a normal atom, wherein the election may be 
supposed to be m its lowest level, to an infi- 
nite distance so that a positively charged ion 
results The resonance potential is a meas- 
uie of the \\ork required to laise an electron 
from the lowest level to any other level, and 
therefore, theie are fiiat, second, etc reso- 
nance potentials, coriesponding to the trans- 
fer of an electron from the lowest level to the 
next level, to the next-but-one level, etc. (See 
also critical voltage.) 


Critical Pressure — Crookes Tube 
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CRITICAL PRESSURE. (1) The pressure 
of a vapor at its critical point, defined by 



(2) If a compressible fluid flows from a 
container through an orifice or other constric- 
tion, the volume flow depends on the pressure 
difference across the flow system only if the 
final pressure exceeds a fraction of the initial 
pressure. If either the initial or the final 
pressure is held constant, there is a critical 
pressure separating a regime of flow depend- 
ence on pressure difference from one of inde- 
pendence. The fraction depends on the na- 
ture of the fluid. 

CRITICAL REGION. The region in the 
diagram of state of a substance in the neigh- 
borhood of the critical point. 

CRITICAL SHEAR STRESS. The resolved 
shear stress which is recpiircd to initiate slip 
in a given cr 5 ^stallogr^lpl^o direction along a 
given crystallographic plane of a single ciys- 
tal of a metal, 

CRITICAL SIZE. Any one of a set of physi- 
cal dimensions of ih(‘ core and reflector of a 
nuclear reactor maintaining a critical chain 
reaction, the material and structure of the 
core and the reflector having been specified. 

CRITICAL SOLUTION TEMPERATURE. 

For two partially miscible liquids, the com- 
])Osition of the two conjugate solutions ap- 
proach each other with increasing tempera- 
ture. At tlie critical solution temperature the 
tw^o solutions have identical compositions and 
form one layer. 

CRITICAL TEMPERATURE. (1) The max- 
imum temperature at which a gas or vapor 
can be liquefied (by apjflication of the criti- 
cal jircssure). Above this temperature the 
substance exists only as a gas. (2) Of a 
superconductor, the temperature 7V at which 
the superconducting transition takes place in 
zero magnetic field. 

CRITICAL VELOCITY OF FLOW. If 

above a certain velocity of fiow the nature of 
the flow changes qvalitatively, the velocity is 
critical for the particular flow system. The 
criterion is always better expressed as a criti- 
cal Reynolds number, Mach number, Froude 


number or whatever the appropriate non-di- 
mcnsional parameter may be. 

CRITICAL VOLTAGE (OF A MAGNE- 
TRON). The highest theoretical value of 
steady anode voltage, at a given steady mag- 
netic flux density, at whicli clecirons omitted 
from the cathode at zero velocity would fail 
to roach the anode. (See also critical poten- 
tial.) 

CRITICAL VOLUME. The volume occu- 
pied by unit mass, commonly one mole, of a 
substance at its critical temperature and 
critical pressure. 

CRO. Abbreviation for cathode-ray oscillo- 
scope. 

CROOKES DARK SPACE. See cathode dark 
space. 

CROOKES RADIOMETER. An apparatus 
for detecting small quantities of radiant en- 
ergy, chiefly in the visible and infrared region 
of the eleclromagnelic spectrum. It consi^i^ 
of four arms, each terminating in a metallic 
disc, silvered on one side and blaok(‘ned on 
tlie other, moimtefl on a shaft in an (evacuated 
glass bulb. UjKUi incidenee of radiation the 
assembly begins to nflate a))oui, the shaft. 
'I'his instrument is not a m(‘asure of ^fiight 
pressure.^’ The radiation absorbed by the 
blackened sides of the dl^cs causes those sides 
to be warmer than the polished sides. The 
remaining molecules of the gas rebound more 
rapidly from tb(» W'arm sides, and hence exert 
a reactive force, wdiich is largc^r if the mole- 
cules of residual gas have a mean free path 
which is large eompared with tlie clistance be- 
tw^een the ])L\tes. In this instrument, th(' f)ol- 
ished sides of the discs advance and the dark- 
ened sides retreat. 

CROOKES TUBE. A gas-filled discharge 
tube wdth electrodes at the ends and a pres- 
sure of about 1 mm of mercury. When a high 
voltage direct potential is applied to the elec- 
trodes, the following appear in the tube. 
Starting at the anode (-+• terminal) there is 
(1) a positive column, often striated, (2) the 
Faraday dark space, (3) the negative glow, 
(4) Crookes dark space, (5) cathode glow\ 
The relative sizes of some of these may be 
changed greatly by changing the pressure in 
the tube. At quite high vacuum, the Crookes 
dark space fills almost the entire tube. 
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Crolite — Cross Section, Differential Scattering 


CROLITE. Trade name for a type of ferrite 
material. 

CROSS BOMBARDMENT. A rnetliod of 
deter mination of the atomic number of a 
radioelement, by i^rodueing it by a number 
of different nuclear reactions. As an illus- 
tration, in order to determine the atomic num- 
ber of a 47-day, ^-activity isotope of iron 
produc(‘d by deuteron bombardment, cobalt 
oxide was tr(‘atcd with neutrons of medium 
cnerp^. It w^as observed that a 47-day, /?-ac- 
tivity developed, and that tlu' isotope 
this activity could be extracterl by chemical 
methods for iron. It w^as ('vid(‘nt, tluTefore, 
that deuteron bombarduK'nt of a stable iso- 
tope of iron, and neutron bombardnumt of a 
stable isotoi)e of cobalt, produced the same 
radioisoto[)e of iron. 

CROSS-CONDUCTION. In a reveiNible 
magnetic amplifier. Die simultaneous conduc- 
tion or gating of half-wave elements con- 
nected in a nu'^h containing the a-c supply 
voltage but not the load. 

CROSS COUPI.ING (IN A TRANSMISSION 
MEDIUM) A measure' of the undesin'd 
power traii^-ferred from one ehauncl to an- 
otlu'r. 

CROSSFIRE. Interfering current in one sig- 
naling channel resulting from signaling cur- 
n'nts ill another channel. 

CROSS-HAIR LINES. Fine liiu's (spider 
wTb, silk, fine metal wire, fine liius on a flat 
glass plate) placed nt the exact ])osition of 
the first real image in a teh'seope or micro- 
scope for the pur])Osc of aiding m pointing the 
instnimcnt at a particular jioint of the object. 

CROSS-MODULATION. Modulation of a 

desired signal by an undesire«l signal 

CROSSOVER FREQUENCY. (1) As ap- 
plied to electric dividing networks, the fre- 
quency at wdiich equal electric p(wv('rs are 
delivered to each of the adjacent frequi’iiey 
channels when all channels are terminated in 
the loads specified. (2) The transition fre- 
quency in a tw'o-channel loudspeaker system 
at wdiich the low (wx)ofer) and high (tweeter) 
frequency units deliver enual power. 

CROSS POLARIZATION. The component 
of the electric field vector normal to the de- 
sired polarization component. 


epOSS SECTION. From its original mean- 
ing of a section at right angles to an axis, the 
term cross section has been extended to mean 
a measure of the probaliility of a particular 
process. It is expressed in units of area, al- 
though it is not usually identical with the 
geometric cross section across wdiich the proc- 
ess occurs. For a colli>ion reaction between 
nuclear atomic iiarticles or systems, the 
cross section is an area sur^h that the number 
of reaction-* occurring is equal to the produ(*t 
of numlx-r of target particles or systems mill- 
tiplierl by the numbi'r of incident particles 
which would i).is‘> thnaigh Ibis area at normal 
incidence. If is the number of target nu- 
clei or other jiariicles jier unit area of a sub- 
stance exjiosed to an ineident beam consist- 
ing of 7io particli's, then a -- X/iiorit, wdierc X 
In the number of w i el ions of a siieeified type. 
Nuclear cro-*'^ sections include the cross sec- 
tion for fission, the cross section for slow neu- 
tron capture, the cross section for Compton 
collision and the cross section for ionization 
by electron impact. 

CROSS SECTION, ACTIVATION. The 
cross section of formation for a particular 
radionuclide. It is most commonly used for 
neutron-induced reactions. 

CROSS SECTION, CAPTURE. The cross 
section for radiative capture. 

CROSS SECTION DETERMINATION, AC- 
TIVATION METHOD. The dob'rmination 
of the thermal neutron absorption cross sec- 
tion of a substance by means of tlu' measure- 
ment of the radioactivity of the product 
formed by the neutron absorption. 

CROSS SECTION DETERMINATION, 
TRANSMISSION METHOD. The determi- 
natjon of absorption and scattering cross sec- 
tion by means of the measurement of the loss 
of intensity of the incident beam in passing 
through the substance. 

CROSS SECTION, DIFFERENTIAL. The 
cross section for a nuclear process wdicreby 
an angle is specified (relative to the direction 
of incidence) for the omission of particles or 
photons per unit angle or per unit solid angle. 

CROSS SECTION, DIFFERENTIAL SCAT- 
TERING. Cross section for scattering of a 
particle from its initial velocity to a new" 
velocity, per unit solid angle per unit speed 
at the new velocity. 



Cross Section, Ionization — Cryoscopic Constant 
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CROSS SECTION, IONIZATION. In gep- 
eral, the probability that a particle or photon 
traversing a gas, or other form of matter, will 
undergo an ionizing collision while passing 
through unit length of a volume just sufficient 
to contain one atom. The term is used espe- 
cially in radiation counter technology, where 
it is a measure of the f)robal)ility that an elec- 
tron trav(‘rsing a radiation counter will make 
an ionizing collision with one of tlie counter 
gas atoms. In tlio low voltage region the 
ionization (Tos'< seriion increases linearly with 
the electron energy. 

CROSS SECTION, MACROSCOPIC. (1) 
Cross section per unit volume (prefcMTed). 
(2) Cross section per unit mass or weight.^ 

CROSS SECTION, MICROSCOPIC. Cross 
section jier atom or molecule. 

CROSS SECTION, STOPPING. The same 
as atomic stopping jiGwer. (Sec stopping 
power, atomic.) 

CROSS SECrnON, total. The cross sec- 
tion effective for r(*moving an inculcMit par- 
ticle from a beam. It is tlio sum of the sepa- 
rate cross sections for all i)rocessos by which 
the particle can f)C removed from the beam. 
For e\ami’)le, the total cross section of an 
atom for a nuclear particle is essentially the 
total of the absorption and scattering cross 
sections; for a jihoton it is es^jontiadv the sum 
of the Compton scattering, photoelectric and 
pair production cross sections. 

CROSS TALK. The sound heard in a re- 
ceiver associated VMth a given teleiihone chan- 
nel resulting from telephone currents in an- 
other telephone channel. In practice, cross- 
talk may be measured either by tlie loudness 
of the overheard sounds, or by the magnitude 
of the coupling between the disturbed and 
disturbing ebannels. In the latter case, to 
specify the loinlne^s of the overheard sounds, 
the volume in the disturbing channel must 
also be given. tSee also magnetic printing.) 

CROSSED POSITION. Wlicn nicol prisms 

or other polarizing .systems arc set with their 
axes at right angles (crossed position) no 
light passes. For any optically active mate- 
rial placed between the t ^ o, a resulting ro- 
tation of the phi.ie of [K)larization as pro- 
duced by the first or polarizing nicol will per- 
mit some of the radiation to pass through the 
second or analyzing prism. 


CROVA WAVELENGTH. That wavelength 
in the sj)cctrum of a radiator at any given 
temperature T wliose intensity varies at the 
same relative rate as does the intensity 7 of 
the total radiation. In mathematical form, 
that value of A for which 

dix/rfT __ dl/cIT 

I 

“CROWN-OF-THORNS.” Sec magnetron, 
tuneable, methods of tuning. 

CRT. Abbreviation for cathode ray tube. 

CRUNODE. See node. 

CRYOGENIC SYSTEM. A system in which 
a local temperature lower than the surround- 
ing tem))eiature is produced. 

CRYOHYDRATE. An eutectic system con- 
sisting of a salt and water, having a eonecn- 
tration at wliich complete fusion or sohdiM- 
eation occurs at a definite temperature (eu- 
tectic temperature) as if only one suhstanfc 
w(*re pn'sent. 

CRYOHYDRIC POINT. Die eutectic point 

in cases jn which the system contains w\‘it(‘r. 

CRYOMETER. A low-tcmperaturo ther- 
mometer. 

CRYOSCOPE. An instrument for measuring 
the Ireezing or solidification point. The 
llortvct cryoscope is used for the estimation 
of added water in milk from the lowering of 
the freezing point, 

CRYOSCOPIC CONSTANT. A ciuantity 
caleiilated to represent the molal depression 
of the freezing point of a solution, by the re- 
lationship 


lOOOlf 

in which K is the cryoscopic constant, 7? is 
the gas constant, Tq is the freezing point of 
the pure solvent, and If is tlic latent heat of 
fusion per gram. The product of the cryo- 
scopic constant and the molality of the solu- 
tion gives the actual depression of the freez- 
ing point for the range of values for which 
this relationship applies. Unfortunately, this 
range is limited to very dilute solutions, usu- 
ally up to molalities of Vioo- 
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Cryoscopy — Crystal Field 


CRYOSCOPY. Examination of the freezing 
points of solutions. 

CRYOSTAT. A low-temperature thermo- 
stat. 

CRYPTOCRYSTALLINE. Having a crystal 
form (see crystallography) that is “hidden” 
and difficult to recognize, so that the sub- 
stance appears to be amorphous, e g , flint, 
jasper, etc. 

CRYSTAI.. A macro‘<copic sample of a solid 
substance exhibiting some degree of geometri- 
cal regularity, or symmetiy, or capable of 
showing these properties after suitable treat- 
ment (eg., cleavage, etching, etc). Almo^t 
all pure elements and compounds aie capable 
of fonning crystals 

A perfeef eiystal is one in which the crystal 
structure would he ^hat of an ideal space lat- 
tice. No such crystals (\ist, idl real ciy-t.ils 
containing imptTfeclions which have a sliong 
influence on (he physical projieilu's of the 
crystal. 

CRYSTAL ANALYSIS, ^(c crystal stiuc- 
lure. 

CRYST\L ANGLES. The ehara( teiistic 
(onstant angles between the faces of an^^ 
guen crystal form 

CRYSTAL AXIS. See crystallographic axes. 

CRYSTAL, BIAXIAL. A doubly n fractmg 
<r\s1‘il which h.'i'^ Iwo ophe axes There arc 
two dll e( tarns jiaialkl to wliali lighf iiavcls 
with one definite velocity indejicndr nt of its 
state of polarization Examples: mica, sul- 
phur. turquoise 

CRYSTAL, BIMORPII PIEZOELECTRIC. 
See bimorph cell. 

CRYSTAL BLANK. The result of the final 
cutting operation on a crystal slab. 

CRYSTAL CLASSES. Se e symmetry classes. 

CRYSTALCONTROLLED TRANSMIT- 
TER. See transmitter, crystal-controlled. 

CRYSTAL COUNTER. A device for detect- 
ing high energy particles by the pulse of ciir- 
iciit produced when a particle passes through 
a normally insulating crystal to which a po- 
tential difference is applied. 

CRYSTAL, COVALENT. See covalent crys- 
tal. 


CRYSTAL CUT. A plane section with two 
Iiarallel, major surfaces cut in any orienta- 
tion. 

CRYSTAL CUT, AT-CUT. A quartz plate 
cut from a jdanc that is rotated about an 
-Y-axis so that the angle 0 made with the 
Z-axib 1 ^ approximately 35 5 degrees. It is 
characterized by a &ubstantially-zera tem- 
perature coefficient at a temperature deter- 
mined by the exact value of 6. 

CRYSTAL CUT, BT-CUT. A quartz plate 
(ut from a ])lane that is rotated about an 
.Y-axis so that the angle 6 made with the 
Z-axis is approximately —49 degrees. It is 
eharactei ized by an esscntially-zero tempera- 
ture coeffici(‘nt 

CRYSTAL CUT, X-CUT. A quartz plate ob- 
t'lined by cutting a dab from the mother- 
(i\^tul 1101 mal to Die A"-axis (electric axis), 
with inajoi sm bices parallel to the Y- and 
Z-avcb. (See piezoelectric phenomena.) 

CRYSTAL CUT, Y-CUT. A quartz plate ob- 
tamcil bv cutting a <-1ab from the mother- 
eiystal normal to the F-axis (mechanical 
axi*?), witli maior surlaees parallel to the X- 
and Z-axes (See piezoelectric phenomena.) 

CRYSTAL CUT, Z-CUT. A (luartz plate ol)- 
taineit by cutting a hlab fio’ii the mother- 
eivbtal normal to the Z-axis (optical axis), 
with major smiaees parallel to the A- and 
I'-axcs tSee piezoelectric phenomena.) 

CRYSTAL DETECTOR. A device consist- 
ing of a “eat s wliisker” bearing on a semi- 
(ondm'ting crystal, used in caily radio sets. 
It ciependh for its action on tlje rectifying 
])ro])ertieb of the poinl contact, just as m the 
type-A transistor. (Rec transistor, type A.) 

CRYSTAL DIODE. See diode, crystal. 

CRYSTAL ELEMENTS. The angles, plus 
the axial ratios or intercept ratios, in terms 
of which the position of any crystal face may 
be described. 

CRYSTAL, FACE-SHEAR. A piezoelectric 
crystal designed to oscillate in the face-shear 
mode of motion. 

CRYSTAL FIELD. The electrostatic field 
acting locally inside a crystal as a conse- 
quence of the microscopic arrangement of 
atoms and ions in the lattice. 


Crystal, Flexure — Crystal, Molecular 
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CRYSTAL, FLEXURE. A piozoolcctric cry.s- 
tal designed to oscillate in the flexure mode 
of motion. 

CRYSTAL FORM. See crystallography. 

CRYSTAL FREQUENCY MULTIPLIER. 

(1) A (inartz cry.^tal made to oscillate in a 
Ijannonic mode to increase the frequency of 
oscillation without a decrease in crystal size. 
( 2 } A semiconductor rectifier used to rectify 
and thus, in the proce^ss, [*enerate higher order 
harmonics of the fundamental voltage. 

CRYSTAL GROWTH. The dii’ect growth of 
an ideal j^M-feet er\^lal i^^ almost inq)Ohs>iblc, 
r‘xce])t at enoi-iiiou'-ly liigh supernal urath.ms, 



hecau.^c of the difficulty of nucleating a new 
surfa(‘e on a completed surface of the er}"stal. 
But. if there is a screw dislocation prc.sent, 
it is never necessary to start a new surface, 
and growth proceeds in a spiral fashion by 
the accretion of atoms at tlie edge of growth 
steps. The resultant growth spirals have 
been observed, and it is believed that most 
ery’stals grow in this manner. 

CRYSTAL HABIT. The external shape of a 
ervhtal, wliieh depends on the relative devel- 
opment of the different f cos, as well as upon 
tlu' interfacial angles ct- .racteristic of the 
crystal. 

CRYSTAL, HEMIHEDRAL. A crystal that 
has half of ns faces developed. 


CRYSTAL, HOLOHEDRAL. A crystal that 
has all of its faces developed. 

CRYSTAL INDICES, MILLER. Three in- 
dices used (u repre&erit any crybtal face in 
terms of the crystallographic axes and the 
axial ratios. These integers give the ratio 
of th(‘ interci'iits of the unit plane to those 
of the pariicular face. 

CRYSTAL INTERCEPTS. Sec crystallo- 
graphic parameters. 

CRYSTAL, IONIC. A crystal built up from 
a lattice of ions and bound together by the 
electiostatic attraction between them, e.g., 
NaCl. 

CRYSTAL, ISOMORPIIOUS. One of two or 

more erybfals which an* similar in ciT^allinc 
form and in cheiiii(*al j)n)p(*r(ies and are re- 
lated in chemical com[)osiii()n in that one or 
more of the aloiu'^ and radicals in one are of 
*-iini]ar elu'mical l\pe to the eoi responding 
atoms or radicals in tlie otlu'r I'siially, one 
or more of their ()th('r atoms or radicals aire 
identical. 

CRYSTAL T.ATTICE. S( e space lattice. 

CRYSTAL, IJQUID. A Inpiid having the 
o(>tical [jroiiertie.s of a crystal Such licpiid 
crystals are uniaxial, anisotropic, and also 
cloudy, and have* a fh'finite leinperalure 
(nu'ltmg priiiit) al wdmffi rhe ci*v^tallinc oj)tj- 
cal pro])(‘rties and cloudiiu'ss disa])p(‘ar. 

CRYSTAL, LONGITUDINAL. A piezoelec- 
tiic ciy-^tal dc'signed to oscillate in the longi- 
tudinal mode of motion. 

CRYSTAL LOUDSPEAKER. See loud- 
speaker, crystal. 

CRYSTAL MICROPHONE. See micro- 
phone, crystal, 

CRYSTAIi, MIXED. A ciystal consisting of 
two or more chemical compounds, w'liich may 
have the same positive radical or the same 
negative radical, and wdiieh, in their j)ure 
form, are isomorphous, i.e., have the same 
ciystal form. 

CRYSTAL MIXER. See mixer, crystal. 

CRYSTAL, MOLECULAR. A crystal wdiich 
is made up of inert gas atoms, or saturated 
molecules, bound together only by the van 


201 


Crystal Momentum — Crystal Structure 


der Waals forces between them, e.g., solid 
argon. 

CRYSTAL MOMENTUM. An expression 
sometimes used for the qut'xnlity obtained by 
multiplying a wave vector by Planck’s con- 
stant, h. It has the dimensions of momentum, 
but when it refers to an excitation or electron 
wave in a crystal there is no real momentum 
associated with it, and it is not necessarily 
conserved in a collision. 

CRYSTAL, MOTHER. Die raw material 
from which piezoelectric devices are pre- 
pared. 

CRYSTAL, NEGATIVE. Se(' negative crys- 
tal. 

CRYSTAL OSCILLATOR. See oscillator, 
crystal; aKo piczo-elcclricity and pyro-elec- 
tricity. 

CRYSTAL OVEN. A tcmiunaturc-oonli oiled 
(oultiiiu'i for stabilizimj, the UanjH'raliire and 
i(M)iiant fiecjiKaicy of a crystal used m a 
Cl v-t a 1 -con 1 1 ul led oscillator. 

CRYSTAL PARAMETERS. The haurths of 
the iiitcreepis on Die crystallographic axes ot 
tlie standard plane — th<it the lengths of 

the side‘- of the unit cell of tlie lattice. In 
general, only th(‘ axial lalios can be deter- 
111 mod directly. 

CRYSTAL PHASES (a-, ( 3 -, y-, €-, q-, ETC.). 
Ceilaiii alloy systems may form dilfennt 
crystal structuK's, according to the relative 
luoportions of the ( ori^tiluent.s for example 
('u-Zn tor which no Ic^s than five different 
phases arc known In many cases the same 
crystal structure occurs wulh quite ditferent 
constituent metals, so that it is often possible 
to u.sc the one expression such, for eKan]})le, 
as yt^-phasc, to cover a wide variety of eom- 
pouniis all having the same basic structure. 
This effect is explained by the IIume-Rotliery 
rules. Pure substances, as wtII as alloys, may 
exhibit more than one crystal structure, de- 
pending on temperature and past history. 
E g , cobalt, iron, titanium. 

CRYSTAL PICKUP. An electromechanical 
transducer utilizing a piezoelectric crystal to 
('ffect the trairNformation from mechanical 
motion to an electrical effect. Eor example, 
many phonograph-pickups use crystals in 
this way. 


CRYSTAL, PIEZOELECTRIC. A crystal of 

a substance having strong piezoelectric (see 
piczo-effecl) properties cut in such a way 
that the coupling to some particular mechani- 
cal mode of the crystal is emphasized. Such 
cry^talft are valuable as electro-mechanical 
transducers, as in the crystal microphone. 
The sharjmcfts of the medianical resonance 
of a solid makes a crystal re.-^onator one of 
the most st.'iblc of frequcr'cy standards when 
loosely coujiled into an electronic circuit. 

CRYSTAL PIANE. See crystallography. 

CRYSTAL PUTXING. A method of crystal 
grov\ing in which tlie deveh^ping crystal is 
gradually withdrawn from a melt. 

CRYSTAL RECTIFIER. See rectiBer, crys- 
tal. 

CRYSTAL, RESONANCE FREQUENCY OF. 

The fiequeniy at wdiich a piezoid has either 
n maxmiiim or minimum imjK'dance, depend- 
ing upon wliethc'!* parallel or scries resonance 
1- employed 

CRYSTAL RESONATOR. See piezoid, reso- 
nating. 

CRYSTAL SET. A radio receiver employing 
a ciystal rectifier as a rectifier demodulator. 

CRYSTAL SLAB. A relativ'cly thick cut 
acrosh IX mother crystal from which crystal 
blanks au‘ to bo obtained I)}'' subsequent trans- 
\eise cutting 

CRYSTAL-STABILIZED TRANSNHTTER. 
Sei' transmitter, crystal-stabilized. 

CRYS TAL STRUCTURE. It Avas early sug- 
g(‘>te(l that the regular stimeture of crystals, 
embodied in the laws of crystallography could 
be explaincfl it they were thought of as built 
up by the n petit ion of e(]ual polyhedral cells, 
tit ting tog('ther to fill space, each cell repre- 
senting a characteristic group of particles, 
perhaps the atoms and molecules of the com- 
pound. A rough calculation showed that the 
spacing of tliose units in many ionic crystals 
might bo of the ^ame ordei of magnitude as 
the wavelengths of x-rays, as deduced from 
quantum theory. Von Laue suggested, and 
verified, that diffraction of the x-rays occurs 
when they are jiassed through a er^’^stal, suit- 
ably oriented. This diffraction effect is char- 
acteristic of the type of crystal, and by ob- 
serving the relative magnitudes and orienta- 


Crystal Slructure-Fourier Synthesis Method — Crystal, Twin 


202 


tions of the various diffracted beams one has 
clues to the crystal structure. 

Although it is easy to calculate the diffrac- 
tion pattern for a given crystal structure, it is 
quite another matter to deduce the crystal 
structure directly from the diffraction pat- 
tern. The first stej) is to determine the spac- 
ing of the atomic planes from tlic Bragg 
equation 9 and hence the dimcn^^ion.N of the 
unit cell. Any special symmetry of the space 
group of the structure will bo apparent from 
space group extinction. A trial analysis may 
then solve the structure, or it may be neces- 
sary to measure the structure factors an<l try 
to find the phases for a Fourier synthesis. 
Various techniques can be used, such as the 
F* scries, the heavy atom, the isomorphbus 
series, anomalous atomic scattering, expan- 
sion of the cry‘^tal and other methods. (See 
also x-ray analysis.) 

CRYSTAL STRUCTURE - FOURIER SYN- 
THESIS METHOD, dlie intenwtv of the 
x-ray beam diflracled in a given direction by 
a crystal is a measure ol the magnitude of 
one of tlu' Fourier components of the electron 


Electron density and piojocti of anthracene (after 
RobortsCii; 

charge density in the crystal. If the sign of 
each component can also be estimated, or 
guessed, it is possible to construct a ‘^contour 


map^^ of the electron density, showing the de- 
tailed stiucture. See figure. 

CRYSTAL STRUCTURE-PHASE DETER- 
MINATION BY CRYSTAL EXPANSION. 

An ingenious method for determining the rela- 
tive phases of x-rays diffracted by a crystal, 
in whicli the ciystal is expanded by being 
allowed to take up water, and the varying in- 
tensities of the different rays observed and 
interpr(‘Lcd. This method is particularly 
suitable for prot(*ins. 

CRYSTAL STRUCTURE— TRIAL ANAL- 
YSIS METHOD. Various possible crystal 
&ti*ucturcs arc jiroposed, and their x-ray dif- 
fraction ])attcrns calculated, using the known 
atomic structure factors, and compared with 
the observed pattern, until a structure is 
found that fits, 

CRYSTAL SYMMETRY. It is an obvious 
eharact(Tistic of a crystal that it posse^^es 
the jiroperty of appearing unelianged after 
the jierfonnance of some sim])le geometiic^I 
operation, sucli as rotation about an a\is, or 
reflexion in a jilarie 1"liis symmetry (se(‘ tlii' 
vaijous classifications un(l(T the term sym- 
metry) IS a eonsoqiHnee of the idcnti(‘al jirop- 
eriy of the underlying ciystal lattice. 

CRYSTAL SYSTEMS. It ean be sliown by 
giometry that tlK'ro exist 32 fliffiTent classes 
ot ciystal svmmetry, (vr point groups. Those 
aie (‘oiivem(‘iitly classified into sevon (by 
some autliors, six) svstein‘=*, characterized by 
their axial angles and ratios. (See table on 
p. 203; also crystallography.) 

CRYSTAL, TEMPERATURE-CON- 

TROLLED. A eiv^tal in an oscillator 
or filler, wliicli has its elviraclei istics stabil- 
ized by bt'ino jilaced in a constant-temiiera- 
ture oven. 

CRYSTAL, THICKNESS-SHEAR. A piezo- 
electric cry'-tal designed to operate in the 
thickness-shear mode of motion. 

CRYSTAL, TORSIONAL. A piezoelectric 
crystal designed to oscillate in the torsional 
mode of motion. 

CRYSTAL TRIODE. Sec transistor. 

CRYSTAL, TWIN. Two crystals of the same 
substance having one common face. 
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Crystal^ Uniaxial — Crystallization 


CRYSTAL, UNIAXIAL. A doubly-refracting 
crystal which has but one optic axis. Exam- 
ples: Iceland spar, quartz, tourmaline. 

CRYSTALLINE ANISOTROPY ENERGY. 

The energy associated with the effect ob- 
served in certain ferromagnetic (see ferro- 
magnetism) crystals, wluTeby the magnetiza- 
tion tends to be directed along certain definite 
crystallographic axes, called directions of easy 
magnetization. 

CRYSTALLINE LENS. The lens of the eye 
with index of refraction of about 1.437 and 
located behind the ariueous humor and in front 
of the vitreous humor. 

CRYSTALLITE. One of the grains or small 
crystals making up a poly crystalline material. 


CRYSTALLIZATION. Crystals are formed 
(1) from solution, ( 2 ) from a melt, (3) by 
sublimation. 

(1) The formation of crystals from solu- 
tion, starting with an unsaturated solution, 
takes place when a solution is evaporated or 
cooled helow^ the saturation point, except as 
retarded by supersaturation. Supersaturation 
IS pn'vented by the addition of seed crystals 
of the substance. Since, in the case of the 
nuijoiity of sf)luhlc suiistances, solubility in- 
crea‘^es with increase of temperature, cooling 
h(‘low' the saturation point favors the forma- 
tion of crystals. A case of wide scope and 
great importance is that of ciystal formation 
by precipitation upon mixing two solutions. 
Actually, this is the same as lor substances of 
gr(‘ater solubility, since the substance precipi- 


Systc'infi 

stalh^giaphic Klonicnts 

Essential Symmotiy 

Number of 
Point Groups 

Cubic*, or regular 

Three at right angles: all ecjual. 

a ^ H ^ 90° 

a:b:c - 1:1:1 

1 triad axes; 3 diad, or 3 
tetrad axes 

6 

Tt*ti agonal 

Tluci^ axes at right angles: two equal, 
a 3= ^ = 90° 

ailr.c ~ 1 : 1 : V 

1 tetrad axis 

7 

Orthorhombic or 
Rhombic 

Three axes at right angles* uin*qual 
m = /I — 7 = 90° 
a:h:c = x'Aiij 

3 di.ad axes, or 1 diad 
axis and 2 perpemlie- 
ulai plane.s intersect- 
ing in a (had axis 

3 

Monoclinic 

Throe axes, one pair not at light angles: 
unequal. 1 

a 3= ^ 3. (K)° 

90° 

a:b:c = j*:l :y 

1 diad axis, or 1 plane 

i 

3 

Tri clinic or 
Anorthic 

Three axes not at right angles: unequal. 
a,fi,y 7^ 90° 
a:6:c =■ x'Aiy 

No axes or planes 

2 

Hexagonal 

1 

Three axes coplanar at 60°: equal. 
Fourth axis at right angles to other 
throe. 

ai:a2-a^‘b = 1:1 :l:a; 

] hexad axis 

i 

7 

Rhombohedral or 
Trigonal 

Three axes equally inclined, not at right 
angles: all equal. I 

a * ^ - 7 Tii 90° 
a:6:c - 1:1:1 

1 triad axes 

5 
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t.ated is first formed in solution and the excciis 
above the saturation ])oint separates as pre- 
cipitate. As a rule the crystals are larj^er and 
more perfect the slower their growth. Con- 
versely, when small eiystals an' desired, rapid 
stirring and (piiok cooling are practical. The 
smaller the crystals of a given substance, the 
purer the material generally is. Small crys- 
tals may be increased in size by allowing them 
to stand in the mother licpior before separa- 
tion. 

(2) The formation of crystals from a melt 
takes place when the melt(*d slll)^tan^e is 
cooled sufficiently slowly near and below the 
fusion point. If the cooling is rapid the 
fusion may result in the formation of an un- 
dereoolcd liquid of rigidity eorresponrhng' to 
a solid. (See glass.) 

(3) The formation of crystals by sublima- 
tion takes place when the vaj^or of a substance 
is condensed as a solid without pas*^ing 
through the liquid phase in so doing. This 
occurs when the temperature of the condcnsiT 
is l)clow that of the melting p(»ini of the sub- 
stance. (Sec vapor pressure; crystal growth.) 

CRYSTALLIZATION, NUCLEI OF. Small 
solid particles placed in solutions upon which 
crystals may form. Crystals of the dissolved 
substance or of other sub.stanees which are 
isomorphous with it, grains of dust, etc., may 
serve as nuclei. Crystalline particles such as 
nuclei are often referred to as seed eiystals. 

CRYSTALLOGRAM. The x-ray diffraction 

pattern of a crystal, whence (lie crystal struc- 
ture may be obtained. 

CRYSTALLOGRAPHIC AXES. Usually 
three, sometimes four, lines meeting at a point 
which are so chosen as to bear a detinito rela- 
tionship to the charaeteristie features of the 
crystallographic symmetry. They may, for 
example, be nonnal to the ])lanc of symmetry, 
or parallel to, or coincident with, tlie edge I^e- 
tw-een principal faces or the axes of symm(*try. 
Although the choice of axes is to some extent 
arbitrary, some sets produce a simpler repre- 
sentation than others. Whenever possible, tlic 
three axes are chosen to be at right angles to 
each other. 

CRYSTALLOGRAPHIC \XIAL RATIOS. 

The ratios of the crystal intercepts, i.e., the 
ratios of distances irom the origin of the crys- 
tallographic axes to the points where they arc 
intercepted by the faces of the unit celL 


CRYSTALLOGRAPHIC PARAMETERS. 

The crystal intercepts, which are the distances 
from the origin of the crystallographic axes 
to (he points wliere they are cut by the faces 
bounding the unit cell of the crystal. 

CRYSTALLOGRAPHIC SYSTEMS. See 
crystal systems. 

CRYSTALLOGRAPHY. The branch of phys- 
ical science vVhich deals with the external 
shapes of crystals and with the geometrical 
relations between the atomic planes within 
th('m. If a solid crystal is broken, it is found 
to have separated ahuig e(‘rlain cleavage 
j)lanes into polyhedral fragimmis, and meas- 
iirenumts shf)w that tluse planes were all orig- 
inally parallel to one or another of a low 
standard ]danes. in Tuost crystal systems, 
each of the more jirominent cry'^tal faces be- 
longs to one of thr(‘(‘ plane-lamilios, int(‘rseet- 
ing along the crystal axes (in hexagonal crys- 
tals tluu-e are four). It is obsciwed (Haiiy 
law) that if the ratio of the iiitercejits of two 
crystal jilanes on oiu' ot thes(‘ avc's is a simtfle 
fra(*tion, llu' ratios of (he inti'rcejds on the 
other axes art' also simph' fractions, aiid in 
this way it is established (hal thr* int(‘rce])ts 
on any one axis must be multi))l(\s of a eom- 
mon unit. A gi^T'n family of plant's is tlun 
labeled by its Miller indices or Bravais-Millcr 
indices, the rt'ciprtK’als f)f (he ratios of its 
interet'pts with t ach axis, expressed in terms 
of the etaiiinon unit for that axis, and reduced 
to lowest integral terms. Study t)f the axial 
ratios, indices, and anglt's sluiws that all erys- 
tals may be classified into stwt'ii crystal sys- 
tems. All the abt)vc |)rt)p(‘rties art' satisfit'd 
if a ciystal consists of a regular array of 
atoms, molecules, itms, etc , in a space lattice, 
and this is vi'rificd by the x-ray analysis of 
crystal sti*ucture. 

CRYSTALLOID. (Dispersoid.) A term used 
by (Jraham to distingnisli the crystalline sub- 
stances, wliich are soluble in water and dialyze 
readily, from colloidal compounds, which 
dialyze not at all tir tinly vt'ry slowly. This 
distinction now has little fundamental mean- 
ing. Moreover, there are some substances, 
including some proteins, that crystallize but 
do not dialyze. 

CT. An abbreviation usually used in dia- 
grams to indicate the centcr-tap of a coil- 
winding. 
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Cubature — Curl 


CUBATURE. The process of finding a nu- 
merical value of a definite double integral of 
a function of tw o independent variables. (See 

numerical integration.) 

CUBIC. See equation, cubic. 


bases from 500-1000 feet and tops as high 
as*20,000 feet. It is composed of water drop- 
lets and may produce rain if well developed. 
Flat, fair-v rather t^pc'^ are known as cvmylu^ 
hvinitis and the %Aell-develoi)ed variety as 
rim u I us CO n gest us . 


CUBICAL ANTENNA. Sec antenna, cubical. 


CUMULATIVE DOSE (RADIATION). The 

total ipsultiiig Irom repeated exposures 

to radiation of the same region, or of the 
^^hole body. 

CUMULATIVE EXCITATION. An excited 
atom, in the mcta^tablc state, mav receive a 
further mei(-meiit of eneiav hv tollisioii, as 
AMtli an eleetiou, and thus he laiM'd to a still 
higher cneigv state 'I’his prooess by whieh 
an atom is raised hv collision tiom one excited 
-talc lo liiaher states is known us cnmulatne 
(xcitatioii. In hul. it is possil)U» lor an atom 
m the mrtastalde slate lo leoeivc suflicnnt 
(*n(‘rgv by this piota's*. to la lom/cd and this 
piotess IS designated as cnmulatne lotiizatioii. 

CUMULATIVE IONIZATION. 1 )isciissed 
under cumulative excitation. 

CUMULATIVE METHOD. S^e physical 
measurements. 


CUMUIJFORM. \ gfiieial term applied to 
all clouds liaMiig doiiu,-sbaped upper Miif.iec.s 
whith exhibit piotulu laiiees, the h.ise-- of sueh 
clouds being generally houzontal ('umuli- 
form clouds are < haraeteristieally distimt and 
separated Irom one another h> clear spaces 


CUMULONIMBUS. The thunderstorm 

cloud. It IS tall, billowed, full of con-trast 
fiom brilliant while lo inkv black "f 

the cloud 15 composed of wafer droiilels but 
the top which pcnetiate.s above tlie freezing 
levd is composed of icc crystals False cirrus 
often develops at the top of anvd head, 
('umulomrnbus occur with ^ 

15,000 feet and tops from 10,000-a0,000 feet. 

CUMULUS CLOUDS. Billowed heaps with 
flat bases and tufted tops. Thiy have con- 
siderable shadow and often are veiy dark on 
the underside. Size and shape vary loin a 
small balls of cloud-cotton to grea towers 
with valleys and ravines along the sides The 
cloud is a low type, but can be found with 


CURIE. A unit of radioactivity which was 
origiiiiillv defined as the amount of emanation 
(radon) from or in oquihhriuin willi one gram 
of ridniin Because of cxpenmental uncer- 
tainties this unit has betm redefined by the 
revised rc'commcndations of the International 
Commission on Radiological [Tniis (July, 
195'>) as follow s: ‘^1'he cune is a un’t of radio- 
activity defined as the quantity of anj" radio- 
adhe nuelide in which tlio number of disin- 
tegrations per s(‘Cv nd is 3 700 X '10^^.^' 

CURIE POINT (CURIE TEMPERATURE). 

!’( nomae:netio nnitiMiaK lose tlieir penna- 
lunt or s|)ontani ous magnetization above a 
erifical Icinperature (different for different 
•substances). 1'liis critical tempeiature is 
called (ho Chino point. Similarly, ferroelec- 
tric maiiaials lose their spontaneous polariza- 
tion al)o\e a critical tomticiature For some 
such maleiials, this lempdaluro is called the 
“upp(‘r (’line point, for theie is also a ^dowor 
(huie [loint,” b( low which (he ferroelectric 
pro])city clisappears. 

CURIE-WEISS LAW. The transition from 
f( rrouiaguetic to paramagnetic properties, 
whicli ocelli" in iron and other ferromagnetic 
substancis at the Curie point is accompanied 
hy a (liange in the reliitiondiip of the mag- 
netic susceptibility to the temperature. P. 
^urie staled m 189v5 that above this point the 
suscoj)tilulit V varies inversely as the absolute 
tempcratuie ]5ut this was found to be not 
gencr.tllv tiue, and was modified in 1907 by 
P. eiss to stat(‘ that the susceptibility of a 
])aramagnetic substance above the Curie point 
lanes irneisely as the excess of the tempera- 
ture above that jioint. At or below the Curie 
point, the C’urie-\N eiss lasv does not hold. 

CURIUM, h'lansiiranic element. Symbol 
Cm. Atomic number 96. 

CURL. A vector resulting from the action 
of the operator del on a vector, V, by vector 
multiplication. 


Current Amplitication — Current JLlensity 




curl V = V X V 


dV, dVy\ 

. dy dz ! 


\d\\ ^ ^ {dVy ^Vz 

1^5 dx \ 1 ao; dy 


i j ^ 

= d/dx d/dy d/dz 

V, Vy V, 

Tlie curl is also called ilic rotation (nbbie- 
viatcd lot). (See also Stokes theorem.) 


CURRENT ATTENUATION. Of a trans- 
ducer, the ratio of the magnitude of the cur- 
rent in the input circuit of a transducer to the 
magnitude of the current in a specified load 
impedance connected to the transducer. If 
the input and/or output current consist of 
more than one component, such as multifre- 
queiuy signal or noise, llien the particular 
(omponents used and their weigliting must be 
specified ]^v custom tins attentuation is 
often (\])rp‘'sed in decibels by multiplying its 
(ommon logantlun by 20 


CURRENT AMPLIFICATION. (1) Of an 
amplifier, the ratio of the current produced 
in the output ciTcuit as a result of the cur- 
rent supplied in the input circuit, to the cur- 
rent supplied to the input circuit (2) Of a 
magnetic amplifier contlol-^Mndmg, the ratio 
of the change m oulpiit cuiient to the cliango 
in current in the control winding required to 
produce the output curumt change. Assum- 
ing the change fium miminuui to ma\imuin 
output cm rent to be 100%, the nominal cui- 
ront amplification will be measmed o\er the 
following range* An out])ut run cut 20% 
greater than the minimum to an outjnit cur- 
rent 207 ^ les^ than the m.ixiinum C'unent 
amplifieation should be sj^ecified lor opera- 
tions of the magnetic amplifier at its rating 
except tor control cunents and output cur- 
rents The (Uiient amplifie ation •^hall be the 
miniinuiu that exists for any condition within 
the rating (3) Of a multiplier phototube, 
the latio of the output cuirent to the photo- 
cathode current due to photoe k etric emission 
at constant electrode voltages Tetms output 
current and pliotocathode current as heic used 
do not include dark current. This characte^r- 
istic should be measured at Iev( Is of operation 
that will not (au^c saturation (1) Ot a 
transducer, the ratio of the magintude of the 
euirent in a specified load im])eclnnee con- 
nected to a transducer to the magnitude of 
the current m tlie input circuit of the trans- 
ducer If the input and/or output current 
consist of moie than one component, such as 
multifrequency signal or noise, then the yiar- 
ticular components used and their w^eighting 
must be specified By "*nstom, this amplifi- 
cation IS often expressed jii decibels by multi- 
plying its common logarithm by 20 

CURRENT AMPLIFICATION, TRANSIS- 
TOR. Sec 'ransistor parameter h 2 i. 


CURRENT, AVERAGE. Tlic average value 
of a current (7) over a time interval {ti, ^ 2 ) is 



CURRENT BALANCE. \ system of fixed 
and movable coils of ai curat civ known dimen- 
sions so arianged tliat the force developed 
between the coils (by the passage of cm rent) 
can be bakinced by the force of giaxitv ackng 
on a known mass Such au an angdiienl is 
used for the absolute dcU imination of the 
ainpeie 

CURRENT CIRCUITS, ENERGY OF A 
SYSTEM OF. See energy of a system of cur- 
rent ciicuits. 

CURRENT CONDUCTION. Electric cur- 
rent consisting of the flow of free charges, as 
distinct from displacement current. 

CURRENT DENSITY. (DA vector repre- 
senting the time rate of flow of electric charge 
per unit area The direction of the vector 
lb tlu^ diiection of jHisitive charge flow; the 
magnitude is the limit of the flow rate per 
unit aiea as the area apfuoaches zero The 
aiea consideicd is perpendicular to the direc- 
tion of flow (Cf displacement current den- 
sity.j (2) In nucleai jihysics, a vector such 
that its component along the normal to a sur- 
face equals the net number of particles cross- 
ing that surface pei unit area and unit time. 
Commonly referred to simply as current, as 
in neutron current. (3) By analogy with 
electric current, a vector representing the time 
rate of flow of any quantity such as mass 
or momentum, per unit area in a transport, 
process. 
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Current, Diffusion — Current Function 


CURRENT, DIFFUSION. See diffusion 
current. 

CURRENT, DIRECT. (1) A current through 
a specified surface, which docs not change 
sign. (Note that current is a scalar.) (2) 
A steady current. 


CURRENT, EFFECTIVE OR ROOT- 
MEAN-SQUARE. The root-mean-square 
value of a current (/) over a time interval 
{^ 1 , t 2 ) is 


Rms I 



CURRENT, DISPLACEMENT. Consider 
a capacitor hidden in a “black bo\’^ with tvo 
terniinals. Charging or discharging the ca- 
pacitor roipiires a charge flow, or cun cut, in 
the external connections. Viewed externally, 
let a current of positive charges flow into one 
lerininal; the equal current of negative 
charges into the second ierniinal a])]ieais to 
be a positive current out of the second (er- 
ininal. U is logically a\\kvvard to think of a 
current into one terminal and out of the other, 
that doesn^t go through the box. ITi'uee, to 
maintain continuity (if current, a “displace- 
ment'’ current is postulated in the ctqiaotoi, 
(Hpial to the “eoiidiietion” current in the ex- 
ternal connect ions, 

Tliis eone(q)t of displacement current 
invented bv Maxwell to simplify the mathe- 
matical e(]uations of electromagnetism; it led 
to the jiKHlietion of electromagnetic waves. 

Tlie di‘'placenu‘nt current is more than a 
convenient fiction, as is indicated by the fact 
that the Biot-Savant law liolds when the cir- 
cuit surrounds a displacement current as wa'll 
as when it sni rounds a eonduotion current. 
Part of the disjflacement cnrnmt can be ac- 
counted for as the mo^cment of bound charges 
within the dielectric, i.e., the creation or re- 
orientation of (lij)oles. The halanei., wdiieh is 
exhibited even in a vacuum, may he better 
understood as quantum electrodynamics is 
further developed. 

Precisely, the disiilaeement current through 
a surface is defined as the integral of the nor- 
mal coraponiait of displacement enrrent den- 
sity over that surface. The displae(‘ment cur- 
rent density is the time derivative of the 
electric induction. 

CURRENT, EDDY. The current w^hich flow's 
in a conductor as a result of flux linkage* 
changes seen by that conductor. It is, in 
general, an undesirable cflcct, as opposed to 
the load current in the secondary of a trans- 
former which is the result of flux linkage 
changes. Eddy currents contribute to the 
power losses in magnetic cores, conductive 
shields, and the conductors themselves. 


For a simi'^oidal current, the rms value over 
ally integral number of oeriods is \/2/2 — 

0 707 (mies the piaik value. Since the pow’cr 
(( g., heat in a resistor) depends on the square 
of the eurient, the rms valu(‘ is frequently 
called the “effe(‘(jve value.” The term “cffec- 
th'c value” is dopreeated in modern usage. 

CURRENT, ELECTRIC. Broadly, the flow 
of eleetrie charge. More sjiecific ally, the time 
rate at which charge crosses a giycn surface 
is the current aeioss the surface. There are 
acOially tliree types of current: conduction 
current, eon\ection current, and displacement 
current. Conduction current is due to the 
motion of charges in a neutral system (as 
electrons m a conductor, or the motion 
of electrons and “holes,” which contribute 
largely to the current in semiconductors) ; 
eoinc'clion current i‘5 due to the motion of un- 
neutralized charge, as the motion of electrons 
in \ vacuum tube; displacement cniTcnt is an 
efh'ct of a elianging electric flux. Current is 
a scalar. The current througli a sjiecifled sur- 
face IS given by the integral owr that sur- 
face of the normal component of current den- 
sity. In loose linage, we often sfieak of the 
direction of a eurient; actually, being a scalar, 
current has a sense (])lu& or minus) but not 
a direction. (See electric ciicuits; ttie Ohm 
law; ampere; electromagnetism; etc.) 

CURRENT FEED. The conneetioTi of the 
h'Ofi fransmi‘-si(»n line to the maximum current 
point in an antenna system. 

CURRENT (OR STREAM) FUNCTION. 

The stream or current function is a scalar 
function of position used to describe steady 
tw'o-dimen'^ional flow' of an incompressible 
fluid. The current function, \!/, is defined by 

dyl/ d\I/ 

w = — • V 

dy dx 

w'hero w. v are the components of the velocity 
parallel to Ox, Oy. It will be notic/cd that the 
flow across any line from the point A to the 
point B is 



Current Cain, Transistor — Curvilinear Cone 
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J iudy — vdx) = I V^-c?s 
A 

= 

CURRENT GAIN, TRANSISTOR. See tran- 
sistor parameter a. 

CURRENT, GATE. The current througli the 
gate winding of a magnetic amplifier. This 
current may be either a-c or pulsating d-c. 

CURRENT, IMPRESSED. An doctric net- 
work may be energized by applying (impress- 
ing) eilher known voltages or known currents 
on its terminals. For purposes of analysis, 
it is often conATiiient to consider given im- 
pressed currents, with the resulting voltages as 
the unkno^^ns to be solved for. 

CURRENT IN CIRCUIT, GROWTH AND 
DECAY OF. Wlien a ste]>-wiive, T’ — 0 for 
^ < 0, and F “ To for f > 0, V being the volt- 
age, is applied to an RL (resistaiu'e-inrliie- 
tance) or RC (rcsistaruT-eapacitanee) cir- 
cuit, the current grows for d('cays) exponen- 
tially with time. In the exponential expres- 
sion e”®*, (x~^ is called the time constant. 

CURRENT, INDUCED, In mduelion heat- 
ing usage, current in a eonductor due to the 
application of a time-varying eleciroinagnetic 
field. 

CURRENT, INSTANTANEOUS, Tlie in- 
stantaneous value of a current whicli varies 
with time. 

CURRENT, MAGNETIC. See magnetic cur- 
rent. 

CURRENT, MAGNETIC FIELD OF. See 
magnetic field of a current. 

CURRENT-MEASURING REACTOR. Syn- 
onym for d-c transformer. 

CURRENT, POLARIZATION. That com- 
ponent of displacement current (see current, 
displacement) due to the time rate of cliangc 
of polarization. 

CURRENT, PUSH-PULL. Sec push-pull 
current. 

CURRENT SATURATION. See voltage 
saturation. 

CURRENT SENSinVITY. See sensitivity, 
cuixent. 


CURRENT SHEET. An infinitely thin sheet 
carrying finite current per unit length normal 
to the lines of flow. This current may be 
either electric or magnetic. (See magnetic 
current.) 

CURRENT, SINUSOIDAL. A current whose 
variation with time is sinusoidal, i.e., 

I = A sin (oit + 0). 

CURVATURE. A measure of the rate of 
change of direclion of a curve. If r is the 
angle made with iho O.Y-axis at a point P 
on ihc curve and s is the arc length from some 
fixed point on the curve to P, the curvature 
at P is dr/ds. In Cartesian coordinates, 

[1 f ld!j/dxyY^‘ 

The radius of (‘iirvature is p = 1 

CURVATURE (GAUSSIAN) OF SPACE- 
TIME. (t — w'liere arc the contra- 

variant metric comjionenls and is the 
contracted Riemann-(Jhristoffel tensor, flu* 
vanisliing of G docs not imj^ly that space- 
time is flat. 

CURVATURE OF FIELD, One of the five 
geometrical alx'rrations of lenses. If a system 
is coiTCctod so that tlicrc is no spherical aber- 
ration, no coma, and no astigmatism, the 
images of off axis points will lie on a curved 
surface called the Pelzval surface. 

CURVATURE OF LENS, TOTAL. The 

ipiantity iv, defmed by tlic expression 



^2 


is called the total curvature of a lens. Thus, 
for a tliin lens; 

{n- 1)(- -~) = {n- i)K. 

f \ri r-if 

CURVATURE OF SURFACE. The curva- 
ture of a siurface is the reciprocal of the radius 

of curvature. 

CURVATURE TENSOR. See Riemann- 
Christoffel tensor. 

CURVILINEAR CONE. A loudspeaker hav- 
ing an essentially parabolic-shaped cone. 
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Curvilinear Motion of a Particle in a Plane — Cut Paraboloidal Reflector 


CURVILINEAR MOTION OF A PARTICLE 
IN A PLANE. The differential equations of 
motion of a particle of mass m in a plane are 
(in rectangular coordinates) : 

mx = Fx 

my = Fy 

where Fa, and Fy arc the components of the 
resultant force acting on the particle. The 
solutions of tlicse equations give the para- 
metric equations for the motion of the iiar- 
ticle. The motion of a projectile, the motion 
of the planets around the sun and the com- 
position of two perpendicular simple harmonic 
motions arc examples of this type of motion. 

CUSP. A singular point on a curve where 
there are two coincident tangents. If there 
is a branch of the curve on each side of the 
double tangent, the eusp is of the first kind 
(eg, the ‘^emlcubi(‘al parabola); if the two 
branches he on tlie same side of the doul)l(‘ 
tangent, the cusp is of the second kind If 
the curve is represented by f{x,y) = 0, the 
condition for a eusp, and also for a point of 
osculation, is 



CUTOFF. (1) A particular ])oint in a cycle, 
or uiagniiude of a cpuintity, at which a mech- 
anism, electric circuit, or otluT system, cuts 
off some flow to or from it. Thus, the steam 
engine eutoff is that percentage of stroke ac- 
complished by the piston, when the inlet valve 
clo«cs and prevents more steam (mtering the 
cycle from tlic boiler. The cutoff of a IIh'scI 
cycle is ibe fraction of the stroke accomplished 
when supply of fuel oil to the cylinder is 
.stojiped. In electronic usage, the w^ord cutoff 
olten appears as a contraction for cutoff fre- 
quency. (2) A technicpie used in theoretical 
physics when the tln'orctical contribution to 
the value of a physical quantity arising from 
integration over part of the range of a certain 
parameter is not to be believed, in particular 
when such a contribution is infinite. The 
integral is cut off, usually at some high fre- 
quency limit, with the acknowledgment that 
beyond this limit either the method of ap- 
proximation, or the thcoiy itself, will have 
to be modified in the future. 

CUTOFF BIAS. This is the voltage which 
must be applied to the grid in order to stop 


the flow of anode or plate current in a vacuum 
tube. It is a valuable reference point in the 
discussion of vacuum tube characteristics as 
much of the tube behavior is determined by 
wdiere the bias voltage is set wdth respect to 
the cutoff value. (Sec cutoff, voltage.) 

CUTOFF FREQUENCY (CUTOFF). (1) 
(If a transducer, eitlier a theoretical cutoff 
frequency or an effective cutoff frequency 
(sec cutoff frequency, effective and cutoff 
frequency, theoretical). (2) Of a wave filter, 
the frequency at which Ihe attenuation begins 
to increase sharply. In the ideal filter, the 
attenuation w^ould go to infinity at the cutoff 
frequency, but in a practical filter the rise in 
attenuation is not so abrupt, and never reaches 
infinity, hut does usually go to a very high 
value (3) For a gi\(‘n transmission mode in 
a nnn-dis^'ipativc, uniconductor waveguide, 
the lre{|iioncy })elow wdiicli the propagation 
constant real. 

CUTOFF FREQUENCY, ABSOLUTE. The 

lowest frecjuency at which a (lossless) wave- 
guide will propagate energy without attenua- 
tion. 

CUTOFF FREQUENCY, EFFECTIVE (EF- 
FECTIVE CUTOFF). A frequency at wdiich 
the insertion loss of a transducer between 
specified terminating impedances exceeds by 
some si>ccified amount the loss at some refer- 
ence point m the transmi‘-sion hand. 

CUTOFF FREQUENCY, THEORETICAL 
(THEORETICAL CUTOFF). A frequency 
at winch, disregarding tin* effects of dissipa- 
tion, the image attenuation constant of a 
transducer ehaiigcs from zero to a positive 
value, or rice versa. 

CUTOFF, VOLTAGE. Of an electron tube, 
that electrode voltage which reduces the value 
of the dependent variable of an electron-tube 
characteristic to a specified low value, A 
specific cutoff cliaracteristic should be iden- 
tified as follows: current versus grid cutoff 
voltage, spot brightness versus grid cutoff 
voltage, etc. 

CUTOFF, WAVELENGTH. Of a unicon- 
ductor waveguide, the ratio of the velocity 
of electromagnetic waves in free space to the 
cutoff frequency. 

CUT PARABOLOIDAL REFLECTOR. See 
reflector, cut paraboloidal. 



Cut-set — Cyclostrophic Wind 
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CUT-SET. A set of brunches of a network 
such that the cutliiig of all the branches of 
the set increases the number of separate parts 
of the network, but the cutting of all the 
branches except one docs not. 

CUTTER (CUTTING HEAD). An electro- 
mechanical transducer (see transducer, elec- 
tromechanical) which transforms an electric 
input into a meclianical output, typified by 
mechanical motions which may be inscribed 
into a recording medium by a cutting stylus. 

CUTTING ANGLE. The angle between the 
vertical cutting face of a cutting stylus and 
the record surface. Ideally, 90^; (le\dations 
arc called dig-in angle or drag angle. 

CUTTING HEAD. See cutter. 

CUTTING STYLUS. The cutting tool in the 
cutter. Tt may be an api)ropriaiely-shaped 
piece of diamond, sai)phire, or si eel. 

CYBOTACTIC GROUPS. A term introduced 
by Stewart in connection with the structure 
of liquids, particularly tlio^e iKpiids contain- 
ing long-chain molecules. A microciystalline 
structure is assumed in which the groups con- 
sist of molecules which are arranged side-by- 
sidc, or end-to-end, in an orderly manner. 
These gT’oiips are considered to be in dynamic 
C(pjilibrium with the molecules which have 
random orientation, 

CYBOTAXIS. The three-dimensional ar- 
rangement of molecules of a substance; in 
general, the lerin is applied to Ikpiid, iion- 
crystallinc suli&tanccs. Two of the most com- 
mon arrangements are the end-to-end (AB- • • 

.ABv 

BA) and the side-by-side [ • J forms, with 

Vab/ 

coordinate bonds, such as exist between cer- 
tain contiguous atoms or radicals, as indicated 
by the dotted lines. 

CYCLE. (1) The complete sequence of values 
of a periodic quantity which occur during a 
period. (2) A series of changes executed in 
orderly sequence, by means of which a mech- 
anism, a working substance- or a system is 
caused periodically to return to the same 
initial condition, ‘^titutes a cycle. Many 
complicated machines or assemblages of ma- 
chines work iv definite cycles. An important 


form of cycle is the heat-engine cycle, in 
which a scries of thennodynaraic changes in 
a working medium periodically return the 
system to the same thermodynamic level. 
(See Otto cycle, Carnot cycle, Rankinc cycle, 
regenerative cycle, etc.) 

CYCLIC SHIFT. In computer terminology, 
an operation w^hich produces a word whose 
characters are obtained by a cyclic permuta- 
tion of the characters of a given word. 

CYCLING. A periodic change of the con- 
trolled variable in an automatic controller. 

CYCLOID. The paih described by a point 
on a circle as it rolls along a straiglil line and 
a special case of a trochoid. If tlie radius of 
the circle is a, there are cu.sps in the curve, 
separated by the distance 27ra, every time the 
point touches the line. (See also brachisto- 
chrone.) 

CYCLONE. A wind system around low at- 
mos])henc jmvssure. If a baronietru* depres- 
sion IS suffici(‘nlly low to be classed as a c.’f- 
clone, it develops or has associated with it 
winds which flow around its center cc^unter- 
elockwise in the northern heuiispliere and 
clockwnsc in the southern hemisphere. The 
intensity of a cyclone depends on tlie pres- 
sure gradient bctw'ccn the system’s center and 
periphery, and on the characteristics of the 
air masses involved. Cyclones are divided 
into two groups. 

(1) Tropical cyclones are vorlices wuth in- 
definite or short-lived frontal structures which 
occur over the tropical and subtropical re- 
gions, particularly over the western half of 
the Atlantic and Pacific and over the Inrlian 
Ocean. They are known as hurricanes, ty- 
])hoons, and bagnios. 

(2) Extra-tropical or waive cyclones are 
composed during development, youth and ma- 
turity of definite parts including warm and 
cold sectors and warm and cold fronts, but 
beyond maturity approach vortex structure. 
Nearly all the storms of the temperate zone 
are w^ave cyclones. 

CYCLOPHON. A name given to a generic 
type of vacuum tube utilizing a beam of elec- 
trons as a switching or commutating element. 

CYCLOSTROPHIC WIND. Winds which 
blow as a result of a pressure gradient and 
centrifugal force, but in the absence of Cori- 
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Cyclotron — Cylindrical Surface 


olis force. They are, of necessity, cyclonic 
and restricted to equatorial zones which is 
the only place Coriolis force is zero, or nearly 
zero. The cyclostrophic component of a wind 
is the difference between the gradient and the 
geostrophic winds. Hurricanes arc largely 
cyclostrophic winds until they travel north 
or south sufficiently to be affected by Coriolis 
force. 

CYCLOTRON. The magnetic resonance ac- 
celerator, a device developed in 1931 by Law- 
rence and T dvmgston for imparting very great 
velocities to heavier nuclear particles without 
the necessity of excessive voltages. The elec- 
trified partirles (such as protons or helium 
nuclei) are relea«;cd in the region between two 
large, flat, hollow, semicircular segments of 
thin metal ])laccd with their diametric edges 
closely parallel, as if one liad cut a pill-hox 
in two along a diameter and slightly separated 
the hahes. (See figure ) These segments, 



Omgi 'imni'itie plan of t>rlotror) Ions released in 
inl('ispace /, tia%eihe hollow stttors S in seinn iielt 'i, 
and are finally utili/f’d or allowed to escape at K. 

called ^‘dccs,’^ arc gi\eii a liigh-fuMiueiicy 
alternating potential difference, producing a 
rapidly oscillating field in the space between, 
them, and thus causing a free jiartiele to be 
pulled first one way and then the other. A 
strong, uniform magnetic field is ajiplied per- 
pendicular to the plane of the segments The 
result is that, as a particle darts into one of 
the segments, it follows a soimcireular path 
of radius proportional to the s])eed (as in a 
mass spectrograph) and re-ciilers tlic inter- 
space on the other s^le of the renter. The 
time required for this semicircular journey 
depends only upon the intensity of the mag- 
netic field, and does not change with the 
velocity of the particle and the radius of its 
path. Now if the field is adjusted so that this 
time equals % the electric oscillation period, 
the particle will always emerge into an electric 
field so directed as to pull it in the direction 


it is already going, and in this way its speed 
increases at each crossing of the interspace. 
Thus, starting near the center, the particle 
spirals outward and speed increasing each 
half-turn, until it finally escapes into a re- 
ceptacle K near the outer edge. The appara- 
tus must, of course, be in a vacuum. 

CYCLOTRON FREQUENCY. The fre- 
quency at which an electn n traverses an orbit 
in a steady, uniform magnetic field and zero 
electric fu'ld. It is given by the product of 
the electronic charge and the magnetic flux 
density, di\ided by 27r times the electron 
mass. 

CYpLOTRON - FREQUENCY MAGNE- 
TRON OSCILLATIONS. Tho^e oscillations 
whose frccpicncy Mib^^tantially' the cyclo- 
tron frequency. 

CYIjINDER, a solid bounded by a cylindri- 
cal surface and two jiarallel planes. The 
teims cylinder and cvlindneal surface arc 
often u^(‘d interchang(‘al)ly but the former 
is strictly a solid and the latter a surface. 

CYLINDRICAL COORDINATES. A curvi- 
linear system of right-circular cylindrical 
surfaces forming families of circles about the 
origin in tlie Al'-plarie of a rectangular Car- 
tesian ‘i^ystein ip const); half-planes from 
the Z-a\is (</) coiisl ); planes parallel to 
the A r-])l/ine tr - const). The position of 
a point in Ibis system is given by (/a, c^, z) 
vv hei e 

r = p cos 0; y -= p sin </>; z — z. 

More precisely the systi’in should be called 
circular cylindrical because elliptical and 
parabolic cylindrical coordinates arc also 
used. 

CYLINDRICAL LENS. See len.s, cylindri- 
cal. 

CYLINDRICAL REFLECTOR. See reflec- 
tor, cylindrical. 

CYLINDRICAL SURFACE. Frequently 
called a cylinder, it is a limiting case of a 
quadric surface wdiere only tw’o variables are 
needed in the equation wdiioh describes it. 
The surface may be generated by a line paral- 
lel to a fixed direction, called the axis, which 
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moves along a fixed curve. If the axis is 
chosen as the Z-axis, its equation is 

Az^ + 2Uzy + By^ + 2 Gj + 2Fy + C ^ 0 

Special cases for the surfaces, together with 
their names, are: (1) ax^ + h\/ = 1, elliptic; 


(2) ax^ — hy^ = 1, hyiierholic; (3) = cx, 

parabolic. If a = 6 in case (1), the result is a 
right-circular cylindrical surface. The names 
arc derived from the generating curves. 

CYLINDRICAL WAVE. See wave, cylin- 
drical. 




D 


D. (1) Mass per unit volume or density (D, 
but p is preferred). (2) Density of electric 
flux (D). (3) Optical density or absorbance 

(i)). (4) Diameter (d or D). (5) Dielectric 
flux density (D). (G) C'oetricient of fluid dif- 
fusion (D). (7) J)ioptr]c power (D). (8) 

Angular dispeision (J)). (9) P^lectric dis- 
placement (D). (10) Displacement flux den- 
sity (D) (11) Deuterium (D). (12) Dex- 
trorotatory (d- or d-). (13) DitTerential 

(followed by another letter or letters) (d). 
(14) Spacing of Bragg planes in a crystal 
id) (In) (Irating sfiat e (d) (IG) Distance 
between lens units in an optical system (d) 
(17) Angle ot minimum deviatioii (/)). (IS) 
Optical attenuation (D). (19) In spectros- 
copy, unrcsol\cd doublet ((/) (20) Type of 

ehction with an azimuthal ([uantuin number 
of 2 [d). (21) Siicetial t(Mm sMiibol for 

li- value of 2 (D). (22) The diderential op- 

eiator d/dx {!)) 

D-CENTER. See* color center. 

D-LINE. Fraunhofer hues at 5S89 05 and 
5S9.J 92 A cau'-ed by sodium in the atmosjihere 
of the sun, llcnce the yellow sodium spec- 
trum lines at these wa\elengths 

D REGION. The region of the ionosphere 
Uf) to about 90 kilometers above the earth’s 
^uifaco. 

DAHL-KIRKAM TELESCOPE. In the cus- 
tomary Cassegrainian telescope the* collecting 
mirror is parabolic and the s(‘condary mirror 
hj^peibolic, thus involving two aspheric »iir- 
faces. In the Dahl-Kirkam telescope, the 
secondary mirror is spherical and th^ collect- 
ing mirror is given the necessary fuither cor- 
rection to eliminate spherical aberration. 


It then says that if tlie n jiarticles are acted 
on by a system of impressed external forces 
’ * * Fn, the effective force in the jth 

particle, 

mj-Yj = JHj’Tj 

is obtained by expressing the condition that 
the system is in eiiuihbrium under the action 
of the forceps = mjVj, wliich may indeed be 
labefled I he conslnnrit forces. 

D ALEMBERT TEST. See Cauchy con- 

vergence test. 

D ALEMBERTIAN. The differential opera- 
tor 

dy^ dz^ dr'/ 

It r(‘presents a fuur-dimcnsional contracted 
covariant d(‘rn ativc of second order For 
any scalar 0, □-(/> is a Lorenlz invariant and 
— 0 is the wave equation for waves 
liiuolini; _\Mth the velocity of hinlit. In 

Minkowski space the d'Aleinhcrtian limy be 

wiitten as an obvious ivoreolz covariant oper- 
ator 


DALTON I. AW. 11 t-eveiai Kases not reaet- 
iiiR eie niitally upon carli other are introduced 
into the same eoiilaiiKT, the pressure of the 
iesultin<; mixtuie is equal to the sum of tlie 
pressures whieli would be observed if eaeh gas 
wcic separately enelosed in tliat eontuiner. 
Like other gas Ians, this law is apjiroxiniatelv 
valid only within limits. It holds universally 
for ideal gases. 

DAMPED WAVES. Sec waves, damped. 


D’ALEMBERT PRINCIPLE. The principle, DAMPING. I’liis term usually refers to the 
first pointed out by d’Alembert in 1742, that cheeking of a motion due to resistance, as by 

the Newton third law holds for forces acting friction or srnilar cause. It is of especial 

upon bodies entirely free to move as well as significance in connection with the diminish- 

upon fixed bodies in stationary equilibrium. ing aruiilitude of an oscillation, as that of a 
The principle is most valuable in dealing with pendulum swinging in the air, or that of the 

a system of particles subject to constraints. electricity vibrating in an oscillating circuit. 
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Unless energy is supplied during each cycle, 
the amplitude of .such a vibrator falls ofif at 
each successive oscillation by an amount com- 
monly expressed in terms of the decrement, 
or dam])ing factor, which is the ratio of any 
one amplitude to lhat next succeeding it in 
the same sense or direction. 

In so-called logarithmic damping, this decre- 
ment is constant; in a simple oscillating elec- 
tric unit, the amplitude decays as e where 
t is the time and S, the logarithmic decre- 
ment, is a constant dcj)cnding ujion the effec- 
tive resistance, inductance, and capacitance of 
the circuit. (See electric oscillations and 
waves.) An imjiortant instance of dam])ing 
is found in the reading of an oscillai ing index, 
like a balance pointer, on a scale. If one 
may as.sume that the amplitude falls off by 
equal amounts at each swing ('‘lincair’^ damp- 
ing), in order to find the (‘(luilibrium position, 
one has only to average an even numb(‘r of 
readings at one extreme and an odd number 
at the other, and ihon find tlie mean of ilio 
two averages. This linear damping assump- 
tion is an afiproximation to th(3 relationship 
e 1 — ht for small darniiing. (See time- 
constant.) 

DAMPING, CRITICAL. That value of 
damping which gives the most rapid transient 
response which is ]) 0 '^'=?ihle without overshoot. 
In a system in which the variable x obeys the 
differential equation 

dx 

the condition for critical damping is that 
h = ac 

DAMPING FACTOR. Defined in entry on 
damping. 

DAMPING, LINEAR. Defined in entry on 
damping. 

DAMPING, LOGARITHMIC. Defined in 
entry on damping. 

DAMPING, OPTIMAL. That value of 
damping, with tlio damping ratio slightly less 
tlian unity, at which an irdicating system 
such as a galvanometer wdl ivershoot its final 
d(‘flection by less than the desired uncertainty 
in reading the instrument. In general, op- 
tional damping results in faster readings than 


does critical damping, with no real loss in 
accuracy. 

DAMPING RATIO. The ratio of the actual 
damping to the critical damping. 

DAMPING TUBE. In clcctromagnctic-de- 
fleetion, cathode-ray tubes, a tube used with 
magnetic deflect ing-coi Is to prevent any tran- 
sient oscillations from being set up in the tube 
or its associated circuits. 

DANGER COEFFICIENT. The danger co- 
elfieieiit of a suhstanee for a particular nuclear 
reactor is the change in rca<*tivity caused by 
inserting that substance in the reactor. Tlic 
danger coefficient depends on the amount and 
distribution of the substance inserted and is 
usually (luoterl as reactivity change per unit 
mass for a standard position in the reactor. 

DARAF. Tile unit of elastancc or reciprocal 
of capacitance. 

DARK ADAPTATION. The sen^tivity of 
tlio eye gradually dccroascb as fhe eye is ex- 
posed to increasing inighrness. Lyes exposed 
to no light or to only faint red light become 
more sensitive as they h(‘Coine more “dark 
adaiited.^^ 

DARK CONDUCTION. The flow of dec 
trode dark current, 

DARK CURRENT. A current (hat fiows in 
l>hotoemissive and phoioconductivc detectors 
(sc*e detectors, infrared) when there is no ra- 
diant flux incident upon The electrodes (total 
darkness). The dark current may vaiy con- 
siderably with temperature. 

DARK DISCHARGE. An elc'ctrical discharge 
in a gas without the production of visible 
light. 

DARK FIELD ILLUMINATION. For ob- 
serving very small parlicles or very fine lines 
will) a mieroseope, a condenser is used which 
sends the light through the object at such 
angles that it does not pass by transmission 
info the objective. Small particles or lines 
serve to diffract the light so that a small par- 
ticle appears as a bright star against a dark 
background. 

DARK SPACE, FARADAY. See Faraday 
dark space. 

DARK SPOT. A spot sometimes seen in a 
television image, due to an electron-cloud 
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D’Arsonval Galvanometer — Deaccentuator 


formation in front of a portion of the mosaic 
of a television camera tube. This condition 
is corrected at the studio by the use of shad- 
ing signals. 

DARSONVAL GALVANOMETER. See 
galvanometer, d’Arsonval. 

DASYMETER. (1) An instrument used to 
determine the density of a gas. It consists 
of a thin glass globe ^^hioh is weighed in the 
(unknown) gas or mixture of gase& and then 
in a gas of knowm density. 

(2) An instrument used to determine the 
composition of flue gas. 

DAUGHTER ELEMENT. Re(' decay prod- 
uct. 

DAVISSON CHART. A cliart relating therin- 
ionie-emi'^‘'ion ciirnnt chuisilv in lerm*^ of 
cathode power dissipal ion. ddie cooidinates 
an' skew oil m a manner wdiich causis the log 
of current density as a function of the log of 
])OW'er to be a slraiglit line, 

DAVISSON-GERMER EXPERIMENT. In 

1927, Davibsun and (Jermer demonstrated the 
wave natuie of electrons by diiecling electron 
licains at oiystal®; in particular at a crystal 
of nickel cut parallel to the (III) ])lanos, and 
iijxm varying the eh'clron spef‘d at a fixed 
angle of incidence, they iound not only a fh>- 
tin(*t “regular" reflccticm but also a sciies of 
diffraction maxima strikingly similar to those 
obtained with the same crystal for x-ravs of 
varying w'avelength. The diffeumces ob- 
served were satisfactorily explained as due to 
the refraction of the nickel for the electron 
weaves. This experiment eonfirnied the de 
Broglie hj^pothesis of the wxave nature of ma- 
terial particles, and so prepared the way for 
w^avc-])article duality, and for the further de- 
velopment of wave-mechanics. It wxis per- 
formed independently by G. P, Thomson 

DAVY EXPERIMENT. An experiment car- 
ried out by Humphrey Davy in 1799 which 
showed that tw^o pieces of ice or otlier sub- 
stance with a low melting-point could he 
melted by rubbing them together, without any 
other addition of heat. The experiment helped 
to disprove the caloric thcoiw^ of heat. 

DAY, MEAN SOLAR. The average time be- 
tween successive transits of the sun across the 
meridian at any given point on the earth sur- 


face. Tlie mean solar day forms the basis of 
air terrestrial time measurements. 

DAY SYSTEM. A bandwidth-conseiw’ation 
sj'&tem wdiich uses tw^o cpiadrature carriers 
individually amplitude-modulated by sepa- 
rate and different modulating waves The two 
modulated weaves are a(lde(l and applied to 
the transmitting medium. At the receiver, 
(he transmitted wave is applied to a pair of 
product demodulators I.ach demodulator is 
'-up])li(*d with a carrier in phase wuih the cor- 
iesp( aiding component of the n'ceivcrl carrier. 
The spo(‘lriim occupied is (he same at it w'ould 
have beer for a single carrier. 

DAYLIGHT FACTOR. The ratio of the 
dayjight illumination at any point in a build- 
ing (<) the simultaneous illumination under 
the open sky. 

DB. yVbhieviatiun A^r decibel. 

DBM. A symliol for power level in decibels 
with reference to a power of one milliwatt 
(0 001 watt) 

D-C, See direct current. 

D-C/A-C CONVERTER, MAGNETIC. See 
niagnelic modulator. 

D-C BRAKING. Se e braking, dynamic. 

D-C INSERTION. The clamping of the 

^ideo signal at the pedestal level in a bdevi- 
s]on transmitter, thus effectively inserting a 
d-c component in the* signal Tliis action al- 
lows a d-c restorer to determine tlie correct 
signal liriglitncss level at the receiver 

D-C MAGNETIC BIASING. See magnetic 
biasing, d-c. 

D-C PICTURE TRANSMISSION, The 

transmission of a television signal wdth the 
d-c component repiesented in tlie picture 
signal. 

D-C RESTORP]R. A device which clamps 
cither the positive or negative peak value of a 
waveform to some desired level. In televi- 
sion receivers the w^aveform is clamped at the 
pedestal level, thus effectively restoring the 
black level established at the studio. (See 
d-c insertion; clamper.) 

DEACCENTUATOR. A network used in 
frequency-modulation reception to achieve 
de-emphasis. 


Dead Band — Debye-Hiickel Equation, Complete 
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DEAD BAND. (1) In general, llie range of 
values through which ihe measured variable 
which is the input to the automatic controller 
can be varied without initialing effective re- 
sponse. (2) In a magnetic amplifier, a re- 
gion of input signal change which causes no 
change in the output. 

DEAD ROOM. A room which is character- 
ized by an unusually large amount of sound 
absorption. 

DEAD SPOT. ( 1 ) A location in which radio 
r(‘ee})tion over some band of frequencies is 
weak or non-existent. (2) A sjjot on a re- 
ceiver dial which lias poor or no sensitivity, 
due to inijiroper receiver design. 

DEAD TIME. See counter dead time. 

DEAD TIME CORRECTION. Correction 
to the observed counting rate to allow for 
the probability of the oecurrenee of events 
within the counter dead time. 

DEAD TIME LAG. See transportation de- 
lay. 

DE BROGLIE WAVELENGTH. A wave- 
length ascribed to any particle having mo- 
mentum. For a relativistic particle, the value 
of tliis wavelength is given by the exin-cssion: 



where X is the dc Broglie wat^clength, h is the 
Planck constant, wo is the rest mass of the 
j)article, v is its velocity and r is the velocity 
of light. The observed mass of the particle is 
VI and the momentum is rnv. 

DEBUNCIIING. 'Die action of forces of mu- 
tual n'lniLsion between electrons causing the 
bunches of electrons to spread, both laterally 
and longitudinally. 

DEBYE DIPOLE THEORY. A thcor>^ de- 
scribing the specific inductive capacity of a 
liquid composed of molecul(‘s wdtli a perma- 
nent dipole moment. If the influence of one 
dipole on another is only to modify the mean 
field, the tlioory leads to the Lorentz formula, 

€ ~ 1 471 a^n 

c 2 9 /cT 

wdiere c is tlie specific inductive capacity, ^ is 
the strength of a single dipole, n is the num- 


ber density. For liquids such as w^ater, the 
degree of mutual orientation of dipoles in 
each others fields is so great that an allow- 
ance for this effect is necessary. 

DEBYE EQUATION FOR TOTAL POLARI- 
ZATION. A relationship giving the total 
polarization of an as.‘'(‘mbly of N mole- 
cules of polarizability a and dipole moment 
/Li, at absolute temperature T, in the form: 



This equation is used wdth tlie Clausius 
Mosotti relation and the dielectric constant 
to obtain the dipole moment. 

DEBYE EQUATION OF STATE. The rela- 
tion between pressure p, and volume F, 

dUo Vd 


where y is Griincisen s constant, Uo is the in- 
ternal energy at O'Tx, and is the contribu- 
tion to the internal energy due to the lattice 
Aubrations. 

DEBYE-FALKENIIAGEN EFFECT. The 

A*ariatiou of the conductance of an electro- 
lytic solution with frequency. ''Hiis effect, 
which is noted at Iiigh frecpiencies, is also 
called the disfiersion of conductance. 

DEBYE FREQUENCY. The frequency de- 
fining the Debye temperature, 

DEBYE HEAT CAPACITY EQUATION. 
The Debye theory of .specific heat gives the 
molar heat capacity of a solid as a function 
of its Debye temperature Oi), in a relationship 
of the form: 


Avhere 


Cv = ^NkFD(9/r) 


Fd(x) = 3x-3 f 

•^0 


- 1 ) 


2 


(the Debye function). At high temperatures, 
this gives the Dulong and Petit Law, C,, 
3A^fc. At low temperatures, Cv oc T®, the 
Debye T® Approximation. {N is the num- 
ber of atoms per mole, k is the Boltzmann 
constant.) 

DEBYE-HirCKEL EQUATION, COM- 
PLETE. The Debye-Hiickel equation (which 
is stated in the entry for Debye-Hiickel lim- 
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Debye-Hiickel Limiting Law 


iting law) corrected for finite size of the ions, 
and the attraction between the ions and the 
dipolar molecules of the solvent. 

DEBYE HUCKEL LIMITING LAW. The 

departure from ideal behavior in a given sol- 
vent is governed by the ionic strength of the 
medium and the valences of the ions of the 
electrolyte, but is independent of their chemi- 
cal nature. For dilute solutions, the loga- 
rithm of the mean activity is proportional to 
the product of the cation valence, anion va- 
lence, and square root of ionic strength giv- 
ing the equation — log/,_ -- Az+z-Vp*- 
theory of electrolytes.) 

DEBYE-HUCKEL, THEORY OF CONDUC- 
TIVITY OF ELECTROLYTES. See theory 
of electrolytes. 

DEBYE-SCHERRER-HULL METHOD. A 
technique of x-ray diffraction, in which a 
beam of x-rays is directed on a iinwdered 
sample of the ma<(Tial (Ikmico the name 
“l)o^^de^ method”) and (lie diffracted beams 
K'ceived on a i)h()1()gra]d no plate. Because 
tlie powder contains crystals m every orien- 
tation, the plate slums a pattern of (onctm- 
trie rings, whieh is eharacteristic of the ma- 
terial and may be used to identify it, or to 
obtain very accurate estimates of ecll 
dimensions. 

DEBYE-SEARS CELL. A deviee for meas- 
uring velocity and attenuation of compr^'s- 
sional waves in a tran^^parciit iKpiid. (See 
Debye-Sears effect.) 

DEBYE-SEARS EFFECT. A piezoelectric 
crystal vibrating in a longitudinal mode in a 
liquid sets up acoustic waves consisting of re- 
gions of compiession and region^ oi rarefaction 
in the liquid, which alternate at distances of 
half a wavelength. Hence, if a parallel beam 
of light shines through such a crystal tank 
with plate-glass walls, the regions of density 
and rarefaction act like a plane liglit diffrac- 
tion-grating, If the parallel beam from the 
cell is focused on a single spot when no sound 
waves are present, first and higher order dif- 
fraction-spectra will appear on either side of 
the zero-order spot when sound waves are 
present. From the spacings of the diffraction 
orders, the sound wavelength can be deter- 
mined, which, together with the frequency, 
gives the velocity of sound in the liquid. 


— Decay Family 

DEBYE APPROXIMATION. According 
to the Debye theory of specific heat, the spe- 

cjfic h(‘at of a solid should always tend to 
proportionality to the cube of the absolute 
temperature at low temperatures. 

DEBYE TEMPERATURE. A parameter 
having the dimensions of temperature appear- 
ing m tlie Debye theory of specific heat. It 
IS defined by the relation 



h 


where v is tlie maximum frequency of the 
thermal vibrations of tlie lattice, h is Planck's 
constant and k is the Boltzmann constant. 
The symbol is also u'^ed somcw'hat indis- 
(M’lmiiiately in vari(;us other contexts (e g., 
eUctncal condurtiviti/ of metals) where it 
really should be defined rather differently, 
and may hjrve a rather different value. 

DERYE THEORY OF SPECIFIC HEAT. 

The specific heat of soIkK is attributed to the 
excitation of thermal vibrations of the lat- 
tice, whose spectrum is taken to bo similar to 
that of an elastic eontimium, except that it is 
cut ofl' at a maximum frequcuiey in such a way 
that the total numl^er of vibrational modes is 
equal to the lotal number of degrees of free- 
dom of (be lattice 

DEBYE UNIT. A unit erjual to 10 eJeetro- 
stalie unit of dipole moment. 

DECALESCENCE. Absorplion of heat, 
usiiallv bv an alloy without rise of lempora- 
ture, due to an allotropic transformation. 

DECAY BY NEUTRON EMISSION. See 
neutrons, delayed, 

DECAY CHAIN. See radioactive scries. 

DECAY CHARACTERISTIC. Sec persist- 
ence characteristic. 

DECAY COEFFICIENT. A synonym for 
disintegration constant. 

DECAY CURVE. Any activity curve in 
which the activity decreases with increasing 
time. 

DECAY ELECTRONS, COSMIC RAY. See 
cosmic ray decay electrons. 

DECAY FAMILY. Sec radioactive series. 


Decay Law, Radioactive — Decomposition, Sensitized 
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DECAY LAW, RADIOACTIVE. The expo- 
nential law 

N - 

which governs the decrease with time of the 
number of atoms of a radioactive species, pro- 
vided the number is large. In the above equa- 
tion, N is the number of atoms present at 
time t, No is the number of atoms present at 
time zero and A is the decay constant. The 
decay law is a statistical law so that if N is 
the number of radioactive atoms ]iresent, the 
number of wliieh will flisintegrate on the 
average in unit time is aV. The number 
whicli will disintegrate in any particular unit 
of time may not be exactly AA^ but if a laige 
miniber of ineasurenumts of the number of 
disintegrations per unit time is made, the 
values will show a Poisson distribution with 
AiV as tlie average value. 

DECAY MODULUS. In a damped harmonic 
oscillator, the time for the amjilitiide of os- 
cillation to diminish to 1/e of its initial value 
is called the deeav modulus. For an oscil- 
lator with the equation of motion 

mx + + /r = 0 

the decay modulus is 2m /R. (See oscillation, 
damped.) 

DECAY OF SOUND IN A ROOM, EQUA- 
TION FOR. Sec Franklin equation, 

DECAY PRODUCT. Any nuclide, radioac- 
tive or stable, resulting from ibe radioactive 
di^^integration of a radionuclide, directly or 
as a result of successive transformations in a 

radioactive scries, 

DECAY, RADIOACTIVE, (1) Radioactive 
disintegration (see radioactivity). (2) The 
decrease with time of the number of radio- 
active atoms in a sample, because of their 
spontaneous transformation. 

DECAY SERIES. Sec radioactive series. 

DECELERATION. N egat i ve acceleration. 

DECI-. This prefix, used before the name of 
a unit, may be read as one-tenth. 

DECIBEL (DB). The deidb. l is one-tenth of 
a bcl. The abbre\i^+ion “db’^ is commonly 
used for the term decibel. With Pi and P 2 
designating t » amounts of power and n the 


number of decibels corresponding to their 
ratio 

n = 10 logio (P 1 /P 2 ). 

When the conditions arc such that scalar ra- 
tios of currents or of voltages (or analogous 
quantities in other fields such as pressures, 
amplitudes, particle velocities in sound) are 
tlic square roots of the corresponding powrer 
ratios, the riuinlier of decibels by which the 
corresponding powers differ is expressed by 
the following formulae: 

w = 20 logio {h/'h) 

n = 20 logic (ri/Fa) 

wdiere h/Io and Fi/Fii arc the given current 
and voltage ratios, respectively. By exten- 
sion, these relations hetwot^n numbers of deci- 
bels and scalar ratios of cuiTcnts or voltages 
are sometimes apjdied w'here these ratios are 
not the square routs of the corresponding 
power ratios; to avoid confusion, such usage 
should he accomi)anied by a specific state- 
ment of this application. » 

DECIGRAM. One-tenth gram. 

DECILITER. Onc-tenth liter. 

DECIMAL NUMBER SYSTEM. The method 
of po'-itional notation using ten as the radix. 

DECIMAL POINT. The radix point in the 
decimal number system. 

DECIMETER. One-tenth meter. 

DECIMETRIC WAVES. Waves having 
v^avelengths between 1 and 01 meter. 

DECINEPER. One-tenth of a neper. 

DECODER. A device for the detection and 
Intel pretat ion of a pulse-eodc modulated (see 

modulation, pulse-code) signal. 

DECOMPOSITION, SENSITIZED. A chem- 
ical decomposition that is brought about by 
the presence of a second substance which ab- 
sorbs an exciting radiation. The essential 
mechanism of the reaction is the excitation of 
particles of the second substance by the radia- 
tion, followed by collisions between these ex- 
cited particles and molecules to be decom- 
posed. The process proceeds most effectively 
if the energy difference between the ground 
state and excited state of the sensitizer is 
nearly equal to the energy of the decomposi- 
tion reaction. 
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DECOMPOSITION VOLTAGE. The mini- 
mum electromotive force which must be ap- 
plied to a given solution and given electrodes 
to produce steady electrolysis. The value of 
the decomposition voltage is not kno\^n pre- 
cisely because the rise m the current-voltage 
curve docs not begin at a sharply defined 
point Instead the curve at fust uses veiy 
slovly with incieasmg applied voltage, m the 
neighborhood of the decomposition voltage 
there is an abrupt change in slope (a sharp 
bend) and theieaftci the cuive rises rapnlly 
AMth applied clectioinotne foice 

DECREPITATION. The omisc^ion of a 
crackling sound, commonly by crystals on 
shatteiing under the inUinal stresses result- 
ing fiom heating 

DE-EMPHASIS (POST-EMPHASIS) (POST- 
EQUALIZATION). A loim oi equalization 
complement aiy to pre-emphasis. 

DE-EMPHASIS NETWORK. See network, 
de-emphasis. 

DEFECT. A tcim used to include vaiious 
tyjies of point imperfections in solids, such as 
vacancies, interstitial atoms, etc, as distinct 
fioin extended impci fee turns such as disloca- 
tions. Laltue elelects iie paitKiilaily im- 
poitant in ionic enstaK Atlieie thew iniy be 
cieated by heating in the \ ipoi ol e le ton- 
•^tituent, thus eieitmg a stoiehiomctiie ex- 
cess, by bombardment Avith \-iays and ener- 
getic particles, etc Any ei\^tal mn'=>t con- 
tain a eeitam e^quililiiiuiu e:onecT tiation rf 
defects, as a function of tlu tcmperaliiie 
puiely as a result ol tluMunl agit xtion f^ce 
Frenkel defect, Scholtkv defect) Defects 
arc le&poii&ible for the diffusion of ions, ionic 
conductivity, and the complex phenomena re- 
lated to color centers. 

DEFECT CONDUCTION. Conduction bv 
holes m the valence band of a semiconductor. 

DEFINITE. Non-zero A positive definite 
form 18 always greater than zero A positive 
indefinite form is equal to or greater than 
zero (See kernel.) 

DEFINITION CIRCLE In impedance 
matching, a circle of constant standing-wave 
ratio suiroundmg a desired impedance on a 
complex impedance plane 

DEFLECTING ELECTRODE. See elec- 
trode, deflecting. 


DEFLECTION FACTOR (OF A CATH- 
ODE-RAY TUBE). The reciprocal of the 
deflection sensitivity. 

DEFLECTION OF LIGHT. See bending of 
light. 

DEFLECTION POLARITY OF OSCILLO- 
SCOPE. See oscilloscope, deflection polar- 
ity of. 

DEFLECTION SENSITIVITY. (1) Of an 

elc( tro'^t.itic-ileflcLtion, cathode-ray tube, 
the (piotient of the spot displacement by the 
th ingo in deflteting potential (2) Of a mag- 
netic dcfii ( tion calhode-ray tube, the quo- 
tient of Iho spot di'=5pla( ement bv the change 
m eiellectmg mugnetu field (3) Of a mag- 
iiefu -defltetion eathodc-riy tub( and yolk 
a^sdnbK the quofunt of the spot displace- 
uunt by the change in defleetmg-coil curicnt 
Deflection sdiMtiMty is u^-iially expressed in 
TUillimetoi'^ pe? \olt applied between the de- 
flecting elec tr odes or in millimeters per gauss 
of tlu deflecting magnetic ficflel 

DEFLECTION YOKE. An a^sembh of one 
or moie coils wluxse magiutu field deflects an 
elec iron beam 

DEFORMABLE BODY. A material body 
tint unde 1 goes clianges in si/c and shape un- 
de^r the mfiiuneo ot external stresses (See 
defoimation.) Di'-tinc t from i rigid body. 

DEFORMATION, liic chanee in the shape 
eu M/e of a body wlueh accompanies a stressed 
condition is called (lefoimation or strain The 
tot il .imount ot eh Jigc in aux one diicction 
IS rlie teital ekformaiion in tint liiection 
Unit lefoimation is the deformation pen* unit 
Ol length PeiUKinent eleformation is known 
ts s( t If an axial load is aiiplied to a body, 
the length and lateral (erobs-sce lional) di- 
mensions arc changed Poisson's ratio is the 
latio of latcial unit defoimation to longitudi- 
nal unit deformation 

Defoim itioii wliu h is the result of a flexural 
stiess (scM" flexure) is called bending deforma- 
tion ^he<ii ing or shear deformation is caused 
by shearing stress. 

DEFORMATION BANDS. Regions within 
a metal crystal which have assumed different 
orientations as a result of slip. 

DEFORMATION POTENTIALS. The ef- 
fective electric potential acting on a free elec* 
tron in a metal or semiconductor as a result 
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of a local defonnation of the crystal lattice. 
The scattering of electrons by lattice vibta- 
tions may be analyzed in terms of the defor- 
mations produced by the vibrations, and hence 
the corresponding potentials. 

DEGASIFICATION. Removal of gas, as 
applied particularly to the removal t)f the last 
traces of gas Irom wires used in vacuum tubes, 
from metals to he plated, and from substanees 
to be u‘^cd in other specialized applications. 

DEGASSING OF GLASS, (dass always 
contains water, carbon dioxide, oxygen, and 
traces of other gases wdtliin it and on its sur- 
face, and these are ordinarily in a state of 
equilibniim with the surroundings. When 
the pressure is reduced, howTver, the equilib- 
rium is upset, and these gases, being gradu- 
ally released from solution in and adsorption 
on the glass, spoil the vacuum. It is usual to 
drive the gases out of the glass by baking the 
glass at a tempeiature of about 350°-500'^C\ 
wdiile on the pump. 

DEGASSING OF METAL. Degassing of 
metal is necessary for the same reason as in 
degasssing of glass, but because of the larger 
(plant ities of gas jnesent in metals, more com- 
plex methods of degassing must be ('niployed. 
T]u‘^e include baking at liigli temjierature, 
e*ddy-eurrent heating, electron bombardment, 
etc. 

DEGENERACY, Pee degenerate stale. 

DEGENERACY, ACCIDENTAL. See Fenni 
resonance. 

DEGENERACY, COULOMB, See Coulomb 
degeneracy. 

DEGENERACY, EXCHANGE. See ex- 
change degeneracy. 

DEGENERATE ELECTRON GAS. An 
electron gas which is far below its Fermi 
temperature, that is, w’hieh must be described 
liy the Fermi distribution. The essential 
eharaeteristic of this state is that a very large 
proportion of the electrons completely fill the 
lower energy levels, and are unable to take 
pait in any physical processes until excited 
out of these levels. 

DEGENERATE OSCILLATING SYSTEM. 

A vibrating system with several degrees of 
freedom in s'hich the frequencies associated 


with two or more degrees of freedom may be 
equal in magnitude. 

DEGENERATE SEMICONDUCTOR. See 
semiconductor, degenerate. 

DEGENERATE STATE. In quantum me- 
chanics, w'hen different states of motion cor- 
respond to the same energy level, the states 
arc said to be degenerate. The degeneracy 
can often be removed by the application of a 
peilurbing field with the effective introduc- 
tion of a new quantum condition, i e.,. the 
breakup of one eigenvalue into several. 

DEGENERATION. Same as negative feed- 
back. (See feedback, negative.) 

DEGRADATION. lioss of energy by col- 
lision. Neutron degradation is also called 

moderation. 

DEGIUDATION OF ENERGY, LAW OF. 

A iiaiiic applied to the second law of thermo- 
dynamics (see thermodynamics, second law 
of), because of the slabuncnt that the e»- 
tropy of an isolated system is increased by ir- 
re\ ersiblc }>rocesscs involving energy changes, 
and that therefore, the sum of the available 
energy temds to decrease. 

DEGRADING OF BAND. See band, shad- 
ing of, 

DEGREE. (1) A unit of angular measure; 
2;r radians equal 360'^; (2) the degree of a 
polynomial is tlie exponent of its highest 
power; (3) the degree of a differential equa- 
tion is tlie highest ])ower of a derivative in it. 
(4) A unit of temperature or temperature dif- 
ference. 

DEGREE OF DISSOCIATION. The frac- 
tion of electrolyte dissociated into ions. 

DEGREE OF FREEDOM. See freedom, de- 
gree of, 

DE HAAS-VAN ALPHEN EFFECT, At 
very low' temperatures the diamagnetic sus- 
ceptibility of the conduction electrons of 
many complex metals shows a periodic varia- 
tion with changes of the applied magnetic 
field component perpendicular to the princi- 
pal axis of the crystal. The theory of the 
effect is complicated, but it is related to the 
shape of the Brillouin zones, arising appar- 
ently from small pockets of electrons or holes. 
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DEHUMIDIFICATION. A process used in 
air-conditioning in which air partially satu- 
rated wdth water is cooled to below the dew 
point, so that part of the water va])()r is con- 
densed. 

DEIONIZATION POTENTIAL. The poten- 
tial at which conduction in a gas-discharge 
tube stops, due to the cessation of ionization. 

DEIONIZATION TIME. The time recpiired 
for the grid of a gas-discharge tube to regain 
control after anode-current interruption. To 
be exact, the ionization and deionization times 
of a gas tube should be presented as families 
of curves relating such factors as condensed- 
mercury temperature, anode and grid cur- 
rents, anode and giid voltages, and regula- 
tion of the grid current. 

DEK\GRAM. Ton grams. 

DEKALITER. Ten liters. 

DEKAMETER. Ten meters. 

DEKATRON. A cold-cailiode counting tube. 

DEL. The differential operator u^ed in vec- 
tor analysis, souk limes also called nabla, and 
usiiallv written a.^ V. In Cartesian cooidi- 
natos it is 



When applied to a scalar function it gives the 
gradient; to vectors, it can give the diver- 
gence or the curl. There are six possible 
combinations where the operator is applied 
twdcc, although two of them (Mjiial zero iden- 
tically. If f/» is a scalar and V a vector, they 
arc: 

(1) the Laplacian; (2) V^V; (3) V(V.y); 

(4) VX (VX V) = (V-V) - V-VV: 

(5) V X V</) = 0; (G) V V X V = 0. 

DELAY AUTOMATIC VOLUME CON- 
TROL, Automatic volume control which is 
designed to act only on signals wdiicb exceed 
a certain predetennined value. 

DELAY CIRCUIT. A circuit used to cause 
the delay for a certain period of time of the 
starting of a waveform. 

DELAY DISTORTION. See distortion, de- 
lay. 


DELAY EQUALIZER. An equalizer w^hich 
is 'used to correct for delay distortion (see 
distortion, delay) in transmission systems 

DELAY-LINE MEMORY. Tn computer ter- 
minology, a tvj)e of circulating memory in 
w'hich a d(*lay line is the major clement in the 
circulation path. 

DELAY-LINE REGISTER. An acoustic or 
electric delay-line, usualh one or an integral 
number of w^ords long, together wuth input, 
output, and ciiculaiiou circuits. 

DELAYED ALPHA PARTICLES. See a- 
particles, delayed. 

DELAYED COINCIDENCE. See coinci- 
dence, delayed. 

DELAYED NEUTRONS. See neutrons, de- 
layed. 

DEI.BRUC:K SCATTERING. See scatter- 
ing, Del br lick. 

DELIQUESCENCE. The propeity td a sub- 
sfaiH'e whereby it absorbs w'ater vapor from 
the atinosj4iere, c\eritually becoming a solu- 
tion. The condition for it is that the con- 
cent Kited solution lias a vapor pres.siire 
smaller than that ol the water vapor in the 
atnio^|)her(‘. The i)roc(*ss jontmues until 
the^e vapor pre-suro^ become ecpuil. 

DELLIN(;ER effect. The sudden dis- 
appeaianei of skywave signals as a result of 
g^’catlv mcre.ised ionization in the ionosphere 
due to solar htonns. Tlie effect ina\ la^st from 
ten minute- to &e\(*Kil houiv. 

DEIDCALIZATION ENERGY See reso- 
nance energy. 

DELTA. (1) Finite difb'rcnce (A or S). (2) 

Symbol for a double bond. (Tliis is a com- 
mon chemical usage (A). I (3) Symbol for 
application of heat in the cour'^e of a chemical 
reaction tA). (4) Angle of deviation (S), 
angle of minimum deviation (5) Devia- 
tion (S). (6) Difference in jiha^o (S). (7) 

Total elongation (deflection) (S). fS) Optical 
length (A). (9) Acoustic conductivity of an 

opening (S). (10) Sag or deflection of a beam 
(8). (11) Distance between adjacent foci of 

two lens units (A). (12) Piezoelectric strain 

constant or modulus (8). (13) Electronic 

state of molecule having a A-value of 2 (A). 
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DELTA CONNECTION. The Delta connec- 
tion is one of the two most frequently used 
ways of connecting a three-phase alternating- 
current circuit. The other is the Y connec- 
tion. A threc-ptia.se machine has throe coils. 
These eoils have six ends which must, in some 
way, he connected to the three wires of a 
three-phase circuit. The Delta eonncetion, 
as illustrated in the accompanying figure, has 

3 Phase Line 


A y 

DclUi connect lou and Y (onnf'cuori coinjiaicd 

the coils connc(‘t(‘(l tit three poinis corre- 
sponding to the tliree-])lnise circuit. When 
this is Compared with the Y connection, it 
W'ill become apparent that the line voltage in 
Delta connection equals the coil voltage, and 
that the lino current in Y connection e(|uals 
coil current. F('r a lialaneed Dt’lta load th(‘ 
line current is times the phase (or coil) 
current, 

DELTA FUNCTION. S( e Dirac delta func- 
tion; Kronecker delta. 

DELTA-MATCHING TRANSFORMER. A 

matching ludwork (see network, matching) 
used betw(‘cn lialf-wave anbainas and tw'o- 
wire transmisMoii lines The antenna is not 
cut, as its center und the transmission lines 
are fanned out before connection to it. The 
resultant delta-sliaped pattern gives the net- 
work its name. 

DELTA NETWORK. See network, delta. 

DELTA RAY. An electron that is ejected 
by recoil when a rapidly-moving cliarged par- 
tiele, e.g , an oc-iiarticle, ])asses through mat- 
ter. The use of the term delta ray is some- 
times extended t(j apply not only to electrons, 
but to any secondary ionizing particles ('jocted 
by recoil when a primary ionizing particle 
passes through matter. 

DELTAMAX. Trade name for an oriented 
5()9f nickel, 50% iron alloy. 

DEMAGNITIZATION FACTOR. See de- 
polarization factoi, demagnetizing field. 

DEMAGNETIZING FIELD. A body of mag- 
netic materio’ subject to an applied mag- 


netizing force Ha is acted upon by a net 
magnetizing force, 

H = Ha - AH 

where tlio demagnetizing field aH is inter- 
preted as being due to the poles induced on 
the surface of the body. In the case of a per- 
maiu'nt magnet wdth Ha — 0, the demagnetiz- 
ing field is readily seen to be the field of the 
magnet itself, which ahvays has such a direc- 
tion as to oppose the magnetization. The ex- 
istence of a demagnetizing field is a necessary’’ 
consequence of the fact tha^ energy is stored 
in the field external to the magnetized body, 
and that the sum of this (uiergy and the in- 
teiTial energy must lie minimized at equilib- 
rium. The demagnetizing field is approxi- 
mately proportional lo the magnetic moment 
density; 

N / 6 \ 

ah = N.]f - — ( II) 

‘Ltt \yrn / 

w'ith the factor in d(‘leted for rationaliz(*d 
units. The proportionality factor N is called 
the (leinagnetizing factor, and dt‘pends prT- 
marily on the sha])e of the body. 

DEMAL SOLUTION. A solution w’bich con- 
tains one gram-equivalent of solute per cubic 
decimeter of solution. It is slightly weaker 
than a normal sfdution, in the ratio of the 
magnitude of the liter to the cubic deeimeter. 
The unit denial is used in conductivity meas- 
uremi’nls. 

DEMODULATION (OR DETECTION). 

The process by which information is derived 
from a modulated waveform about the signal 
imparted to the w^aveforin in modulation. 

DEMODUL\TION, ENHANCED - CAR- 
RIER. An amplitude-demodulation system 
in which a synchronized local carrier of the 
pro]ier phase is added to the demodulator. 
This has the effect of materially reducing the 
distortion produced in the demodulation 
process. 

DEMODULATOR. A device to effect the 
process of demodulation. 

DEMODULATOR, DIODE. A rectifier de- 
modulator, sometimes an envelope demodu- 
lator. (See demodulator, rectifier; and de- 
modulator, envelope.) 

DEMODULATOR, ENVELOPE. A recti- 
fier demodulator (see demodulator, rectifier) 
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whose output is shunted by a capacitance, 
thus causing the output to be proportional to 
the peaks of the rectified amplitude-modu- 
lated carrier. If low distortion is desired, 
this process may be used only where the ratio 
of carrier to the highest modulation frequency 
is quite large. 

DEMODULATOR, FREQUENCY. A de- 
vice which will produce an output propor- 
tional to the variation of the instantaneous 
frequency of the in])ut voltage. Ideally it 
will be insensitive to variations in the ampli- 
tude of the injiut wave. 

DEMODULATOR, PRODUCT. A device 
^\hosc output is the product of two inputs, 
those being the amplitude-moduhited earner 
and a locally-generated volfage of caiTier 
frequency. This is basically tlie haine device 
as a iiroduct modulator (see modulator, prod- 
uct), and v\ith proper filtering, can ])]oduee 
an output proportional to the original modu- 
lation 


DEMODULATOR, RECTIFIER. A device 
consisting of a diode or diodes through which 
the amplitude-modulated canier passed 
'The resulting reelified out])ut has an aveiage 
\alue ])roportional to ilie (H’lginal modulation. 
With condition^ approMinatiiig a perfect 
rectifier, tlic linearity of the device .s quite 
good below \{V/f modulation 

DEMODULATOR, SQUARE-LAW. A de- 
vice whose output voltage is ])ro|)»jrtional to 
the square of its input voltage. An ampli- 
tude-modulated earlier i)assmg tlirough such 
a device produces an out])ut containing the 
original modulation signal as w(‘Il as distor- 
tion products. The distortion products in- 
crease rapidly as the percent modulation in- 
creases. 


DE MOIVRE THEOREM. Any power of a 
complex number in polar form is gicen by 

lr(cos e + i sin 6)]^ = r”(cos nd + i sin nS). 

This formula holds when m is a positive or a 
negative integer. It also holds when ti is frac- 
tional, but may then be witten in the more 
general form: 


[r(cos 6 + i sin 

fc-360" 


-- ^l/n 


COS- 


-f- i sin ■ 




n 


where k takes the values of 0, 1, 2, • • •, (n— 1) 
arid where denotes the principal 7ith root 
of r. The theorem gives all of the nth roots 
of any number. 

DEMOUNTABLE TUBE. An electron tube 

whi(‘h may he taken apart for in'-pcction or 
repair. Ilsually limited to large-sized units 
which are continuously-pumped during opera- 
tion. 

DEMPSTER POSITIVE RAY ANALYSIS. 

A metliod of separating jiai-ticlcs of different 
charge-to-mass ratios. The particles are 
caused to fall through a definite potential 
diffenmee. A narrow liundle is separated out 
l)y a slit and bent into a semicircle by a 
strong magnetic field; the rays then pass 
through a second slit and fall on a plate con- 
nected lo an electrometer. Tlie potential dif- 
feri‘nce T", the magnetic field II, and the ra- 
dius of cur\aturc r determine the charge-to- 
mass ratio, since 


q 2V 

m ii-7^' 

DENDRITE. A cry-tal, usually produced by 
solidification of liquid, and characterized by 
a 1ie(‘like structure with many branches. 

DENSE SET. A set w^ho'-e accumulation 
points m(‘Iud(* all iiomts ot tlie complement. 

DENSIMETER. Any instrument used to de- 
ttrmino density. 

DENSITOMETER. An instrument for the 
iiH jiMinMiient of optical density (photographic 
transmission, photograjfiiie reflection, visual 
trail mis'-um, etc ) of a material. 

DENSITOMETER, BAIRD. S( c Baird den- 
sitometer, 

DENSITY. (1) The ratio of the mass of a 
homogeneous body to its volume. The ave- 
rage density of a non-homogeneous body is 
similarly defined, bul the density of any por- 
tion of such a body is the ratio of the mass 
of tlvit poidion to its volume. (2) In Icngth- 
forci -time systems of units, the term density 
is sometimes used to denote weight per unit 
volume, rather than mass per unit volume. 
(3) By analogy, the ratio of the number of 
particles or total amount of such a quantity 
as energy or momentum, carried by or con- 
tained in a volume to that volume. Thus one 
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speaks of energy density, electron density, 
charge density, etc. 

DENSITY, ABSOLUTE. Mass per unit vol- 
ume, understood to be expressed in grams per 
cubic centimeter when no units are specified. 

DENSITY, DIFFUSE. A quantity defined as 
the logarithm of the reciprocal of the diffuse 
transmittance. (See transmittance, diffuse.) 

DENSITY, LUMINOUS. The luminous en- 
ergy (sec energy, luminous) found in a unit 
volume of space. 

DENSITY, NORMAL. The mass of unit vol- 
ume of a gas under standard ooiulitions (tem- 
perature at 0°(), pressure at 760 niillinu'ters 
of mercuiy, at sea level, and at latitude). 

DENSITY OF MATTER IN UNIVERSE. 

Values of the average density of matter m 
the universe have' been quoted between 10 
and 10“*'*® g cm“^. 

DENSITY, PHOTOGRAPHIC. See optical 
density, photographic. 

DENSITY, RADIANT. The radiant energy 
(see energy, radiant) found in a unit volume 
of space. 

DENSITY, RELATIVE. The ratio of the 
mass of a gu'en volume of a substance to 
that of the same volume of another substance 
chosen as a staiiflnni. (Cf specific gravity.) 

DENSITY, SPECULAR. The logarithm of 
the reciprocal of the sp('cular transmittance. 
(See transmittance, specular.) 

DENUMERABLE, DENUMERABLE SET. 
A set, whose f)omt^ can Ix' ])hic(Ml in one-to- 
one eorresj^ondcTice wiih the sequence of jiosi- 
tive integers. Otlu'rw is(\ the s(*t is non-de- 
nurnerable. 

DEPLETION LAYER (IN A SEMICON- 
DUCTOR). A region in which the mobile 
carrier charge density is insufficient to neu- 
tralize the net fixed cliargc density of donors 
and acceptors. 

DEPOLARIZATION. The process of re- 
moving polarization. Examples are: (1) depo- 
larization of an electric most commonly 
a dry cell, as effe^^ted by ilie action of a de- 
polarizer; (2) elrit*^c depolarization or de- 
magnetization as effected by a depolarization 
field, and a- related by the depolarization 


factor; (3) depolarization of light as accom- 
plished by a device for resolution of polar- 
ized light. 

DEPOLARIZATION FACTOR OR DE- 
MAGNETIZATION FACTOR. The factor 
N relating the depolarization field E to the 
l)olanzation P of the specimen, by the rela- 
tion E = —NP. For example, the depolari- 
zation factor for a sphere is 47r/3 about any 
axis. For a circular cylinder (long) it is 27r 
about a transverse axis, and 0 about a longi- 
tudinal axis. For a thin slab, it is 47r about 
a noimal axis, and 0 about an axis in a plane 
of the blah, etc. All the factors arc given in 
imralionalizcd units. (See demagnetizing 
field.) 

DEPOI.ARIZATION FIETD. When an 
electric or m.agnetic field is applied to a mac- 
roscopic bpecimen, the field acting on a given 
atom contains a coni rihut ion clue to the 
charges or {lolcs induced on the surface of 
the ^jiecimen. This field opposes the external 
apfilied field, and hence tends to r('duc(‘ \]^ 
polarization of the material. (Sec demag- 
netizing field.) 

DEPOLARIZATION OF METAL DEPO- 
SITION. If a metal being deposited by 
electrolysis can form a compound wWh the 
cathode, whicli compound dissolves in tin* 
cathode material, then deposition can occur 
at a potential le^s cathodic than the revers- 
il)le value. 

DEPOLARIZER. An agent or means for the 
j)re vent ion or removal of polarization. Thus, 
an electrical depolarizer is a substance added 
to a ^Mry'^ batteiy (a cell used to generate 
electricity by a chemical reaction) to pre- 
vent the accumulation of reaction products 
that interfere with the functioning of the cell. 
The term electrical depolarizer is also applied 
to a diaphragm placed in an (‘lectrolytic cell 
to prevent mixing of the reaction products. 
An optical depolarizer is a device for the 
resolution of polarized light. 

DEPOSITION, ELECTRICAL. The depo- 
sition of elements from solutions of their com- 
pounds upon an electrode in an electrolytic 
cell. One faraday is required for the deposi- 
tion of one gram-equivalent of any substance. 

DEPRESSION. A region over which atmos- 
pheric pressure is lower than surrounding re- 
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gions. A depression, of necessity, has cy- 
clonic winds. (See cyclone.) 

DEPTH. In radiation physics, the radiation 
dose delivered at a particular depth beneath 
the surface of the body. It is usually ex- 
pressed as percentage of surface dose or as 
percentage of air dose. (See dose, and dose, 
air.) 

DEPTH OF FIELD. A photographic term 
referring to the distance over which satisfac- 
tory definition is obtained when the lens is in 
focus for a certain distance. If, for example, 
a lens is in focus for an object at a distance 
of 25 feet and the definition is satisfactory on 
objects from 20-40 feet, the depth of field ex- 
tends from 20-40 feet. Dejith of field is fre- 
quently but incorrectly termed depth of focus, 
wdiich is the range of image distances cor- 
responding to the range of object distances 
covere<l by the depth of field. 

DERIVATIVE. The insi antancous rate of 
change of a function wdtli respect to its in- 
dependent variable The usual symbol is 
dy/dx but 7 /, j'(x), and other designations 
are also used. If the fund ion y = fix) is 
plotted in rectangular cooidinat(>s. tlie slope 
of the eurve at the jioint .r — x^ is its deriv- 
ative, dy/dx, at that point, anrl is 

/dy\ . /(.r + A.r) ~/(j) 

I — 1 = Limit - — • 

v/x/^o 

(See also derivative, partial and derivative, 
total.) The symbol y is often used to indieate 
dy/dt where t is time. 

DERIVATIVE, DIRECTIONAL. If u is a 
unit vector, the quantity its scalar 

product with the gradient of a scalar func- 
tion, is the rate of ehangc of <1^ in the direc- 
tion of u or the directional derivative of d> 

DERIVATIVE, HIGHER. The derivative of 

the derivative of a function y =‘ j (x) . The 
derivative of the second order is written in 
various forms, thus: d'^y/dx^, T)J^yj /"(x). 

1/". Similar notation is used for deriva- 
tives of third and higher order. In general, 
the nth derivative is the derivative of the 
(n - l)th derivative and it could be desig- 
nated as d^y/dx^, or 

DERIVATIVE, PARTIAL. Let n = /(x, 1 /, 
Zf • • •) be a function of two or more variables. 
Keep all the variables constant except one. x 


for example, and give x an increment Ax. If 
Au is the corresponding increment in u, then 


the limit lim 

z— »0 



u with respect to x. 


is the partial derivative of 

du 

It is denoted by — ♦ or, 

dx 


especially in thermodynamics. 



where the subscripts indicate the variables 
held constant during the differentiation. The 
partial derivatives du/f)y, du/dz, etc., are de- 
fined similarly. 

In general, the partial derivatives are them- 
selves functions of x or ?/ or both. They may 
thus be differentiated again to obtain partial 
derivatives of higher order: 


d^U 

1 

u\ d^ll 

dx^ 

dx \d 

x) ^ dxdy 

d^U 

d /du'" 

V d^U 

dydx 

IJ5 

1 

/ ' dx^ ” 


f(r)’ 

dx \dy/ 



; etc. 


The abbreviated notation 7/jj., Ujy, f'tc., 

is oft (Ml used. 

If tlie mi\(sl derivatnes, Hr,, and are 
continuous, then they an^ cepuil. 

S(‘c aho derivative, total. 


DERIVATIVE, TOTAL. If 7^ = /(x. ?y, 2 , 
••') IS a function of s('\cral variables, each 
of v^lr.ch Jlsclf i> a fiuictlon of a single inde- 
liendcnt vai’iahlc thi'n tlie total derivative 
is 

da du dx du dy du dz 

— = - -j_ — — ^ 

dt dx clt dy (If dz (It 


DESCARTES LAWS OF REFRACTION. 

The incident and refracted rays (a) are in 
the same plane with the normal to the sur- 
face, (h) they lie on ojiposite sides of it, and 
(c) the sines of their melinatiuns to it bear 
a constant ratio to one anotlu^r, the ratio de- 
pending orilj^ on the two media involved, not 
on the angles with the normal. Descartes 
ap])lie(l these la^vs only to ordinary isotropic 
media. 


DESCARTES RULE OF SIGNS. If in pass- 
ing from one coefficient of a polynomial equa- 
tion to the next, there is a change of sign 
from plus to minus or from minus to plus, 
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this is called a variation of sign; a succes- 
sion of two like signs, either both plus or 
both minus is called a permanence of signs. 
The number of positive roots of a polynomial 
equation Fix) --- 0 with real coefficients is not 
greater than the number of variations of 
sign in the polynomial, and the number of 
negative roots is not greater than the num- 
ber of variations of sign in the polynomial 
Pi-x). 

DESENSrnZATION. The action of render- 
ing a photographic emulsion or other material 
less subject to reactions brought about by 
light. 

DE SITTER UNIVERSE. Model of the uni- 
verse in which the inten’al Ixdween two 
events is given by that for the Einstein uni- 
verse with, however, replact'd by 



May be regarded as the four-dimensional sur- 
face of a sphere im])cd(l(*d in five dimensions. 

DESLANDRES, LAWS OF. 1st Law. In 
band spectra, the oscillation frequencies of 
the lines starting from one head form arith- 
metical scries. More than one such series can 
proceed from the same head. 

2nd Law. The differences in frequcaicy of 
the heads of the bands in each group form 
an uritlimetical series, hut the aTrangemcnt 
of the heads is reversed from that of tlie lines 
forming each band. 

DESORPTION. The reverse of absorption 
or adsorption, as in the relea‘-o of one snl)- 
staiice which lias been “taken into’^ another 
by a physical process, or th(' release of a sub- 
stance wdiich has been held in concentrated 
form u])on a surface. 

DESTRUCTION OPERATOR. An operator 
which, applied to a state vector describing 
a system in wdiich n particles arc present, 
yields a state vector ipn-i which describes the 
system wdth n — 1 particles present. 

DETECTOR. (1) A demodulator. (2) A 

device used in a bridge ciicuit on other meas- 
uring device to indicate rte existence of a 
null or balance ^''lulition. (3) Any device 
w'hich indicates tiie presence of an entity of 
interest, such as radiant energy, without yield- 
ing a quantitative measurement. 


DETECTOR, BALANCED. (1) Demodula- 
tor for frequency-modulation systems. In one 
form the outi)ut consists of the rectified dif- 
ference of the two voltages produced across 
tw'o resonant circuits, one circuit being tuned 
slightly above the carrier frequency and the 
other slightly below. (2) A detector for 
bridge or other null circuits, which include a 
balanced amplifier. (See amplifier, bal- 
anced.) 

DETECTOR, CARBORUNDUM. An early 
crystal rectifier wdiich used the semiconduc- 
tor, carborundum. 

DETECTOR, CHARGED POINT. A radia- 
tion counter which utilizes the principle that 
the a}>plied voltage necessary to produce a 
breakdown discharge from a charg(‘d con- 
ducting-point can be greatly varied by ir- 
radiating the gas in the neighborhood of the 
jioint with, for example, x-rays or a particles. 

DETECTOR, GRID-LEAK. A type of cn- 
veloiio-demodulator (si’C demodulator, enve- 
lope) which employs thi* grid of a vacuum 
tube as the rectifier. The grid circuit con- 
sists of the inj>ut, the “grid-leal:” resistor, 
and llie giid-giound terminals of tlie tube. 
A capacitor is jdaced across the resistor so 
that tlu* rt'ciprocal of their lime constant is 
l(‘ss than the highest modiilating-frequency, 
and larger than the carrier-frcqucncy. This 
apparatus is more seii'^itive than the basic 
diode enveloi)e-demodulator, because the 
eijjuivalent fliodi* ‘signal is amplified by the 
tube However, because of the inherently- 
poor operating point required for this mode 
of operation, the distortion is generally quite 
high. 

DETECTOR, HOMODYNE. A product 
aiiiplitu(ic-dcmudulator (see demodulator, 
product). When provided with suitable ac- 
cessory circuitry, it may also be used as a 
freciuency-modulation discriminator. 

DETECTOR, INFINITE IMPEDANCE. A 

form of the plate detector (see detector, 
plate) in which the detector load resistance 
is connected in the cathode circuit. The grid 
is negative at all times, and thus draws no 
current. The negative feedback action of 
the cathode follower causes the distortion to 
be quite low. 

DETECTOR, INFRARED. Since infrared 
radiation is not visible to the eye, it must 
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be detected by some physical device. These 
fall in a number of classes. 

I. Heat Engine. A device which is warmed 
by the absorbed radiation and this rise in 
temperature results in some observable phe- 
nomenon. 

a. Thermocouple. Rise in temperature 
produces an emf. 

b. Bolometer and Therrni‘<ter. A rise in 
temperature changes the resistance of a 
conductor through which a small elec- 
tric current flows. 

c. Pneumaiic Device. A rise in tempera- 
ture increases the pressure (and volume) 
of a small volume of gas and this change 
is observed. 

Such detectors are independent of the wave- 
length of the radiation in so far as the re- 
ceiving surface is “blacl;.” 

II. Photocondiiciive. Certain semiconduc- 
tors become more conductive when irradiated 
with certain radiations. The waivclength 
must bo sufficiently short, that is, the ]>hotons 
riuffieicntly energetic, to lift an electron from a 
hound level to a conduetion level. Such de- 
leetors are very wavelength-sensitive. Load 
sulphide and lead telluride propt'rly sensitized 
with a suitable impurity, commonly nxyjien. 
are well known pliotoeonduetive detectors. 
This field is presently (1956) being rapidly 
developed and new' and better photoconduc- 
tive detectors arc appearing. 

III. Photoemissive. ^lost surfaces when 
irradiated with radiation of sufficiently short 
w'avelength (sufficiently energc'tic ]ihotons) 
emit electrons which may l)e obsoiwod in vari- 
ous ways. Only few surfaces respond to th(' 
w'eak photons associated with short infrared 
radiation. The surface wdiieh emits electrons 
when irradiated wdth the longest infrared ra- 
diation w'hich may be detected by this method 
(about 1.2 microns) is a special silver, oxygen, 
cesium surface (1956). 

IV. Photographic. Photographic emulsions 
when dyed with certain dyes become sensi- “ 
tive to infrared radiation out to about 1.2 
microns. 

V. A considerable number of other possible 
infrared detectors are presently (1956) being 
studied. Some of these offer considerable 
promise but have not yet shown superiority 
over those mentioned above. 


DETECTOR, OSCILLATING (BEATNOTE 
DETECTOR). A demodulator which is 
eitlier oscillating or fed from an external os- 
cillator. In either case the frequency of os- 
cillation is made to be sufficiently close to 
the unmodulated carrier being received so 
that an audible heterodyne frequency is pro- 
duced. 

DETECTOR, PERIKON. An early form of 
crystal rectifier used as a detector. 

DETECTOR, PHASE-SENSITIVE. A de- 
tector (2) wdiich responds only to input sig- 
nals having the same frequency as the con- 
trol signal and a specified phase relative to 
that signal. 

DETECTOR, PLATE. Sometimes called the 
“aiuale ))end detecLoi,” it involves operation 
bwvards the point of plate-current cut-off so 
that non-linearity oeeiirs. thu‘> giving rectifi- 
cation. Seiisilivity is generally fairly low, 
and distort ion is (luite high 

DETECTOR, RATIO. A f-m discriminator 

wliich utilizes the ratio of two intermediate- 
freciuency voltages wdiose relative magnitudes 
aie a function of frequency, rather than the 
difference' of those potentials as in the case 
of ihe Armstrong discriminator circuit. 

DETECTOR, REGENERATIVE. A de- 
modulator whose gain or conversion ratio is 

increased by the addition of positive feed- 
back or regeneration at the carrier frequency. 
Th(' sensitivity, small-‘=;ignal selectivity, and 
distoidion are iiKToased over that found in a 
detf'ctor w'ithout regont'ration 

DETECTOR, SELF-QUENCHING. A su- 

nviTcgenerative detector which is made to 
.sqiiegg (see squegging) at a supersonic fre- 
quency, thus eliminating the necessity for an 
( xtiTiial quenching oscillator. 

DETECTOR, SILICON. A silicon semicon- 
ductor rectifier or diode. 

DETECTOR, SWITCH. A detector which 
extracts information from the input wave- 
form only at instants determined by a se- 
lector pulse. 

DETECTOR, SYNCHRONOUS. A detector 

(2) which is sensitive only to signals at or 
near to a given frequency. This frequency is 
identical with the frequency of a control sig- 
nal supplied independently. Synchronous de- 
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toctors are used in bridf^e and other null cir- 
cuits as anti-noise devices. I'hey are phase 
sensitive as well as frequency selective. One 
form consists of a balanced amplifier in which 
the si^^nal is applied to the grids of two tubes, 
while the control signal is supplied to their 
plates or to an additional grid. The difler- 
cnce of their output currents, or of simple 
functions of their output currents is then 
measured. Sometimes called a lock-in ampli- 
fier. Other forms use rectifiers in a bridge 
circuit or an electrodynamometer with its 
two coils separately excited. 

DETECTOR, THERMAL. thermal de- 
tector. 

DETECTOR, TRAVELING. A device for 
measuring electric fic Id intensity in a wave- 
guide as a function of distance along the 
guide. 

DETERMINANT. A .scpiare array contain- 
ing /r elements and said to be of order n. 
It may he develoiied to give a single numbin’ 
or, more geiuTally, a linear combination of 
products. To evaluate a detenniiiant of or- 
der rty form all products, n\ in number, ))y 
taking one element A,;, from each row and 
column. Tlie subscripts in the ])rodiicts, i, 
' and A’, k\ A'", * ’ • will then include 
all pcrmulations of the numbei's 1, 2, *•*, n. 
Rearrange the sidiscrifit^^ i so that these num- 
ber*^ are in their natural order. The second 
siib‘^cri])ts k will Ihcn require either an oven 
number or an odd number of interchanges to 
return them aNo io the natural order 1, 2, 
• • •, V. The value of the detenniiiant is de- 
fined as 

1^1 = det ‘--Ank^ 

wliere the summatiuii is made over all jicrmu- 
tations k\, k>j, • • - of the subscripts k and h 
is the number of interchanges needed to re- 
store* the natural order. 

Another method of evaluation is the La- 
place development. For further projierties of 
determinants see minor, cofactor, rank, Cra- 
mer rule, linear equation. (Sec also Gram 
determinant, Jacobian, secular determinant, 
Wronskian.) 

DETERMINATE STRUCTURE. Any struc- 
ture in which the ioactions and stresses can 
he found by iiieans of the equations of statics 
only is a deiv-.ninatc structure. If a sufficient 


number of such equations cannot be set up 
from known conditions, the structure is not 
statically determinate. If the number of pos- 
sible independent equations is greater than 
tlie number of unknown stresses and reac- 
tions, the structure is overdetermined. 

DEUTERIUM. The isotope of hydrogen of 
atomic weight 2.0147. 

DEUTERON. The rmcleus of the deuterium 
atom (the atom of the hydrogen isobipe of 
mass number 2). 

DEVELOPER. A reducing agent used in the 
development of films and other materials 
containing photosensitive substances which 
have been exposed to the action of light. 

DEVELOPMENT. (1) In general, develop- 
ment is the growTh and differentiation in the 
structure of an entity, such as a crystal or an 
organism, and the acquisition of new charac- 
teristics. 

In photography, develo]>mcnt is a process 
wdiereby the exposed light-sensitive film or 
other material is treated wdth a chemical 
agent io reduce or otherwise change enough 
of the photosensitive substance (such as sil- 
ver bromide to free silver) in order to pro- 
duce a visible (reverse) image of the object 
jihotographed. This step is necessar>^ hccause 
the initial exposure merely transfonns enough 
of the plioto'^ensitive sulistance to serve as a 
starting point (probably as a system of nu- 
clei) for the development. 

(2) In descriptive geometry, the rcfluction 
of any ruled surface to a plane figure which 
may bo bent or rolled, without distortion, into 
the original surface. 

DEVIATION. (1) Sec average deviation; 
standard deviation. (2) The angle through 
wdiich a light ray is bent by refraction or dif- 
fraction. 

DEVIATION, FREQUENCY. In phase 
modulation and frequency modulation (see 
modulation, phase; and modulation, fre- 
quency) the peak difference between the in- 
stantaneous frequency of the modulated wave 
and the carrier frequency. 

DEVIATION LOSS, ANGULAR. Of a trans- 
ducer used for sound emission or reception, 
an expression, in decibels, of the ratio of 
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the reference response observed on the prin- 
cipal axis to the transducer response at a spe- 
cified angle from the principal axis. 

DEVIATION, MINIMUM ANGLE OF. 

The angle of deviation in a prism is a mini- 
mum if the entrant ami exit rays make equal 
angles with the surfaces of the prism This 
angle is of particular interest in prism spec- 
troscopes because it can be easily determined 
and a relati^cly simple fonnula connects the 
angle of the prism (A), the angle of minimum 
deviation (D) and the index ojf refraction (n) 
of the j)rism. 

DEVIATION, PHASE. In i)hase and fre- 
cjuency modulation, the peak difierciice be- 
iwem the instantaneous angle of the modu- 
lated wave and the angle of the carrier 

DEVIATION RATIO. In a freqiicncv-mod- 
ulation system (sec modulation, frequency), 
the ratio of the maximum fre(iueney devia- 
hon to the niaxinnun modulating frequency 
(d tlie system. 

DEVIATION SENSITIVITY. The h ^t fic- 
fiucney deviation (see deviation, frequency) 
that produces a specified out]nit power. 

"DEVITRIFICATION.” Crystallization of 

glass causing embrittlement and los^- of trans- 
parency, The process occurs most rapidly 
in the temperature range in which the viscos- 
ity of the glass is i)etweeii 10'^ and jO^ pois(*s 
and this temperature range is therefore called 
the “devitrification range.” 

DEW. If air in contact with any surface 
is cooled at the surface to a temperature be- 
low its dew point, some of the water vapor 
present in the air will condense onto the cool 
surface as liquid water or dewx Wlien tem- 
peratures are below freezing, hoarfrost fonns 
instead. 

DEW POINT. The temperature at which 
the actual content of water va])or in the at- 
mosphere is sufficient to saturate the air with 
water vapor. If the atmosphere contains 
much water vapor the dew point is higher 
than in the case of drier air, so that the dew 


point is an indication of the humidity of the 
atfnosphcre. 

DEW-POINT HYGROMETER. See hy- 
grometer. 

DEW-POINT METHOD. See vapor pres- 
sure, methods of measurement. 

DEWAR FLASK. A ves.^el with a double 
wall, in which the region between the w^alls 
has been evacuated, and m wdiich tlie w^alls 
bordering lhi«- s])ace have been silvered. With 
this ( oiisl ruction the region wnthin the inner 
container is veiy wa*ll insiilaied from tlic out- 
side The vess(‘l is commonly used for stor- 
age of liquefied gasi's. 

D-F. Abbreviation for direction finder. 

D-G ACHROMATIS^f. A correction for 
chromatic aberration based on the yellow D 
and blue G lines instead of the customary 
C and F lines. D-G achromatism is com- 
mon (or ])ho(ographic achromats. 

DIACAUSTIC. A caustic caused bv refrac- 
tion. 

DIACTINISM. The propcady of transmit- 
ting eliemically acthe radiation 

DIAGONAL. Sei' matrix, diagonal. 

DIALOGUE EQUALIZER. A filler some- 
times used to decrease the low -fioquenpy re- 
sponse of a wude-range audio system being 
Used for speech. 

DIALYSIS. The process of separating com- 
pounds or materials by the difference in their 
rat<^^s of diffusion through a colloidal semi- 
jiermcahk membrane. Tims, sodium chlo- 
ide diffuses cle\en times as fast as tannin 
and twenty-one tinier as fast as albumin. 
(See dialyzer.) 

DIALYSIS, ELECTRO. Dialysis which is 
acceleiated or otherwise modified by placing 
the semipenueablc membrane between elec- 
trodes to which a direct-current potential is 
applied. 

DIALYZER. An apparatus for carrying out 
a dialysis, usually consisting of iwo chambers 
separated by a semipermeable membrane of 
parchment paper latex, animal tissue, or other 
colloid. In one chamber the solution is 
placed, and in the other, the pure solvent. 
Crystalline substances diffuse from the solu- 
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tion through the uiombranc and into the sol- 
vent much more rapidly than amorphous sub- 
stances, colloids or large molecules 

DIAMAGNETIC. Diamagnetic substances 
have a negative magnetic susceptibility and 
a permeability less than unity. 

DIAMAGNETIC SUSCEPTIBILITY OF 
CONDUCTION EI.ECTRONS. The free 
electron gas in a metal is diamagnetic in 
virtue of its charge, with a volume suscepti- 
bility 

Xd = N^n^/2kTp 

where fiB is the Bohr magneton, Tp the Fermi 
temperature, N the nuinlxM* of (dectrons {)er 
unit volume, and k the Boltzmann constant. 
This susceptibility is distinct from the para- 
magnetic susceptibility of the electrons, and 
according to the band theory of solids varies 
in^'e^sely as the cffecti\e mass. If ihe effec- 
tive mass is very small, more evact tlu'ory 
hauls to the yduaiomona of the de Ilaas-van 
Alphen cflFect. 

DIAMAGNETISM. Diamagmdism is an in- 
teresting phenomenon found in many sub- 
stances; the magnetization ojiposes llie mag- 
nclizing force, i.c , the susceptibility is iiega- 
tive, or /i* < 1. All materials exhibit diamag- 
netism which results from the Larnior preces- 
sion of spinning or rotating charges in the 
magnetic field. In paramagnetic materials, 
the ('ffect of dipole orientation in the field is 
greater than that of the intrinsic diamag- 
netism. (Sec Langevin theory of diamag- 
netism.) 

DIAMAGNETISM, LANGEVIN FOR- 
MULA. The equation for tlie diamagnetic 
susceptibility for an assembly of N atoms 
per unit volume is 



where is the mean square radial distance of 
the electrons from their nuclei, and Z is the 
atomic number (c, m, r as usual). This formula 
was originally derived classically by Langevin, 
and corrected quantum-mechanically by Pauli. 

DIAMAGNETISM, LANGEVIN THEORY 
OF. See Langev!<i theory of diamagnetism. 

DIAMOD. The name applied to a form of 
rectifier mouulator. 


DIAMOND ANTENNA. See antenna, dia- 
mond. 

DIAMOND-GRID RADIATOR ANTENNA. 
Sec antenna, diamond-grid radiator. 

DIAPHANOMETER. An instrument used 
to measure the degree of transparency of sol- 
iris, litiuids, or gases. 

DIAPHRAGM. (1) Usually a separating 
wall which transmits or passes substances or 
stresses selectively. Thus, a diaphragm with 
many small openings is used in electrolytic 
cells 1o permit passage of ions and yet to 
segregate reaction products, I'liaphrogms 
witli a single ojMaiing, that may be adjustable 
in {-ize, are used to control flovv of substances 
or radiations, as in tlic camera. (2) In acous- 
tics, a vi])raiing element, as in the loud- 
speaker, t(‘lei)hone and other sound-sources; 
and the diaphragm of the human ear. 

DIATIIERMANOUS. Highly transi)arcnt to 
infra H'd radiation. 

DIATHERMY. Tl\c use of high-frequen(^ 
electromagnetic waves to generate heat in 
living tissue for Iherapentie jiurposes. 

DIATHERMY MAGIIINE. An oscillator, 

usually electronic, used to generate the higli- 
friKpieney voltages used in diathermy. 

DIGHROISM. The property of exhibiting 
two colors, esj)ocially of exhibiting one color 
when viewcfl in reflected light and anotlier 
when viewed in tranMuitted light, as in the 
ca.so of solutions of chlorophyll. Substances 
which have this ])roperty arc termed clichroic. 

DIGHROISM, GIRGULAR. See electric 
and magnetic double refraction. 

DIGHROMATISM. (1) A type of color 
blindness in which the eye can di.^tinguish 
two and only two colors. (2) A substance 
with two broad, but not equally deep, ab- 
sorption bands in the visible may appear to 
have a different color as observed by trans- 
mitted light depending on the thickness of 
the plate of material. Such a material is 
called dichromatic. 

DIGROSGOPIG EYEPIEGE. An eyepiece 
for a polariscope or polarizing microscope 
which gives a comparison view of the same 
object or field under illumination by the two 
complementary rays of polarized light. 
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DIDYMIUM GLASS. Most absorption 
bands of solid materials are broad with not 
sharp edges. However, glass tinted with 
mixed oxides of neodymium and praseodym- 
ium has very narrow and sharp absorp- 
tion bands. One in >)articular falls at the 
wavelength of yellow sodium light, so that 
the glass, which is only faintly tinted to white 
light, IS almost opaijue to the yellow sodium 
light. 

DIELECTRIC. A material characterized by 
its relatively poor electrical conductivity, 
hence an insulator. Tor alternating fields, 
the dielectric nature of a suh-.tance gives rise 
to a displacement current, which leads the 
fu'ld variation by a 90° phase angle, whereas 
the conductivity of the mrdenal gives ri-.c to 
an in-pha'-e current. Piuec the (capaeitivel 
(hspl.ieenient current increases viith fre- 
((ueney, a suhstanee inav lie a “poor” rlieloe- 
tiie at low fieciuencv, hut “good" at high fre- 
(luencios (See flux, electric; dielectric con- 
stant; .and polarization.) 

DIELECTRIC ABSORPTION. The perdst- 
eneo of elect ne polaiiz.ition in some dielec- 
trics after tin rciitov.d ot llic iiolanzing elec- 
tric field When a condenser vith ghi'-s 
plates IS connected with a battery, the charg- 
ing current in.ay last, though gradui. 'y dc- 
(ri’asuig, for soirie luinutc's or hours, and 
when the charged condenser is short-circuited, 
the discharge current may not ccasi' entirely 
with the first rush. After a Leyden jar lias 
l)(cn discharged and alloweil to stand discon- 
nected for a time, another, .siiial'cr sjiark can 
usually bo obtained from it This is called 
a “residual” charge. 

By melting mixtures of wax and allowing 
them to harden in a strong electric field, 
p]guclii (.Japan, 192.3) succeeded in obtaining 
dielectric absorjition which fiersistod ahnosl 
undiminished for several years. Such a per- 
manently polarized body, singularly analo- 
gous to a permanent magnet, has been termed 
an “electret.” 

DIELECTRIC, ANISOTROPIC. In crys- 
tals, the various phy.sical properties often de- 
pend upon the direction of an applied field, 
or the direction of propagation of a wave, 
etc. This dependence of properties on direc 
tion is called “anisotropy.” An anisotropic 
dielectric has different dielectric constants for 


electric fields applied parallel to the various 
crystal axes. In an anisotropic dielectric, the 
(scalar) dielectric constant, appropriate to 
isotropic materials, is replaced by a tensor 
uliich relates the electric induction and the 
electric field strength. 

DIELECTRIC ANTENNA. See antenna, di- 
electric. 

DIELECTRIC BREAKDOWN. Field 
strengtlis of the order of 10*^ volts/cm can 
cause breakdown in eiysl.ils of alkali halides. 
The effect is aMribiitalile to the excitation of 
further conduction electrons by electrons al- 
ready moving in the conduction band and ac- 
celcTated by the field. 

DIELECTRIC CONSTANT. (Specific in- 
ductive vapaeity ) A ineasiire of 'Ibat prop- 
(rty of a nuMlmin by virtue of which it modi- 
fier the mutual interaction of electrified 
bother nnmt'rrcd in it or st'paratod by it. 
SptTifically, the factor by which the electric 
flux produced hy a given field is increased by 
the pierenee of the dielectric, or the factor by 
which the fieltl iirodiieed by fixed charges is 
ckereared. If the dielectric constant of a 
vacuum is taken as a reference standard 
and arsigned the value unity, the constants 
for re^eral gases and vayiors (at less than 3 
eyeh's per seoond) are: air, 1 0(X)r)67 (O^C) ; 
hVn/ene, l.(X)28 (100"C); ethane, 1.0015 

(0 C); hydrogen cliloriile, 1.0016 (O^C) ; and 
steam, 1 00785 (at IdO^'C). (See permittiv- 
ity.) * 

Till' dielectric constant of an assembly of 
molecules, whether gas, liipiid, or solid, de- 
pends on the polarizabilities and the dipole 
moments of tlie individual molecules. In the 
.hrence of permanent di])ol('s, it is given by 
tiie Claiisius-Mosotti equation. For dipoles 
of moment it is given by 

6 = 1 ”j“ 

3/c(T - 7V) 

wdiere = 47rAVV9fc, tlie temperature of the 
“polarization catastrophe.'’ This should per- 
hajis he corrected hy using the Onsager the- 
ory. The dicU'ctric constant depends on the 
frequency of tlie measuring electric field, 
owing to relaxation effects. 

The dielectric constant customarily has the 
same value in all systems of units, being a 
dimensionless quantity. The specific indue* 
tive capacity of empty space is expressed dlf- 
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ferently in the various systems, being unity 
in the esu system and 8.85x10"^^ farads 
per meter in the MKSCb system. See Intro- 
duction. 

DIELECTRIC CONSTANT, CLAMPED. 
The dielectric constant of a material when 
placed under mechanical stress so that it may 
not be distorted by the applied electric field. 

DIELECTRIC CONSTANT, RELATION 
TO INDEX OF REFRACTION. In 1881, 
J. C. Maxwell derivi*d a relalionship between 
the dielectric constant of a substance and its 
refractive index for light of long wavelength. 
This relationship is 

D = 

This relationshij) applies most closely in cases 
where the substance is nonpolar, and (he 
molecule has no permanent dipole moment. 

DIELECTRIC DISSIPATION FACTOR. 

The cotangent of the dielectiic phase angle 
of a dielectric material. 

DIELECTRIC HEATING. The heating of 
a dielectric material by mol(‘c\ilar friction in 
it as a result of the ap])lica(ion of a high- 
frequency, allernating cl(‘ctric field. 

DIELECTRIC HYSTERESIS. An effect in a 
dielectric material analogous to the hysteresis 
found in magnetic materials. 

DIELECTRIC, ISOTROPIC. A dielectric 
whose permittivity is independent of the di- 
rection of the applied field. 

DIELECTRIC LOSS. The power loss in a 
dielectric due to dielectric heating. 

DIELECTRIC PHASE ANGLE. The ang- 
ular difference in jdiase between the sinu- 
soidal allernating voltage applied to a dielec- 
tric and the component of the resulting al- 
ternating current having the same period as 
the voltage. 

DIEIJECTRIC POWER FACTOR. The co- 
sine of the dielectric phase angle. 

DIELECTRIC RELAXATION. That part 
of the dielectric constan' of a solid which 
tlepends on the orientation jf the dipole mo- 
ments of the molecules is subject to the phe- 
nomenon of relaxation. A certain time is re- 
quired for the assembly of dipoles to come 
into equilibnom with the applied field. If 


tlie field oscillates with a period less than 
this time, the dipoles cannot follow the mo- 
tion, and do not contribute to the dielectric 
constant. 

DIELECTRIC STRENGTH. The maximum 
potential gradient that a material can with- 
stand without rupture. 

DIELECTRIC WEDGES. Wedge-shaped 
pieces of dielectric used to match an air- 
fillod waveguide to another guide, either par- 
tially or completely filled with a dielectric. 

DIELECTRIC WIRE. A dielectric wave- 
guide. 

DIESEL CYCLE. Although modified from 
tlie inventor’s original conception, the mod- 
ern Diesel cycle retains the most important 
feature, namely that of compression of air 
to the ignition temperature, followed by timed 
introduclion of fuel. This cycle is shoun in 
the accompanying diagram. The solid line 



Diesel Cycle 

Showing the (h'paitnre of the actual cycle fioni tlie 
thc( ictical, or air btanciaid cycle 

indicates a theoretical cycle, the (lotted line 
shows how a slow-speed actual cycle may de- 
part from the theoretical. Typical tempera- 
tures are also indicated. Beginning with 
point D on the cycle, imagine that a cylinder 
filled with air is closed at the end by a tightly 
fitting position. The piston is moved to coin- 
press the air without addition or loss of heat 
through the cylinder walls. As the air is de- 
creased in volume, the pressure rises adiahati- 
cally, and it arrives at the condition corres- 
ponding to point A, The piston is then re- 
versed in direction, and starts to move so as 
to increase the volume of the air. The air 
is very hot due to its adiabatic compression. 
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Diesselhorst Difference Potentiometer — Difference, Finite 


In fact, it is well above ordinary ignition 
temperatures of petroleum products. As the 
piston starts to move, carrying the cycle from 
point A, fuel is injected or sprayed into the 
cylinder just rapidly enough so that its com- 
bustion will keep tlie pressure up while the 
volume is being increased, at least up to point 
B. At B when the outward stroke is partially 
completed, the fuel is cut off, and the prod- 
ucts of combustion expand adiabatically from 
B to C, giving work to the piston as they do. 
At C the exhaust valve opens, and tlic pres- 
sure drops to D. The line extending liori- 
zonially from D represents the theorciical ex- 
haust and suction stroke. Adiabatic expan- 
sion and compression arc not possible in a 
cylinder ^\llieh must be well cooled in order 
to maintain a hibricatmg oil film Therefore 
an actual cycle will not be expected to fol- 
low the adiabatic. Another difference be- 
tween actual and theoretical cases is the com- 
position of (he gas within the cylinder. Theo- 
retical studies are made assuming pure air m 
the cylinder Aetuallv there is a little burned 
gas pres('nt daring the eoinjiression, and a 
great deal of it during the expansion strokes 
TIowxver, by assuming no fiiction loss, adia- 
batic coinjircssion and expansion, and air, 
only, in tlie cylinder, an ex|)resNion may be 
(h'rned for tlu' effieiimcy of the cycle ABCl^. 
(See air standard efficiency.) 

DIESSELHORST DIFFERENCE POTEN- 
TIOMETER. See potentiometer, Diessel- 
horst difference. 

DIETERICI EQUATION. A form of the 
equation of state, relating pressure, volume, 
and temperature of gas, and the gas constant. 
The Dieterici equation applies a correction 
to the van der Waals equation to allow' for 
variation in density throughout a gas, due to 
the higher potential energies of molecules on 
or near the boundaries. One form of this 
equation is 

RT 

P = ^-alRTV 

V -b' 

in which P is the piTssure of tlie gas, T is 
the absolute temperature, Y is tlie volume, 
7? is the gas constant, e h the natural log 
base 2.718* • • , and a and h are constants 

DIFFERENCE AMPLIFIER. An amplifier 
having two inputs, and whose output is a 
function of their difference. 


DIFFERENCE BAND. A spectral band 
(s^e spectrum, band) in w^hich the initial 
state of the molecule is not the vibrationless 
ground state. 

DIFFERENCE, CENTRAL. If h is the in- 
terval betw’con equally spaced values of the 
argument in a difference table constructed 
from \j - /(.r), it is convenient to define 

A central diff(‘rcnce, formed by the first of 
these operabas, is related to a finite differ- 
ence by the equation 


where m and n rtre integers, both even or 
bolli odd These quantities are used near the 
middle of a difference table, as in BessePs and 
Stirlings formulas for interpolation. 

DIFFERENCE DETECTOR. A circuit 
whose output is a representation of the dif- 
fcrenccb of tlic peak amplitudes or areas of 
the in))iit waveforms. The input waveforms 
need not occur bimuHancou^Jy. 

DIFFERENCE, DIVIDED. If t/o, y,, ?/,, 
• • * aio \alucb of y — j{x), corresponding to 
.C(», .r,, .Co, ••*, not nccessaiily evenly spaced, 
tlien 


is a first-order divided difference of f{x). 
S( cond-order flifieroncos, Ihird-ordcr differ- 
ences, (dc , are defined in a similar way, thus 
the 7?th order divided differenee is 




[^oCi * * * Tn^i] - [j^r2 - x^] 

‘To - Tn 


These quaiititi(\s arc used for interpolation of 
tabulated functions w'hen the given data are 
unequally spa'Tfl. 


DIFFERENCE, FINITE. Let i/o, ?/i, 1 / 2 , • • 
be values of j — f(x) and let corresponding 
values oi the independent variable, Xq, Xi, X 2 , 
• • *, be equally spaced so that Xn - x© = nh, 
where n is an integer. First differences are 
then defined as 


Difference, Horizontal — Differential Equation, Exact 
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^yo = 2/1 - 2/2; Ai/J = t/2 2/1; 

Al/n-1 = 2/n - 2/n-l. 

Second differences, third differences, etc., are 
defined in a similar way and the {n + l)th 
order differences are 

= A”?/i - A^yo; 

= ^*^2/2 - A”?/i; • • • 

By successive substitution, it is found that 


DIFFERENTIAL. If the variable y depends 
on the single independent variable x, so that 
y ~ fix), their differentials are designated by 
dy and dx. If dx ^ 0, the ratio of the dif- 
ferentials is the derivative of y with respect 
to X 


dy 

dx 


f'ir)dx 

dx 


= /'M. 


(Sec also Pfaff expression; differentia^ total.) 


A"2/*= E (-irQl/t+n-r. 

Quantities of this kind are called diagonal 
or forward differences. They are generally 
displayed in a difference table and used, for 
interpolation. See also difference, central; 
divided; horizontal. 

DIFFERENCE, HORIZONTAL. If is 

a finite difference of mih order, or diagonal 
difference, 

A-//, = + i 

then a horizontal difference is defined as 

or 

Interpolation formulas cx])resscd in terms of 
horizontal diffc'reiices arc soiuetinK's sim])ler 
than those using diagonal differences. (See 

difference, finite.) 

DIFFERENCE LIMEN (DIFFERENTIAL 
THRESHOLD) (JUST NOTICEABLE DIF- 
FERENCE). The increiiK'nt in a stimulus 
which is just detected in a specified fraction 
of the triaU. ddie relative differenee limen 
is the ratio of the differenee limen to the ab- 
solute magnitude of tlie .stimulus to which it 
is related. According to the Weber law, the 
relative difference limen is a constant. This 
law^ is only approximately true. 

DIFFERENCE NUMBER. The same as 
neutron excess. 

DIFFERENCE TABLE. A tabular arrange- 
ment of iju, 7/1, y^j • • •, a set of values of y 
= fix), together with cor ''spending values of 
the argument, To, Zi, •• and the finite 
differences. Su‘-h a table is generally used 
for interpolation. Both diagonal and hori- 
zontal arrangements of the differences are 
used. 


DIFFERENTIAL, EXACT. See differential, 
total. 

DIFFERENTIAL EQUATION. An equa- 
tion involving derivatives or differentials of 
an unknown function. When partial deriva- 
tives occur the equation is a partial differ- 
ential one, otherwise an ordinary one The 
order of the highest derivative* occurring is 
the order of tlie equation and the highest 
power of I ho function or its deTivative is the 
degree. Equations of the first degree are 
called linear, others are non-linear. Flirt li^r 
elassifications include exact, total, systems, 
homogeneous, inhomogeneous, and singvilar. 
Solving the equation means to find a func- 
tion wddeh satisfies the eipiation Solutions 
are particular, general, or singular. Bound- 
ary conditions are normally specified along 
whh the equation and serve to specify the 
jiarticiilar solution. Eipiations frequently oc- 
curring arc those of Bernoulli, Euler, Clai- 
raut, Bessel, Fourier, Laplace, Legendre, La- 
guerre, Poisson, and Weber, as well as the 
liypergeometric and Sturm-Liouville fonns. 

DIFFERENTIAL EQUATION, EXACT. A 
total differential equation obtained by dif- 
fi'rentiating some function 4 >ix,\j) — C, hence 
its form is 

P{x,y)dx + Q{x,y)dy = 0 

where P = Op/dx; Q = Oh/dy and its left- 
hand side is thus an exact differential. The 
necessary and sufficient condition for exact- 
ness is dP/dy = dQ/dx, which is a special 
ca->o of the Cauchy-Riemann equations. In- 
tegrating factors may always be found for 
inexact equations in two variables and an in- 
finite number of them will exist. The exact 
equation, or one which has been made exact 
by such a factor, is integrable by quadra- 
ture. 
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Differential Equation, Homogeneous — Differential, Total 


DIFFERENTIAL EQUATION, HOMOGE- 
NEOUS. The term is used with two mean- 
ings: (1) A first-order equation, Adx -t- Bdy 
= 0 if A(x,v) and Bix,y) are homogeneous 
(unctions of the same degree; (2) a differen- 
tial equation, i{x,y,y','/',“ ') = 0 is homo- 
geneous if / is a homogeneous function oi y 
and all of its dcrivaties. (See equation, lin- 
ear.) 

DIFFERENTIAL EQUATION, LINEAR. 

One of the first degree. When written with 
integral exponents, it is an equation in which 
the unknown function and its derivatives oc- 
cur only to tlie first power. 

DIFFERENTIAL EQUATION, SOI.UTION 
OF. An ordinary differential equation has 
as its general solution an expre^ -ion contain- 
ing a number of arbitrary constants equal to 
the ordir of tlie equation. Imposition of 
boundary conditions sjieeifies the values of 
the constants and yields a partieul.ir solu- 
tion. Certain special solutions, called singu- 
lar solutions, occa-ionally occur which cannot 
lie obtained from the general solution. (See 
also primitive.^ 

DIFFERENTIAL EQUATION SYSTEM. 

Each equation of the system contain* one 
indejiendent variable ami n dependent vaii- 
ables. The system is composed of « such 
differential equations. 

DIFFERENTIAL EQUATION, TOTAL. 

An equation of the form 

Pdx -b Qdy -t- Rdz = 0 

where P, Q, B are functions of the independent 
variables T,y,z. It may have a general solu- 
tion <t>{x,v,z) = C, where C is a constant, for 
total differentiation of this result gives 


dd> d(l> 

— dx dy —dz = 0 

dx dy dz 


and if the partial derivatives have a com- 
mon factor /A (/A = 1 is included), called an 
integrating factor, so that 

iiP = d<t>/dx; nQ = d4>/dy, yB = 

then a total differential equation of the form 
indicated has been obtained. However, it oes 
not follow that every total differential equa- 
tion has such a solution for there may be no 
integrating factor. A necessary and sufficient 


condition for its existence, and hence for a 
solution of the form assumed, is 


P Q R 


d/dx d/dy d/dz 
F Q R 


= 0 . 


This is tlie condition for integrability and, if 
the determinant docs not vanish, the total 
dilTcrential equation is said to be non-intc- 
gnible, the equation then being known as 

Pfaff’s problem. 

Total (liftcniitial equations in more than 
three variables may also occur. When there 
arc only two, they a^e always intcgrable. 
(Sec differential equation, exact.) 

DIFFERENTIAL GAIN (IN TELEVI- 
SION). In a video tnip^nnssion system, the 
(lin‘erenee in the gain of the system in deci- 
bels tor a small high-frcqiiency sinewave sig- 
nal at two stated levels (see level (2)) of a 
low-freqneney signal on which it is siipcrini- 
posed The two frequencies should be spe- 
cified 


DIFFERENTIAL PHASE (IN TELEVI- 
SION). In a video transmission system, the 
difforoncc in phase shift through the system 
for a >inall high-frequency ^inewave signal 
at two stated levels (sec level (2)) of a low- 
fi’e(|uency signal on which it is superimiiosed. 
The two frequencies should be specified. 

DIFFERENTIAL PHASE SECTION. A 
waveguide filler which ini reduces a phase 
difference between individual comiiontnts be- 
ing transmitted. 

DIFFERENTIAL THERMOMETER. See 
i 'lpor pressure, methods of measurement. 

DIFFERENTIAL THRESHOLD. See dif- 
ference limen. 


DIFFERENTIAL, TOTAL. Given a func- 
tion of several independent variables, the 
total or complete differential is a sum of 
terms containing partial derivatives as coeflB- 
cients 

d<t> d<b 

d<t>ix,y,z, •■■) = —dx + — dy + —dz + ---. 
dx dy dz 

To emphasize the fact that the function 

has been obtained by differentiation, it is aldo 

called an exact or perfect differential. (See 
also differential equatiem, exact or total.) 


Differentiating Circuit — Diffraction Crating 
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DIFFERENTIATING CIRCUIT. A group- 

ing of components that possess the ability to 
produce an output voltage proportional to the 
rate of change of the input signal. 

DIFFERENTIATING NETWORK. See 
network, differentiating. 

DIFFERENTIATION. The process of find- 
ing the derivative of a function. If there arc 
several independent variables partial deriva- 
tives result. (Sec also graphical differentia- 
tion; numerical differentiation.) 

DIFFERENTIATION, GRAPHICAL. See 
graphical differentiation. 

DIFFERENTIATION, NUMERICAL. See 
numerical differentiation. 


DIFFERENTIATION UNDER THE IN- 
TEGRAL SIGN. For (he differentiation of a 
definite integral of a function con- 

taining a parameter w, when the limits of the 
integral a]*e constants a and b, 


d 

dm 


f Sii,m)dx = r --- dx 
Ja Orn 


and when the limits of the integral are u and v, 
functions of m: 


d 

~ I /(T,?n)dx 

(l/?l J II 



^ df dv du 

-- dx -f fiv,m) - — 

d?n dm dm 


DIFFERENTIATOR. A (l( vice, usually of 
the analog type, whose output jiroportional 
to the derivative of an input signal. 


DIFFRACTED WAVE. See wave, dif- 
fracted. 


DIFFRACTION. (1) For the use of this 
term in acoustics, see wave, diffracted. (2) 
In optics, the interference pattern resulting 
from the rays through different parts of an 
opening, or from different points around an 
opaque object as they unite at each point. 

Fresnel Diffraction. Tlie intensity at any 
point is the resultant of listurbances coming 
directly to that point froM all parts of the 
exposed wave front. In general, the wave 
front is spherical or circular, resulting from 
a source at finite distance, and the point of 
observation is also at finite distance. 


Fraunhofer Diffraction. A lens is placed 
beyond the ai)erturc or obstacle, and the dif- 
fraction pattern is examined in the plane 
where a sharji image of the source would be 
fonned in the abserice of the aperture or 
obstacle. In general, Fraunhofer diffraction 
is a jihenomcnon observed at eff(*ctively in- 
finite distance from the aperture or the ob- 
stacle, and the source is also effectively at 
infinite distance. 

For a single slit of widtli a and light of 
wavelength A, falling on the slit at normal 
incidence, the intensity of light at an angle 
6 from the normal to the blit is given by 



Other diffraction patleTns have been com- 
puted, but are more coinplicaUd (Soi' Rob- 
ertson, Introduction to ()ptif\s, 4th vd , (Chap- 
ters X and XI.) • 

DIFFRACTION, CIRCULAR APERTURE. 

The diffraction pattcTii of a small circular 
opening i-> circular, the fringes being faithe*r 
a])art the smalleT the opening The limit of 
resolution ot a circular o[)('ning is </> - 1 22x/(i 
wlicre a is the diameter of the opening This 
dependence of resolving fiower on aperture is 
one' of the reasons for making telescopes with 
as large an aiierturc is practicable (The 
other reason for large aperture is to increase 
the light-gathering power of tlie instrument ) 

DIFFRACTION GRATING. A series of 
very fine, closely spaced parallel slits, or of 
very narrow, parallel reflecting surfaces, 
which, when light is incident upon it at a 
definite angle, produces a succession of spec- 
tra. The complete optical theory is somewhat 
complicated, hut the action of a plane trans- 
mission grating may be explained approxi- 
mately as follows. 

A plane, monochromatic light wave IF, in- 
cident at angle i (see figure), roaches the slits 
at different times. A lens L receives the waves 
emerging fiom any two adjacent slits, A and 
B (among many others), after they have 
traveled paths differing by CA -(- AD ; that 
is, by iS sin i -f S sin B, in which S = AB. If 
the lens is so placed that this path difference 
is a whole number of wavelengths, nA, the 
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Diffraction, Half-period Elements or Zones — Diffusion 


successive wave-trains will reach it in the 
same j^hase, so that when they are brought to 
the focus they will be in synchronism and 



\m11 produce a biiglit iniiigc of the distant 
source. Hiehdore any angle 8 for whicli tins 
lc^ul( is ])()ssible i'l iibject to tlie condition 

F Bin i + N sin 5 = n\y 
or 

sin 6 -- — sin i. 

Bright images u ill be produced for those angles 
6 which coiresi)()ud to n 1, 2, 3, 4, • • • ; the 
numbers denote tlie “orders’’ of the images. It 
IS easily shown that for any older the total 
de\ iation {i -f 5) is least wlien 5 = ? and there- 
for e wIkmi 

v\ 

sin 8 = - • 

2.S 

It the incident light is coinj)C'^(d of various 
wavelengths, the concspondiug images of any 
order will appear at ditferent points, sinee 8 
varies wuth \\ and the result is a spectrum. 
In short, the gratiiie' acts as a dispersion 
pieee, and as sueh i^ of great value in spectro- 
scopes and spectrographs. 

1 )IFFR ACTION, HALF PERIOD ELE- 
MENTS OR ZONES. In Fresnel diffraction, 
the intensity of ladiation meeting any iioiiit 
from a stdierical w^avT front may be deter 
mined by dividing tlie w'ave front into Zfmes 
such Unit radiation from one zone wiU reach 
the given point one half-period out of phase 
with the adjacent zones. The re.sultant am- 
plitude at the given point can be shown to be 
equal to half the sum of the am])litudes from 
the first and last zone. (See zone plate. See 
Robertson, Introduction to OptieSj 4th ed., 
Chapter X.) 

DIFFRACTION INSTRUMENT. Any de- 
vice employed for studying the structure of 


matter or the properties of radiation by means 
of the diffraction of wav’es; for example, 
x-rays, electrons, or neutrons. 

DIFFRACTION SYMMETRY. Certain types 
of symmetry of the ciy^tal lattice lead to the 
syvtomatic extinction of certain beams in 
x-ray diffraction. The observation of such 
effect^? often allow\s the .space group of the 
crystal structure to be inferred (same as space 
group extinction). 

DIFFUSE REFLECTION, REFRACTION 
OR TRANSMISSION. Reflection, refrac- 
tion, or transmission in all directions, not in 
any ^hai*ply (h'fined path. 

DIFFUSE SERIES. Sec series in line spec- 
tra. 

DIFFUSE SOUND. See sound, diffuse. 

DIFFUSE TRANSMISSION DENSITY. See 
transmission density, diffuse. 

DIFFUSE TRANSMITTANCE. See trans- 
mittance. 

DIFFUSER. (1) Div'erging duct designed to 
leduce the velocity of a stream of fluid wnth- 
ont loss of total liead and so to recover pres- 
sure head a^ the kinetic head i*- reduci'd. Suc- 
cessful »)])eration of a diffuser fleiiends on hav^- 
ing hotli a suitable shape of duct and a w’ell- 
beiiaved flow^ at the entrance. (2) A device, 
such as a ''ilk sc i ecu or a ground glass jilate, 
which converts a narrow pencil of radiant en- 
erg} into a mucli broader pencil. 

DIFFUSION. (1) The proccs^ by which 
niolecules intermingle as a result of their 
andom thermal motion In ga^'CS and m 
liquids in the neigliboi hood of the critical 
point, the molecuho' motion resembles a ‘‘ran- 
dom walk,” and the diffusion coofiTicient is of 
order laeA, wdiere c is the mean thermal 
velocity ol a molecule and A is the uw'an lri‘e 
jinth of a free molecule. If the licpiid is more 
Iiighl^ condensed, diffu^uon depends on ther- 
mally induced inovTinents from one stable po- 
sition in the local lattice to another one, as 
in diffusion of solids. Diffusion in liquids is 
extremely slow', but it may be accelerated by 
inducing a turbulent flow which mingles the 
separate components intimately and allows 
molecular diffusion to take place down greatly 
increased local intensity gradients. 


Diffusion Analysis — Diffusion, Fick Law 
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(2) The passage of particles through mat- 
ter in such circuinstanccvs that the probabil- 
ity of scattering is large compared with that 
of leakage or absorption. It is often limited 
to phenomena described by a member of the 
class of differential equations known as dif- 
fusion equations. 

DIFFUSION ANALYSIS. The d(‘terminu- 
tion of the relatne size or inoU'cular weight 
of particles by comparing their diffusion rates, 
or by separating them by differential diffu- 
sion methods. 

DIFFUSION BARRIER. A porous partition, 
such as a thin she('t of silver-zinc alloy etched 
by hydrochloric acid, which contains submi- 
eroscopic holes througli whicli material trans- 
fer takes place by diffusion rather lluiii by 
ordinary hydrodynamic flow. 

DIFFUSION COEFFICIENT. The con- 
stant of proportionality in Ficks law, which 
stall's that the current is proportional to the 
negative gradient of the flux or of the den- 
sity. Tlie corresponding proportionality con- 
stant^ arc the dilliision coetticu'nt of flux and 
of density. 

DIFFUSION COLUMN. A vi'rtical tube, 
within w'hich a radial ti'inperatuio gradient is 
maintained. As a ro-iill of convection, the 
relative concentrations of lieavy and liglit 
inoloculcs are different at the upper and lower 
ends of the column. Used in the separation of 
isotopes. 

DIFFUSION CONSTANT (IN A HOMO- 
GENEOUS SEMICONDUCTOR). The quo- 
tient of diffusion current density by the 
charge carrier concentration gradient It is 
equal to the product of 1 he drift mobility and 
the average thermal energ>^ per unit charge 
of carriers. 

DIFFUSION CURRENT. The limiting cur- 
rent which is reached by electrolytic migra- 
tion of the ions in a solution under the appli- 
cation of a potential difference to the elec- 
trodes. As the potential difference is in- 
creased the ion current to the electrodes in- 
creases rapidly at first * ut soon reaches a 
limiting value (the diffu^hm current value) 
as the potential difference is increased. If 
the potential difference is increased still fur- 
ther, a point is ultimately reached at which 
a new ion st^ecies begins to discharge. 


The current limit is set by the rate of dif- 
fusion (of the ion being discharged) through 
the depleted layer surrounding the electrode, 
ddiis diffusion rate is jiroportional to the ion 
concentration. For application of this effect 
see polarography. 

DIFFUSION EQUATION. See diffusion, 
Fick law. 

DIFFUSION EQUATION, GENERAL. In 
nuclear reactor theory, a generalization of 
the Iheimal neutron diffusion equation, in 
which the density of thermal neutrons may 
change wdth time, and in which scattering, 
leakage, and absorption are taken into ac- 
count. 

DIFFUSION EQUATION, NONEQUILTB- 
RIUM. In nuclear reactor tlieory, the dif- 
fusion equation for thermal neutrons rnofli- 
fi(d to include a source term wdiieh describes 
the increase in tliermal lu'utron density due 
to the slowing down of fission neutrons The 
equation can 1)0 written as ^ 


- 




dn 

dt 


I 06 

V Ot 


whore 6 — Ihe neulion flux (n = niirn- 

her of neutrons per unit volume, v = veloeil}"). 
i'a is the maeroseopic alisorption cross section, 
and S is the source term. 

dlus ecfuation ajiplies only to monoener- 
getic neutrons, and only at distances greater 
than 2 or 3 mean free paths from strong 
sources. 


DIFFUSION, EYRING TREATMENT OF. 
S('e Eyring treatment of diffusion. 

DIFFUSION, FICK LAW. The rate of dif- 
fusion of jiarticles across a given area is pro- 
portional in amount and opposite in sign to 
the concentration gradient. This relation is 
expressed by the equation 

Q = — D grad c 

whore Q is the vector rate of diffusion across 
unit area in unit time, c is the concentration, 
D is the diffusion coefficient. Making use of 
the principle of conservation of mass, this 
equation may be written 
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Diffusion in Solids — Diffusion-pump Streaming Velocity 


DIFFUSION IN SOLIDS. A phenomenon 
which occurs rather slowly, but can be ob- 
served. Three basic processes may be re- 
sponsible: (a) Direct exchange of atoms on 
neighboring sites, (b) Migration of intersti- 
tial atoms, (c) Diffusion of vacancies. The 
first process requires very large energy. The 
energy to make an interstitial migration is 
rather largo, but many atoms migrate easily. 
Vacancies are fairly readily formed, and dif- 
fuse fairly easily. From the Kirkendall ef- 
fect iL appears that (b) and fc) are the UMial 
processes. The diffusion coefficient is related 
to the ionic mobility by the Einstein relation. 

DIFFUSION INDICATRIX. A gra])h in 
polar coordinates ^bowing the intensity of re- 
flection of a given elemeul of an illuminated 
diffusing surface as viewed from various di- 
rections in a plane perpendicular to the ele- 
ment. 

DIFFUSION LAYER. A layer of solution, 
actually a double layer, that is in immediate 
contact with an electrode doling electrolysis. 

DIFFUSION LENGTH, The moan distance 
tra\eled by a diffusing paiticU' from the point 
of its formation to the point at which it is 
ahsoilicd (1 ) In nuclear reactor tlicorv, tlie 
particle is a neutron. (2j In a homo meous 
semiconductor, the partich' is a inmoiilv ear- 
ner. (See carrier, minority. I 

DIFFUSION OF GASES. Drift of the mole- 
cules of a gas under a concentiation gradient 
(ordinary diffusion) or tempeiature gradient 
(thermal diffusion) For diff’eront gases, the 
rate of diffusion under a concentration gra- 
dient is inversely proportional to tlic square 
root of the density (Graham Law). 

DIFFUSION POLARIZATION. See polari- 
zation, diffusion. 

DIFFUSION POTENTIAL. When liquid 
junctions exist where twm electrolytic solu- 
tions are in contact, as in the case of two 
solutions of different concentrations of the 
same electrolyte, diffusion of ions occurs be- 
tween the solutions, and the differences in 
rates of diffusion of different ions set up an 
electrical double layer, having a difference of 
potential, known as the diffusion potential or 
liquid junction potential. 


DIFFUSION PUMP BACK-STREAMING. 

The streaming of mercury vapor towards the 
high-vacuum side of a diffusion pump. (See 
pump, diffusion.) 

DIFFUSION PUMP, BOTTLE. A variation 
of the Gaedc diffusion pump (sec diffusion 
pump, Gaedc), in which the mercury vapor 
IS condensed on the upper parts of the bottle 
and in the liigh-vacuuin and forc-vacuum 
tubes, rclunicil to the boiler, and used over 
and over agnin. 

DIFFUSION PUMP, CRAWFORD DIVER- 
GENT NOZZLE, A diffusion pump (see 
pump, diffusion), in wdiicli the “back stream- 
ing” (flow of vapor tow^ard the hiirh vacuum) 
IS reduced by the use of a specially-designed 
nozzle 

DIFFUSION PUMP, GAEDE. Tlie earliest 
form of dihusion jmmp (lhl5) (see pump., 
diffusion), m v/liich mercury vapor is made 
to pass along a iii])C, with the vessel to he 
ovaciriic<l connected to a side tulic Air from 
the ‘^ide tube' is entrained by the mercury 
vapor ‘ind is swcjd awaiy, v\lnlo aiiy mercury 
\aj)oi tliat ])'isse^ into the pumping tube is 
eondonsed h> a cold trap before it can reach 
the ^(‘N.sel to be eva(‘uatod. 

DIFFUSION PUMP, LANGMUIR. A form 
of diffusion pump (see pump, diffusion), in 
winch a nozzle is incorporated for the pur- 
pose of giving the niercuiy vapor m the pump- 
ing aperture a general direction away from 
the high-vacuum side of the pump. 

DIFFUSION PUMP, SIMPLE OIL. A dif- 
<*uMon pump (see pump, diffusion) using oil 
instead of mercury vapor, hut otherwise hav- 
ing no feature*^ of design radically different 
from the mercury vapor jmmps. Tlie oil dif- 
fusion pumps arc used mainly in cases whore 
the requirements of ultimate vacuum are not 
particularly exacting. For moderate vacuum, 
an oil pump may often be operated without 
a refngerant, which is necessary with a mer- 
cury pump to condense vapor which may dif- 
fuse into the high vacuum connections. 

DIFFUSION-PUMP STREAMING VELOC- 
ITY. The velocity with which vapor finally 
issues from the mouth of the nozzle of a dif- 
fusion pump. (See pump, diffusion.) 


Diffusion-pump Streaming Velocity, Maximum — Dilution Law 
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DIFFUSION-PUMP STREAMING VELOC- 
ITY, MAXIMUM. The maximum value that 
the streaming velocity can achieve in a proc- 
ess in which the vapor is accelerated by its 
own expansion, as in the case of a divergent 
nozzle diffusion pump, is the velocity of sound 
in Ihc vapor at the prevailing temperature. 

DIFFUSION PUMP, THEORY. The main 
results of the theory of diffusion pumps (sec 
pump, diffusion) are: 

(1) The mean free i)atlis of vapor and gas 
molecules should be of the order of magnitude 
of the dimension of the pumiiing aperture. 

(2) When once a gas molecule has reached 
a point well down in the body of the vapor 
stream, there is practically no fiossihility of 
its ever returning to the Jiigh-vacuum side 
of the pump. 

(3) Pumping speed should be inversely 
proportional to the square root of the molecu- 
lar weight of the gas being f)ump('d. This is 
not always experimentally observed, since 
there are elTects due to heater power, etc. 

DIFFUSION TIME OR LIFETIME, AVER- 
AGE. The average time spent by a diffusing 
])artielc between the moment of its formation 
and the moment of its absorption. In nuclear 
reactor theory the particle is a tliermal neu- 
tron and its diffusion time in most moderators 
is a fraction of a second. 

DIFFUSIVE SUBSTANCES. Substances 
that readily dialyze through colloidal septa, 
viz., crystalloids. 

DIFFUSIVITY. T^iffusion coc’flicient; a con- 
stant, relating the rate of change of concen- 
tration of material at any point in b[)ace to 
the gradient of the concentration at that point 
along a given direction. (Sec diffusion, Fick 
law.) 

DIG-IN ANGLE. In disk reconling, the 
angle (less than 90°) between the rutting 
stylus and the record when the stylus is f)Osi- 
tioned so that it tends to dig into the record. 
It is the opposite of drag angle. 

DIGIT. One of a definite sot of characters 
which are used as coefficients of powers of 
the radix in tlic positional notation of num- 
bers. 

DIGIT(S), SIGNDiCANT. (1) In computer 
work, the digits of a number can be ordered 
according uj their significance; the signifi- 


cance of a digit is greater when it occupies a 
column coiTcsponding to a higher power of 
the radix. The significant digits of a num- 
ber are a set of digits from consecutive col- 
umns, beginning with the most significant 
digit different from z(‘ro, and ending with the 
least significant digit whose value is known 
or assumed to be relevant. (2) In the expres- 
sion of the inagniiude of a physical quantity, 
the sigiiifieant digits ar<' those which are be- 
lieved to be closer to ihe true value than 
any otlier digit would ])e. Thus the quantity 
lh3() rL 2 has four significant digits, while the 
number 1830 rh 20 has only three and is pref- 
erably written as 1.83 X lO’’^- 

DIGITAL COMPUTER. A computer in 

which information, numerical or otherwuse, is 
represented by means of combinations of 
characters in such a way that tlu' number of 
distinguishable combinations is much greater 
than the number of distinguisliablo eharae- 
ters. Thus, a digital com])iitor U one whi(‘h 
makes explicit use of a language. 

DIHEPTAL BASE. A tube base having *I \ 
pins. 

DILATANCY. The jiroperty of certain col- 
loidal solutions of becoming '>olid, or s(‘tting, 
under nn'ssurc. AKo known as “in\erse 
tieity^' since there is an increase in the re- 
sistance to deformation with increase in the 
rate of shear. 

DILATATION. Tlie increase of volume per 
unit volume of a continuous material. 

DILATION. The fractional increment in vol- 
ume caused by a deformation. 

DILATION NUMBER. Patio of tlie volume 
of a li(i\iid to the volume of a solid of the same 
composition at tlie same temperature. 

DILATOMETER. An instrument used to 
measure small increments in tlie volume of 
liquids, as a solid phase separates. 

DILUTION. (1) The act of increasing the 
proportion of solvent to solute in any solu- 
tion, c.g., by tlie addition of the same or an- 
other (miscible) solvent. (2) Improperly 
used in the same sense as concentration, to 
express the amount of solute per unit volume 
of solution. 

DILUTION LAW (OSTWALD). For suffi- 
ciently dilute solutions, the activity coeffi- 
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cients of the ions and neutral electrolyte are 
approximately unity, so that the dissociation 
constant is approximated by a-c/{\ — a) 
where a is the degree of dissociation, and c 
the total electrolyte concentration (in moles 
per liter). 

DIMENSION, The dimensions of a physical 
quantity are an indication of the nature of 
the quantity, any two quantities with tlie 
same dimensions being mutually convertilile 
and being expressible in the same units. Di- 
mensions are frequently expressed in terms 
of a few fundamental unils, such as those of 
length, mass and time. Sec Introduction. 

DIMENSIONAL ANALYSIS. Since the 
quantities reiirescnled by the two sides of an 
equation must have the same dimensions, it 
is often possible to arrive at tlie form of an 
eciuation connecting physical (luantitic^^ by a 
(‘on^id('ration only of tlic dimensions of the 
(piantitics invulvul, Avithout a detailed thc‘ory 
and without consideration of magniiud('S. The 
(‘(juations obtaiiKal in this way may be in 
error by a multiplying constant, which can 
often be determined emiiirically. Dimen- 
sional analysis has been particularly useful 
m the deATlopmenl of aerodynamics and hy- 
drodynamics. 

DINA. Abbreviation for digital iet\Aork 
analyzer. 

DINEUTRON. A combination of two neu- 
trons, considered to have a transitoiy exist- 
ence in nuclear reactions produced by tiitons 
which result in the formation of a proton 
and nucleus having the same atomic number 
as, but a mass number two units gn'ater than, 
the target nucleus. 

DIODE. A two-electrode device, having an 
anode and a cathode, which has marked uni- 
directional characteristics, (See tube, elec- 
tron; diode, crystal; diode, junction; diode, 
semiconductor.) 

DIODE, CATCHING. See catching diode. 

DIODE CHARACTERISTIC (OF A MUL- 
TIELECTRODE TUBE). The composite 
electrode characteristic taken with all elec- 
trodes, except the cathode, connected to- 
gether. 

DIODE, CRYSTAL. A diode consisting of a 
semiconducting material, such as a germanium 


or silicon, as one electrode, and a fine wire 
“\Aiiisker” resting on the semiconductor as 
the other electrode. Because of its low ca- 
pacitance, the device finds considerable ap- 
plication as a rectifier or detector of micro- 
wave frccpiencies. 

DIODE DEMODULATOR. See demodu- 
lator, diode. 

DIODE, DOUBLE. See duodiodc. 

DIODE, DOUBLE-BASE. A semiconductor 
diode m which a potential gradient is pro- 
duced across the base region by the api)lica- 
tion of a voltage between two electrodes at 
(‘it her end of the base. The correct polarity 
an(> magnitude of this voltage causes the di- 
ode to exhibit a controllable, negative resist- 
ance b(‘twa'cn one of tlie l)ase electrodes and 
the ano(l(\ 

DIODE, EQUIVALENT. The imaginary 
diode consisting of the cathode of a (riode or 
uiultigrid tube, and a virtual anode to wliich 
IS applied a compo'-ite controlling voltage 
such that the calhode current is the same as 
in (h(' triodc or uiultigrid tube. 

DIODE, JUNCTION. A semiconductor di- 
ode \\h()s(‘ non>ymmetricaI volt-ampcTe char- 
acteristics are manih'sted as the result of the 
junction found ladween n-type and p-type 
scmiconduc'tor materials. This junction may 
be oil her diffused, grown, or alloyed. 

DIODE, SEMICONDUCTOR. A two-elec- 
irode semiconductor device having an asyin- 
meti’ical voltage-current characuTistic 

DIOMIANTINE EQUATION. An indeter- 
minate equation wutli integers as coefiicients 
and solutions also rcniuired to be integers. 

DIOPTER (A UNIT). The power of a lens 
expressed as the reciprocal of its focal length 
mcasur(‘d in meters. 

DIOPTRIC SYSTEM. If an optical system 
is convergent, it is called dioptric if both 
focal lengths are positive. If an optical sys- 
tem is divergent, it is called dioptric if both 
focal lengths aie negative. 

DIOTRON. A computer circuit utilizing an 
emission-limited diode. 

DIP-CIRCLE. See dip-needle. 


Dip Needle — Dirac Classical Electron Theory 
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DIP NEEDLE. More properly called an in- 
clinometer. The instrument consists essen- 
tially of a magnetic needle poised to swing 
on a horizontal pivot and thus to indicate the 
‘‘dip’' or inclination of the earth's magnetic 
field. The zero diameter of the vertical grad- 
uated circle should be carefully leveled and 



Dip nof(ii(‘ oi iiijignetic inclinomotor 

adjusted to the magnetic meridian. In order 
to correct for errors of level, balance, mag- 
netization, and eccenlricity, tlie circle should 
be reversed north to south, the needle axis 
should be reversed in its bearings, the mag- 
netization should be reversed, and for each of 
these positions both ends of the needle should 
be read on the circle. A complete observa- 
tion is thus the moan of 16 circle readings. 

DIPHONIA, DYNAMIC. The phenomenon 
wherein slight movements of a li^tcncT’B head 
bring about abrupt shifts in apjiarcnt sound 
source positions, as when st(‘reo-loudspcakers 
are not proficrly phased and tlie listener is 
positioned between loudspeaker sound fields. 

DIPLEX RADIO TRANSMISSION. See 
transmission, diplex radio. 

DIPOLE. (1) A combination of two elec- 
trically or magnetically charged particles of 
opposite sign which are separated by a very 
small distance. (2) Any system of charges, 
such as a circulating current, which lias the 
properties that: (a) no forces act on it in a 
uniform field; (b) a torque proportional to 
sin 0, where 9 is the angle between the dipole 
axis and a uniform field, does act on it; (c) 
it produces a potential wh*.ca is proportional 
to the inverse squ^^rc of the distance from it. 

DIPOLE ANTENNA. See antenna, dipole. 

DIPOLE, ELECTRIC. See electric dipole. 


DIPOLE, FOLDED. See antenna, folded- 
dipole. 

DIPOLE MOMENT. A mathematical en- 
tity: tlie product of one of the charges of a 
dipole unit by the distance separating the 
two dipolar charges. In terms of the defini- 
tion of a dipole (2), the dipole moment p is 
related to the torque T, and the field strength 
E (or B) through the equation: 

T = p X E. 

DIPOLE MOMENT, INDtTCED. A dipole 
moment induced in a system (eg., in an atom 
or molecule) because it is brought into an 
electric or magnetic field. 

DIPOLE MOMENT, MOLECULAR. It is 

found from measurements of dielectric con- 
stant (i.e., by its temperature dependence, as 
in tlie Debye equation for total polarization) 
that certain molecules have pcriiianent dipole 
moments. These moments are associated with 
transfer of charge within the molecule, and 
provide valuable information as to the mole«- 
iilar structure. 

DIPOLE ORIENTATION. The effect by 
which lh(' free rotation of the molecules in a 
solid may be hindered, so that their dipole 
moments may only take on certain disiu-ete 
orientations. This may have a marked effect 
on the dielectric constant. 

DIPOLE RADIATION, ELECTRIC. Radia- 
tion which occurs as the result of the time 
variation of an electric dipole moment 

DIPOLE RADIATION, MAGNETIC. Ra- 
diation which occurs as the result of a vari- 
able magne+ic dipole moment. If the two 
magnetic moments due to the vectors L and 
S do not compensate, a variable magnetic di- 
pole results which may act as a source of 
radiation. 

DIPOLE RELAXATION. See dielectric 
relaxation. 

DIRAC CLASSICAL ELECTRON THE- 
ORY. Method of defining the force on an 
electron by subtracting the proper field from 
the external field, the proper field being the 
average of the retarded and advanced l^lds, 
and the external field being one half of the dif- 
ference of these fields. Yields the radiation- 
damping term in the equation of motion, but 
leads also to solutions in which the electrQn 
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would be accelerated even in the absence of 
an external field. 


DIRAC DELTA FUNCTION. The Im- 
proper function 8 (x — lo), so defined that 

Jf(r)S(x - Xo)dx = /(xo) 

for any /(x). It may be approximated by 

fO; X < -h/2 
Sx = lim 1/h; -h/2 <x < h/2. 

lo; X > h/ 2 . 

The function w(x) = f S{x)dx = {ij ^ > 0 

— OTi 


is known as the unit step function. 

The Dirac delta function is also known 
simply as tlic delta function, but see also 
Kroncckcr delta. 


DIRAC EI.ECTRON THEORY. Relativis- 
tic (juantiim theory of the electron proi>o&ecl 
by Dirac in 1927, and especially remarkable 
for its prediction of the value efi/2mc for the 
eom))on'’nl m a jiarticular direction of the 
magnetic moment of a nonrelativistic eh'ctroii 
The theor>" is based on the Dirac equation 



(,TC = mr/F?) when* 7 ^ are the Dirac operators 
and \l/ is the wave function of an electron under 
the influence of the (dectromagnetK’ potentials 
Afi. In the lepresontation in which the aie 
4 X 4 matrices, consists of four wave func- 
tions, and the equation becomes a set of four 
first ordf^r partial differential ofjuations. 

The thcoiy, regarded as a classical field 
theory, describes witli precision the beluiMor 
of an electron m an electromagnetic field (see 
however, Lamb shift). Even m a central 
electrostatic held the orbital angular momen- 
tum 1 of the electron is not a constant of the 
motion, but it is found that the total angular 
moment um j = 1 -f s stays constant, where, 
for example, 

ih h 


chanics with the inclusion of spin, though 
both within and outside of this limit the elec- 
tron possesses an intrinsic oscillatory motion 
(sec zitterbewegung) of frequency 2E/fi, 
The latter is demonstrated most easily in the 
Heisenberg representation since even for a 
free particle the velocity does not commute 
with the Hamiltonian; 

H ■= ra-p -f- Pme^ 

and hence the velocity is not a constant of 
the motion. The momentum of a free par- 
ticle, however, is a constant 

The anticommuting Dirac operators y,i 
(- - p) have the property that if for a 
free particle one operaU's on the Dirac equa- 
tion with the operator 



the resulting equation is the Klein-Cordon 
equation which deseiibes a particle of energy 
Ey momentum p, where 

E = dz(pV + 

In virtue of this relativistic equation the 
Dirac theory includes as possible solutions 
states of negative energy to which a positive 
energy particle wmuld make a transition un- 
der the influence of a perturbation (sec Klein 
paradox). It ib tlierefore necessary to sup- 
pose that for a \acuum all such states are 
filled and a free positive energ}'' particle 
would be prevented by the Pauli exclusion 
principle from making such a transition. A 
hole in tins distribution of negative energy 
elecnons is then mtcrpieted as a positron (see 
positron theory) Although it is not siricily 
neces^aiy to u^^e tlie concept of a negative 
eiK rgy of elections, one is forced to the 
eoneliision that tlie Dirac theory is funda- 
mentally a thcoiy of many real and virtual 
electron-po'^itron ])airs, the creation and an- 
nihilation of which may be described by 
means of quantized field theory. This more 
complete many-partiele theory is able to de- 
scribe radiative corrections to the single par- 
ticle theory (see quantum electrodynamics). 


(or = Pauli spin operator). Thus associated DIRAC EQUATION (UNQUANTIZED). 

with the electron is an intrinsic spin, a com- The equation 
ponent of which has the eigenvalues it ^/2 
In the limit of small velocities, the theory 
deduces to nonrelativistic quantum me- 
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describing the motion of an electron or posi- 
tron in an electromagnetic field descrit)ed by 
Summation over the values /ji = 1, 2, 3, 4, 
is implied. The are the Dirac operators, 
and \f/ may be re))resented by four functions 
of position and time. 

DIRAC fi. See h-bar. 

DllUC OPERATORS. The oj)erators 
(/i. = 1, 2, 3, 4) where yu.yv + yvjti = 

The y^ arc often written thus: 

7l “ P2<^Xi 72 = P2^1/, 71 = P2^r, 74 = P3) 

where and o-, arc the Pauli spin opera- 

tors, and p^pz = 7p3, etc. 

DIRECT CURRENT. Sec cunent, direct. 

DIRECT-CURRENT AMPLIFIER. Si e am- 
plifier, direct-current. 

DIRECT-CURRENT CIRCUITS. Unidirec- 
tional current is produced from batteiies, from 
dynamo machinery ociuipped with commuta- 
tors, or hy means of rectifiers, ^riie great dis- 
advantage of d-o is the fact that until recently 
it havS not been commercially expedient to 
transform it from low voltage to the high volt- 
age necessary for long-distance transmission 
of electrical power. Difficulties of commuta- 
tion prevent geneiation at high voltages. Ke- 
cently the nse of electron tubes, such as the 
thyratron, has opened up new transmission 
possibilities for d-c. 

In lighting and heating apparatus there is 
not much difference between d-c and a-c, but 
electroplating can be done only witli d-c. D-c 
motors are more cxpen^ive than a-c of equiva- 
lent power rating, but they have better oper- 
ating characteristics and simiiler speed con- 
trol. Inductance and ca])aoitance are not im- 
portant factors in d-c transmission 
The ba.sis for most d-c circuit cal^'ulations 
is Ohm’s law. (See also electric circuits; 
Kirchhoff laws.) 

DIRECT CURRENT GENERATOR. The 

d-c generator is an ordinary dynamo machine 
having a nuiltiple-ooil winding, the ends of 
the coils of which are connected to a multiple- 
segment commutator. TI < annature is usu- 
ally rotating, and the fid ■ stationa^>^ The 
field sets up magm tic lines of force, which arc 
cut by the conductors on the revolving arma- 
ture, guing rise to a generated voltage, which 
is led throng: . the commutator to a unidirec- 


tional external circuit. The iron core is built 
of laminations of iron insulated from each 
other by mill scale, or lacquer, or ja})anriing, 
so that eddy currents wdiich can be goneiated 
in the iron core, will be a minimum. The 
common d-c generator is classified on tlio 
basis of the connection of the field current 
circuit to the armature circuit. If the field is 
so connected that the annature current flows 
through it, it i.s known a® a series field. In a 
‘series machine, all of the armature current 
flows through the field. This type of genera- 
tor is sometimes used to supply series street 
lamp cireiiits. The moie tiie armature cur- 
rent, the higher Die geneiatc'd \oltiigp in this 
ty ])0 of machine. Tins ('liai aderist i( scj ve‘- to 
overcome the voltage diop m a series light 
circuit. A shiiTit-^\oun(l generator i^ a tvi)e 
in which the field winding has a high re^i'-t- 
anco, and is composi'd of a large luiinber of 
coils of fine win* The terminals of the ^hiint 
field are c(uinccted across the commutator 
Tlic shunt -wound generator has flcTmitely 
drooping voltage charaetoristies, for the cuf- 
rcMit m the field is (lei)en(hmt on the gener- 
ated voltage in tlie armature A compound- 
wound generator, having both a sliiini and a 
‘-(‘lies field, i^aifikes of tlu‘ bed featnn"- of 
l)()th of file other tyjies. When (he shunt fudd 
IS connected across the commutator onlv, the 
comjiouiming is called short shunt; whim the 
shunt fudd is connected across the senes fjcdd 
and the commutator, it is a long slnmt gen- 
erator. 

DIRECT GRID BIAS. R( e grid bias, direct. 

DIRECT OR STATIC METHODS FOR VA- 
POR PRESSURE. (1) For non-metals at 
pressures heSvoen about 1 cm and KK) cm of 
meicury, aiut temperatures bolow^ room tem- 
peratun’. A vessel containing the solid or 
liquid IS maintained at a constant low tem- 
perature, and is connected to a mercury ma- 
nometer at room temperature, the vapor pres- 
sure being measured directly. One use of 
this method is for permanent gases between 
freezing-points and boiling-points. 

(2) For substances wdiich are liquid at or- 
dinary temperatures (Regnault method). A 
few drops \)f the liquid are introduced into 
the vaeuum at the top of an inverted tube 
containing mereury, wdiich is connected at the 
bottom to an open resciw^oir of mercury. The 
resulting depression in the column gives the 
vapor pressure. 
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The top of the tube is kept in a constant- 
temperature bath, and corrections must be 
made for the weiglit of the liquid and the 
cliange in surface tension when the li(]uid i<5 
introduced. This method is UM‘d in a tem- 
perature range from about 0°C to The 

method may be extended to higher pressures 
by using a Uiick-walled, inverted tube eon- 
neeliMl to a closed reservoir to which pressure 
may be applied, the pressure then being meas- 
ured by a suitable' manometric device. 

DIRECT PRODUCT. Civen a group r7' of 
order m with elements /lo, ■ • and a 

second group G" of order n witli elf'iuents /?,, 
***i J^^nch that every element of G' 
commutes wirh eveiy element of t7", then ihe 
7/1)1 elc'uu'iits .1,/^, torm a group (t - t/' X ^7" 
of order vni and ('ailed the direct product of 
tr and (r. 

DIRECT RADIATOR IDUDSPEAKER. 
See loudspeaker, direct radiator. 

DIRECT - READING POTENTIOMETER. 
S(‘(' poteiiliorncter, direct-reading. 

DIRHICT SUM. 'rhe irn'ducihle representa- 
tions of a ir]ou[) 

r - h — . 

It do(‘s not iiK'an that the matrices aie to 
1)0 addf'd hut isiinf)ly indicates that Wu rc'jin'- 
smtation T has been deeoin]) 0 -«ed into the* 
gi^ (*n ii redneible n'presentetions and that 
a]ipeai\s in the representation r, times 

DIRECT WAVE. Sec wave, direct. 

‘DIRECT" X-RAY ANALYSIS, OR HEAVY 
ATOM METHOD. In some sp(‘ejal easc'-^, 
the crystal structure can lx* found by X-ray 
analysis, where there i^ a liea\y atom at the 
(‘enter of symmetry of the unit (*(‘11, outweigh- 
ing the contributions of the other atoms to 
the scattering. The Fourier synthesis tedi 
nique may then be applied directly the phase 
angles being then all zero. 

DIRECTED COVALENT BOND. Covahuit 
bonding (see bond, covalent) occurs as a re-' 
suit of the overlap of atomic orbitals, leading 
to the lowering of the energv hy electron ex- 
change (see exchange energy) Niitnrally, 
the bond formed hy a given orliital will h'nd 
to lie in the direction in whic'h the orbital is 
concentrated, so that there may be the maxi- 
mum degree of overlap. For example, in Il-O 


the II atoms are bonded by the p orbitals of 
tliie O, which are at right angles, and the two 
Oil axes thus also tend to form nearly a right 
angle. 

DIRECTION COSINE. Let a set of rectan- 
gular coordinate axes in space be chosen and 
let L he any line in space. Through the 
origin of the coordinate system draw another 
line L', ])arallel to the gi^’cn line L Let a, 
P, y he tlu* angles which 7/ makes with the 
A"-, 7-, Z-ax('s, respectively. These angles 
are the direel ion angh's of the given line and 
th(ur cosines A - cos a, /x — cos 8, v = cos y 
are the direction cosines of the line. When 
Iwo ;ingl("< are given, the third can he found, 
except for sign, hy the Pythagorean theorem 

X“ “h = 1. 

DIRECTION FINDER, ADCOCK. A radio 
direction finder fsco direction finder, radio) 
wliicl) utilize*^ special aTitenna oonstmetion to 
obtain m(‘re accurate results hy the elimina- 
tion of j)olarizati()n errors. (See antenna, 
Adcock.) 

DIRECTION FINDER, CATHODE-RAY 
ILF. A radio (tirection finder (see direction 
finder, radio) using a eathod(‘-ray presenta- 
lion (o show the bearing of a station whose 
trau'-mission is bc'ing monitoicd. It is an ex- 
tremely fa^t method of bearing determination. 

DIRECTION FINDER, RADIO. A sensi- 
tive radio receiver used in eoniunetion with a 
directional antenna (see antenna, direc- 
tional) which will penuit the dt'tenuination 
of th' din'j'tion from which a transmission is 
b( ing s(*nl 

DIRECTION OF POLARIZATION. Sec 
polarization, direction of. 

DIRECTION OF PROPAGATION. At any 

point in a homog('neous, isotropic medium, 
the diiection of time-average energy-flow. In 
a uniform waveguide, the direction of propa- 
gation is often taken along Ihe axis. In the 
case of a uniform lossless wxaveguide, the di- 
rection of ]>ropagation at every point is paral- 
lel to the ax’s, and in the direction of time- 
average energy-flow. 

DIRECTIONAL ANTENNA. See antenna, 
directional* 
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DIRECTIONAL CORRELATION OF SUC- 
CESSIVE y-RAYS. When two y-rays are sirc- 
cessively emitted from the same nucleus, their 
directions and i)lanes of polarization are not 
entirely independent. Tlie directional corre- 
lation is experimentally observed as a change 
in coincidence counting rate as the angle be- 
tween the linos joining the source with the two 
counters is varied. 

DIRECTIONAL COUPLER. See coupler, 
directional. 

DIRECTIONAL GAIN. See directivity in- 
dex. 

DIRECTIONAI. MICROPHONE. See mi- 
crophone, directional. 

DIRECTIONAL RESPONSE PATTERN. 
S('c directivity pattern. 

DIRECTIVE GAIN. In a given direction, 
47r limes the ratio of the radiation intensity 
in that direciion lo the total jiower radiated 
by llie antenna, 

DIRECTIVE PATTERN. A radiation pat- 
tern. 

DIRECTIVITY. For an antenna, tlic value 
of the directive gain in the direction of its 
maximum value. 

DIRECTIVITY FACTOR, (a) Of a trans- 
ducer used for sound emission, the ratio of 
the intensity of the radiated sound at a re- 
mote point in a free field on the jirinciiial 
axis to the a\eiage intensity of the sound 
transmitted through a sphere yiassing through 
the remote jioint ami concentric with the 
transducer. Tlie frecpiency should be stated. 
The point of obscrv'ation must be sufficiently 
remote from the transducer for spherical di- 
\ergcncc to exist, (b) The directivity factor 
of a transducer used for sound reception is 
the ratio of the square of the electromotive 
force produceel in response to sound waves 
arriving in a direction parallel to the princi- 
pal axis to the mean square of the electromo- 
tive force that would be produced if sound 
waves having the same frequency and mean- 
square pressure were arri'dng at the trans- 
ducer simultaneously from ril directions with 
random phase. The frequency should be 
stated. For an "icctroacoustic transducer 
obeying the reciprocity theorem, the directiv- 
ity factor for .sound reception is the same as 


for sound emission. These definitions may 
be extended to cover the case of finite fre- 
quency bands whose spectra must be speci- 
fied. Directivity factor in acoustics is cquiv> 
alcnt to directivity as applied to antennas. 

DIRECTIVITY INDEX (DIRECTIONAL 
GAIN). Of a transducer, an expression of the 
directivity factor m decibels, viz , 10 times 
the logarithm to the base 10 of the directivity 
factor. 

DIRECTIVITY PATTERN (DIRECTION- 
AI. RESPONSE PATTERN; (BEAM PAT- 
TERN). Of a transducer used for sound 
emission or reception, a description, often 
priNonted graphically, of I he response of the 
transducer as a function of the direction of 
the transmitted or incident sound waves in a 
specified plane and at a specified frecpiency. 
A complete desciiiition of tli(' dirccti\itv pat- 
tern of a transducer would ref pure three-di- 
mensional pre‘-ontation The directivity pat- 
tern is often shown as the response relative 
to the maximum response. » 

DIRECTLY-HEATED CATHODE. See 

filament. 

DIRECTOR. Tn an antenna array, a para- 
sitic clement plae(‘d in front of a driven ele- 
ment. Its purpose is to sharjicn the directiv- 
ity of the array, and to increase its gain. 

DIRECTRIX. Sec conic section and conical 
surface. 

DIRICHLET BOUNDARY CONDITION. 

SjKTificntion of the value of the solution to a 
partial differential equation along a bounding 
surface. 

DIRICHLET DISCONTINUOUS FACTOR. 
The even function fix) defined by 

/(jr) = l: |t|<1 

f(x) = ^; ki = ] 

/(.r) = 0; |t| > 1. 

It may be expressed as the Fourier integral 

2 r* r* 

f(x) = -- I cos uxdu I cos uidt 

T a/Q *^0 

2 sin u cos ux 

= - du 

IT Jo U 
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Dirichlet Integral — Discontinuity 


which is generally known as the Dirichlet 
discontinuous factor. 


DIRICHLET INTEGRAL. (1) One of the 
form 


Ji 



^0 


sin /:x 

dx 

sin X 


or 


J2 



sin frx 
dx, 

X 


It is the expression of the jiaitial sum of the 
Fourier series develojimeiil of fix). Con- 
vergence propel tie-^ of the integral determine 
the convergence of the Founcr senes. (2) 
Another intigial, also known by the name of 
Dirichlet, occurs in statistics and statistical 
meeliamcs It is 


J 


■/ //- 


^ - dxdydz 


\n which the vanahles arc given all pos- 
•^ible ^ahu‘& cori’-i'-tciil \\itli the condition 
that (r a)*-’ iy/(f)“ + iz/c)‘^ +**’ he not 
greitir tlian unity The geneial integral in- 
^o^<^ gannna funclions. Tlu' '-iKMial ca^e 
for 71 \ariahles wiili a — b c -•••-/? 
eives 

\2/ r(n^2+l) 

A\hirh IS the \olume of a hyfieispheic vvith 
radius n in n-diniensional space 


DISCHARGE. (1) The removal of charge 
from a capacitor. (2) The jiassago of elec- 
tiic current through a gas (3) The volume 
of fluid passing a particular cros^s-section of 
a stream in unit time (4) The process in 
which a stoiage battery dehveis electrical 
energy. 

DISCHARGE, COFFFICIENT OF. See 
coeflicient of discharge. 


tides are present because various cosmic ra- 
diations, ladioactive radiations, etc., which 
are always present except m specially shielded 
enclosures, ionize the gas molecules. As the 
voltage is raised the cuirent finally begins to 
increase rapidly because the electrons being 
attracted tow^ards the positive electrode have 
gained sufficient energy to ionize atoms of the 
gas and thus generate more carriers of the cur- 
rent Suddenly the current increases ex- 
tremely rapidly, and at the same time the 
voltage across the tube drops. The value of 
the voltage at which this occurs is the break- 
down \oltLig(‘ and the gas has broken into a 
self-maintaining discliarge called a glow. If 
the current is not limited by circuit resistance 
it jcontinues to mcicasc, almost instantane- 
ously, while the voltage drops to a low value 
and the dischaige becomes an arc. If the 
circuit has insufficuent resistance the current 
will reach an enoimous value wuth probable 
damage to the lube and othcT circuit elements. 
The glow discharge' is char act erized by the 
ability to pass moderate currents at moder- 
ate ^alu('s of voltage', while the arc wull pass 
\cvv large currents at low values of applied 
voltage 

DISCHARGE, SUBMERGED. A discharge 
of lieiuid helow^ the fiee ‘^ulfaco of a container 
as opposed to a free discharge or a surface 
discharge 

DISCHARGE TUBE. (1) A tube biased 
to cut-off, and therefore non-conducting ex- 
cept wlien Iriggeied by a positive pulse. A 
condeniser, connected in the plate circuit of 
Ihc tube, charges w'hen the tube is non-con- 
duet ing and discharges wdien the tube is trig- 
geied and forced into conduction. The tube 
may be either vacuum or gaseous. (2) Any 
tube containing a gas or vapor at low pressure 
and capfib^c of showing a gaseous discharge. 
(See discharge, gaseous.^ 


DISCHARGE, GASEOUS. The gaseous dis- 
charge is the basis of operation of many of 
the electron tubes in common use. If iw6 
electrodes have a gas at low pressure botw'oen 
them and a gradually increasing voltage is 
applied across them, a scries of events takes 
place as the voltage is raised. First a voit 
small current, of the order of microamperes, 
will flow as the ions and electrons are at- 
tracted to the electrodes. These charged par- 


DISCONE. See antenna, biconical. 

DISCONTINUITY, fl) For the meaning of 
this tenn in mathematics, sec function, con- 
tinuous. (2) The term applied in a special 
sense bv meteorologists to a zone within 
w’hich there is a comparatively rapid transi- 
tion of the meteorological elements, particu- 
larly the boundary surface separating air 
masses of different temperatures. 
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DISCONTINUOUS CONTROL CHARAC- 
TERISTICS. See snap action. ‘ 

DISCRETE SENTENCE INTELLIGIBIL- 
ITY. See intelligibility, discrete sentence. 

DISCRETE WORD INTELLIGIBILITY. 
See intelligibility, discrete word. 

DISCRETENESS. Ilefen‘ing to flic distribu- 
tion of allowed values of a physical quanlify 
over a given inter\al. The distribulion is dis- 
crete if only a denuniera])le st't of vahuvs is 
])ermittcd. Tliis is the case, for example, with 
the allowed frcquenelo^ cjf vibration of a linit^* 
strclehed string. 

DISCRIMINANT. A relation between the 
coefficients of a polynomial wliieh is useful 
in a study of roots anrl other |)ro])ertics o{ the 
function. It is an invariant of the function. 
(See also quadratic equation in one or two 
variables.) 

DISCRIMINATION, COLOR. Perception of 
difference's Ixdwcen colors. 

DISCRIMINATION INDEX. The rafio of 
the luminance to the diffcivntial luminance 
thri'shold. (See threshold, differential lumi- 
nance.) 

DISCRIMINATOR. (1) A device wherein 
amplitude variations are derived in respouse 
to frequency or pha.se vaiiations, (2) A cir- 
cuit used in connection \vitli counteis, having 
llie ])roperty that only puKcs falling between 
two limits of amplitude (one of whicli may 
be 0 or 00 ) are recorded. 

DISCRIMINATOR CIRCUIT. A freciuency 
or phase modulation detector whicli causes 
the magnitude and polarity of its output to be 
determined by the variation of the injiut 
phase or frequency. 

DISCRIMINATOR, FOSTER-SEELEY. See 
Foster-Seeley discriminator. 

DISCRIMINATOR, FREQUENCY. See de- 
modulator, frequency. 

DISH. Colloquialism for parabolic antenna. 
(See antenna, parabolic.) 

DISINTEGRATION. (1) r,oss of form or 
powdering. (2) Th3 passage of a metal into 
colloidal solution wl cn it is made an electrode 
under certain conditions. (3) Transforma- 
tions of radio.ictive elements arc termed dis- 


integrations, w^hen they result from radioac- 
tivity. 

DISINTEGRATION CHAIN. A synonym 
for radioactive .series. 

DISINTEGRATION CONSTANT. Tlie 
probability per unit time, A, that a given un- 
stable particle of system, such as a radioactive 
atom, will iiiulergo spontaneous transforma- 
tion. It is defined by the ecpiation dN /dt -= 
— /V.V, wdiere N is the number of untransfonned 
particles oi’ system.s existing at time ^ It is 
the reciprocal of the mean life of the given 
sy^l (‘in before undergoing transformation. 

DISINTEGRATION CONSTANT, PAR- 
TIAL. One of disintegration constants of a 

liarficle or system that undergoes more than 
on(‘ mode of disintegration. (S('e branch- 
ing. ) 

DISINTEGRATION ENERGY, GROUND 
STATE. The disintegraticni energy of :i nu- 
clear disintegration when all the reactant and 
jirodiict niK'lei I'nd m tlunr ground state's.^ 
(See disintegration, nuclear.) 

DISINTEGRATION ENERGY, NUCLEAR. 

The eiu'rgy (‘\olvt'd, or llu' negati\e of the 
energy absorbed, m a nuch'ar disintegration: 
symbol Q. It is crpial to the energy ccjuiv- 
alonce of the sum of tlu' mas^'Cs of (he re- 
actants minus tlu' sum of the massc's of the 
pnxlucts. (For each reactant or prodiK't 
which is a nucleus, the apfirojiriato mass is 
that of the corresponding neutral atom.) If 
the disint('gration energy i'= positive, the disin- 
tegration is (‘xothcrmic; if it is negative, the 
dibinti'gration is endothermic. Padioactive 
disintegrations have positive Q-vahies; nu- 
clear reactions may have jinsilivc values of 
either sien. Sometimes the term nuclear dis- 
integration energy is aiiplied to the ground- 
state disintegration energy. (See disintegra- 
tion energy, ground-state.) 

DISINTEGRATION FAMILY. A synonym 
for radioactive scries. 

DISINTEGRATION, NUCLEAR. Any 
transformation or cliange involving nuclei. 
If the disintegration is spontaneous, it is said 
to be radioactive^ if it results from a collision, 
it is said to be induced. Despite its literal 
meaning, the term nuclear disintegration re- 
fers also to radiative capture, inelastic scat- 


249 


Disintegration Series — Dislocation, Energy of 


tering, P-transformations, and isomeric transi- 
tion. (See radioactivity; reaction, nuclear.) 

DISINTEGRATION SERIES. See radioac- 
tive series. 

DISINTEGRATION VOLTAGE. In a hot- 
cathodo gas lul)e, tlio cathode is normally pro- 
tected from j)ositive-ion bombardment by 
electron space-charge. However, if the anode 
potential is raised sufficiently, the space 
charge is removed and destructive posith e-ion 
bombardment of the cathode occurs. The 
lowest voltage at which this action occuin is 
called the disintegration voltage The magni- 
tude of this \oltage changes with cathode age 
and teiniierature 

DISLOCATION. A type of iinpcTfection in 
a ciystalline solid generated as follows: A 
closed curve is drav/n witliin tlie solid, and 
a cut made along any smii)le ‘-urfacc which 
has this cuiwe as boiindaiy 'Flu' material on 
one side of this surfac(' is di'.j)laeed iiy a fixed 
amount (the Burgers vector) relative to tlie 
other side \ny gap or overlap is made good 
by the addition or rennn al of material, and 
tlie two sides are tluai ivjoincd, leaving the 
strain dis])lacement intact at the moment of 
rewelding, but aft('rwaTTK nllowang the me- 
dium to conu' to internal (*(|uili]iriiim Tf the 
Burgtrs V('etor repi events a translation \ector 
of the lattice, tlie weld is irnasible, and the 
dislocation i'^ eharaetcTized only by the orig- 
inal curve, or dislocation line and by the 
Burgers \Tctor. 

A dislocation line may only tcTininate at 
the surface of the crystal The energy of a 
dislocation (see dislocation, energy of) is 
largely stored as strain in the surrounding 
lattice. The inij^ortant property of a di'-loea- 
tion is its ability to move c^iiite ca-ily througli 
the lattice, and henec' to allow the rapid 
propagation of slip. The general dislocation 
defined above usually separalctj into its com- 
ponents, edge and screw dislocations, wdiich 
may be treated as rather stable entities in the 
theory. Direct evidence for the existence of 
dislocations is the observation of dislocation 
networks in crystals of silver bromide, and, 
for their motion, from the spiral growth pat- 
terns in crystals. 

DISLOCATION(S), DENSITY OF. The 
concentration of dislocation lines, i.e., the 
number intersecting a unit area in the crystal, 
is believed to vary from about 10®/cm^ in 


good natural crystals through 10® in good 
artificial crystals, up to in cold- 

worked specimens. These estimates are based 
on the energy stored by cold work, on x-ray 
analysis, and on measurements of electrical 
resistivity. 

DISLOCATION, EDGE. A dislocation whose 
Burgers vector is norm:d to the line of the 
dislocation An edge* dislocation may be 
thoiiglit of a^ caused by m->eiting an extra 
plane of atoms terminal ing along the line of 
the disloc:dion — tor exam])le, if the disloca- 
tion w'cre along the Z-axis and its Burgers 

Slip Vector 



J)isLr)( \ri()N, 

Thf at 1h(> niiur is list rl to donofc an edge 

tli'sloc ciUoa of ll\is ‘•iirn Tht' an iiaxf merit of atoms 
in tins legion I*, only appioximat'" (B\ permission 
fiom “Disloeahons m ('i\snLls’ liv Resd, Copviight 
195IJ, IVI( (j» au-llill lioolv Co, Ine ) 

\ector ilong tin* A'-axis, then one might think 
of an extra half ])]ane of ai'oms being inserted 
at the surface .r = 0, ?/ > 0 Such a disloca- 
tion would be of jiositive sign \n edge dis- 
localam may mote* ('asilv only parallel to its 
BiiJ-geib vector, i e , in its slip plane. 

DISLOCATION, ENERGY OF. Tliis is 
measured per unit length of dislocation line 
and is given approximately by 

4ir(l — v) \r()/ 

whero It is tlic shear modulus, b is the length 
of tlic Burgers vector, v is Poisson's ratio for 
an edge dislocation or zero for a screw dis- 
location. Here, rj and r„ are rather inde- 
ttTminate, bring respectively the distance to 
the “next” dislocation (or to the edge of the 
erystal) and the radius of the singular region, 
surrounding the dislocation line where ordi- 
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nary elasticity theory does not hold (say 10 
cm). Most of this energy is thus stored as 
elastic deformation at large distances from 
the dislocation. 

DISLOCATION, EXTENDED. In the close- 
packed structures it is possible to construct 
au extended dislocation by laying down a strip 
of stacking fault edged by two lines across 
which slip has occurred (partial dislocations). 
In each case the slip is not a whole lattice con- 
stant, but only into one of the alternative 
stacking positions. However, the ^\hole struc- 
ture is equivalent to an edge dislocation (see 
dislocation, edge), and it is believed that this 
is the normal foiTn of such a dislocation in 
these lattices. 

DISLOCATION(S), FORCES BETWEEN. 

Edge dislocations (see dislocation, edge) of 
the same sign repel each other along the line 
between them, but are most stable when ar- 
ranged vertically above each other. Edge 
dislocations of opposite signs attract one an- 
other, but otherwise jirefcT to lie so that ihv 
line between them makes an angle of 45"^ witli 
their slip planes. Screw dislocations (see dis- 
location, screw) of opposite sign attract, of 
like sign rcp(*l. 

DISLOCATION LINE. The curve separat- 
ing displaced and undisplaced portions of a 
crystal, and thus at the cenler of a disloca- 
tion, Within a distance of one or two lattice 
constants of the dislocation line the atoms are 
displaced by an amount more than can be 
represented fairly as a strain A screw dis- 
location (sec dislocation, screw) may have a 
substantial hole down the dislocation line, 
tlirough which irajiurity atoms may diffuse, 

DISLOCATION NETWORKS. Hexagonal 
nctw'orks of dislocation lines have been ob- 
serv^ed in crystals of silver bromide, probably 
corresponding to grain boundaries. 

DISLOCATION, PARTIAL. The line at the 
edge of an extended dislocation (see disloca- 
tion, extended) where slip has occurred, but 
not through a whole lattice constant. 

DISLOCATION, SCREW. A dislocation 
whose Burgers vector is parallel to the line 
of the dislocation. In a screw dislocation the 
atomic planes arc ; lined together in such a 
way as to fonn a spiral staircase, winding 
round the lin^. of the dislocation. A screw 


dislocation is capable of easy movement in 
any direction nonnal to itself. The growth 
spirals formed in crystal growth appear where 
such dislocations intersect the surface. 



Sc KI- W DlSl OrATION 

Tho (hslocaliciii AD (of which oiilv llio end A is vis- 
IS pHnillcl to the line BC wlndi is pirallel to the 
sli}) sector (By pf'imission fiorn ‘‘Didoi ations in 
Crystals” hy Bead, Copyright 195d, McCrraw-Hill 
Book Co , Jnc ) ^ 


DISLOCATION, STRESS CONCENTRA- 
TION DUE TO. About an edge dislocation 
(see dislocation, edge) the stresses may be 
written 


O’rr = 0-eO == 


^ih sin 9 
27r(l - v) r 


CrB — 


lih COS 9 
27r(l — v) r 


when' r and 6 are polar coordinates about the 
line, 0 being measured from the slip plane 
For a screw dislocation m the 2 -direction 
(see dislocation, screw) the stresses are 






(6 is the Burgers vector, /a, the shear modulus, 
V, Poissons ratio). 

DISORDER. ENTROPY OF. See entropy of 
disorder. 

“DISORDER PRESSURE.” The contribution 
to the pressure that arises through the exist- 
ence of a contribution to the entropy of a 



251 


Disperse Medium — Dispersion, Linear 


liquid through molecular disorder, i e , from 
the communal entropy. 

DISPERSE MEDIUM. (Dispersive or dis- 
persion medium, continuous phase ) The me- 
dium in which a colloid is dispersed, in a man- 
ner analogous to that of the solvent in a true 
solution. 

DISPERSE PARTICLES. (Disperse phase ) 
The particles of colloid in a colloidal system 

DISPERSE PHASE. The distiibuted phase 
in a colloidal system, i c , tlie jihase winch is 
composed of the distributed particles. 

DISPERSE SYSTEM. A colloidal system, 

coii^islmg of two phases, the disperse phaM^ 
(tlie one loiming paitich's) and the dispersion 
nu'dium (the medium m winch the particle^' 
are distributed). 

DISPERSING SYSTEM. A system used to 
s(^paiate vanous wavelengths of radiant 
ciH igy 

DISPERSION. (1) The process of separat- 
ing a radiation, a comiilex sound w^ave, etc , 
in accordaiici' with soiiu' charattei islic such 
as fictpiency, wavelength or rncigy, into com- 
ponent'!). For e\aiupk, a prism or grating 
(lis})crses wlnte light by staidiug light of dif- 
terenr wavelengths m diflerent directions 
(2) ( Juantit itively, a gdieial mea'uie ot siuli 
dispersion is the doi native of the deviation 
with respect to that vaiiable (wavelength, 
frecjuency, ftc ). t3) Dispcision of a medium 

IS also expressed as the late of change of index 
of refraction wnth wavtlengtli (or frequency, 
etc ). (See group velocity.) 

DISPERSION, ACOUSTIC. The sopuration 
of a complex sound wave into its various fre- 
(ludicy coinfionenl''^, usually caused by !i van- 
ation with fre piency of tlie wave velocity of 
the mfslium The rate of change of the veloc- 
ity with frequ(‘ncy is used as a measure of the 
dispersion. 

DISPERSION, ANOMALOUS. See anoma- 
lous dispersion. 

DISPERSION EFFECT. The attraction be- 
tween electrically neutral molecules arising 
from the tendency of their temporary dipoles 
to align thcmselv’es in a manner so as to pro- 
duce a net attractive force. (See van der 
Waals forces.) 


DISPERSION, ELECTRIC, The prepara- 
tio'h of colloidal solutions by means of the 
electric current Two methods are commonly 
employed: (1) cathode dispersion, in which 
the cathode is made of the material which is 
to fonii the disperse phase, the anode is of 
l^latinum or other inert metal, and a high po- 
tential is used; (2) electric arc formation be- 
tween wires of various metals under water. 
Many metals (j)latinum, silver, iridium, cad- 
mium, etc ) give molal sols by method 2; other 
metaK (thallmm, /me, iion, aluminum, etc ) 
givT hvflroxide sols only. Metals which are 
above liydrogen in (he electromotive force 
series arc not likely to yield metal sols in 
water. 

DISPERSION FORCES. The force of at- 
ti action between lu'^leculcs po^se‘=ismg no per- 
man(‘nt dipole. The interaction energy is 
given by 


wdiore h is Planck’s constant, Vo a character- 
istic frequency of the molecule, r the distance 
between the molecules and a the polarizability. 

DISPERSION FORMULA. See Cauchy 
formula; Hartman formula. 

DISPERSION IN GASES, RELAXATION 
THEORY TREATMENT OF SOUND. The 

analysis of sound dispersion in gases in w’hicli 
it Is a'-siiiiK‘d th it the jiassage of the sound 
wave disturbs the equilibrium of energy dis- 
tribution among translational, rotational and 
vubrational degrees of freedom. The lime lag 
involved m the return to eqiiilihiium results 
in an uieroase in the sound velocity at higher 
riequencics, us well as an absoii)(ion of the 
^ound energy 

DISPERSION, IRRATIONAL. A phenom- 
eiioTi exemplified by the case in which two 
prisms ol diffeient aubstances but of such 
refracting angles as to give equal angular 
sepal ation bciwTen twm spectral lines will not, 
in general, give equal angular separations be- 
tween one of the line‘s and some third lino, 
even if it lies between the initial two lines. 

DISPERSION, LINEAR. The derivative 
dx/d\, where x is distance along the spectrum 
and \ is the wavelength. Linear dispersion 
is usually expressed as millimeters per Ang- 
strom. 
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DISPERSION OF AN INSTRUMENT. The 

dispersion of a dispersing instrument is cofti- 
monly expressed as dL/d\ or dd/d\ where L 
is distance along the final image, and 0 is the 

angle of deviation. 

DISPERSION OF ROTATION. The angle 
of rotation of the plane of vibration in optic- 
ally active substances in p - /v/X“ + where 
K is constant and a depends on natural free 
periods of vibration in the crystal. This rela- 
tion is called the dispersion of tlu* rotation. 

DISPERSION, RECIPROCAL LINEAR. 

The derivation dk/dx^ where A is wavelength 
and .r is the distance along the spectrum. The 
reciprocal linear disi)ersion is usually ex- 
pressed in Angstroms per inilli meter 

DISPERSIONAL FREQUENCY. The fre- 
queney corrcsporuling to tlie anomalous di*?- 
persion (see anomalous dispersion) at an ab- 
sorption discontinuity. 

DISPERSITY. The degree of dispc'rsion of a 
colloid, i e , the (‘xtent to which tlu' diinon- 
sions of the individual j>artjeles have b(*en re- 
duced. h]xpressed numerically in terms of 

specific surface. 

DISPERSIVE POWER. (1) The ratio of the 
difference in deviation of light of two differ- 
ent wavelengths relative to the deviation for 
light who^e wavelength is an average of tlie 
two. Thus, if /)|, Djt are the deviations for 
wavelength \ ~ A and \ ~ B and if Dc is 
that for light of some intermediate wave- 
length A - C' — y^{A +/>'), then the disper- 
biv'e power is given by 



(2) A quantity which is approximately 
equal to the reciprocal of the dispersive ])Ower, 
also referred to as the Abbe mmiber or as 
i^-valu(', is defined by lens designers and man- 
ufacturers of optical glass as 

no - 1 

V = 

np — nc 

where riy and nc arc the ’’^’fractiv^e indices 
of the gla>.s for llie D, F, C Fraunhofer 

lines. 

DISPERSIVITY. Differential refractivity. 
Tlie difference in refractivity of the same 


medium for various wavelengths of radiant 
energy. 

DISPERSIVITY, MOLAR. The difference in 
molar refraction at two wavelengths. 

DISPERSIVITY, SPECIFIC. The difference 
between the spceifie refractions of two wave- 
lengths of radiant energy. 

DISPERSOID. A colloidal system in wliicli 
the di'‘persi1y is rtdatively great, as in emul- 
soids and suspensoids. 

DISPLACEMENT. (1) The vector repre- 
senting the change in jiosition of a [)arti(‘le. 
in on(‘-<lnn(‘nsi()iial motion sncli a.s a simple 
!iarnionic oscillator, the displacement can be 
con-^idi'red as a scalar (See aKo displace^ 
ment, angular; linear.) (2) In a jiiston and 
eyhiiflcr mcclianism, the volume swept out 
by tlie piston face It is assumed that the 
face of tlie fiislon is coplanar. (iicen the hon* 
and stroke as 7) and Jj, the number of cylin- 
deis n, tlie disjilaceinent is: » 

irD-Ln 

\ 

The portion of a ship which is iminersed 
disj)lace^ a certain weight of water Aceord- 
ing to Archimedes’ principle, a body imm(‘rs(‘d 
in water is hiioyi'd up liy a foi ce e(|ual to the 
vv'oight of water displaeod b}" the body, lliaice 
the (lisj)larenjent (ff a ship in tons of water is 
e(jual to the w^eight of the shij) and of its con- 
timts. Various legal and conventional defini- 
tions of the disjda cement of a ship are related, 
but not equal, to the buoyancy. 

DISPLACEMENT, ANGULAR. If the vec- 

tor ri is displaced to llie new position r-, the 



Anj»;ulivi disphcrnu'nt 


angular displacement 0 is defined as the angle 
between the two vectors. It is itself a vector 
only for infinitesmal displacements. 

DISPLACEMENT ANTIRESONANCE. See 
antiresonance, displacement. 
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DISPLACEMENT CELL. See cell, displace- 
ment. 

DISPLACEMENT, COMPLEX. In solving 
for llic transient and steady state bcliavior of 
a vibiating system undergoing forced oscilla- 
tions, it is often matlioinatieally useful to eou- 
struct a complex displacement Xc - Jc + ix'j 
where x is the real, and tlio imaginary pari. 

DISPLACEMENT CURRENT. See current, 
displacement. 

DISPLACEMENT, ELECTRIC. See elec- 
tric flow density. 

DI SPI.ACE \IENT INTERFEROMETER. 

All ojitical invtrmm'nt cnnsistmg of an ar- 
ranediHMit ot mirrors, and us(‘d in ennjimction 
with a (li^pi'iMve sysicari for measuring ^mall 
displacements. 

DISPLACEMENT LAWS. (1) S(( Wien 
laws. (2) atcimait"- of tlic ehaiigv'S m atomic 
mimlier Z and mass niimlier A of a nuclide 
that aeeompaiiy llie various types of radio- 
active disinte^'ration Tlie n ime onginaled 
fiom tlie eircuinstariei' that a change in atomic 
nnmlior results iii a di^jilaeeinent of the 
(iaiiL'litc r relative to the ]>ar('iit in the periodic 
talde of ^lie elements. 

T\ni K 


Type of (jjdfion SZ 5.4 

Al[)lia -2 - 4 

{ ('loction cniissKiii H 1 0 

position pmissioii —1 0 

f 1( (. lion DlplUH* —1 0 

Is(jin(Tlr 1 ransition 0 0 


DISPLACEMENT, IJNEAR. Tin* position 
of a iiarlude Zh may be s])ecified by a vector 



ri, drawn from a fixed reference point in a 
pj^maiy'- inertial system. When tlie particle 
changes its position to Po, a new vector ri> 
must be drawn to specify tlie new’^ position 
Tlie vector ri 2 - r^ — ri represents the dis- 
placement of the particle. Jf, during the in- 
terv'al under consideration, tlio in^antaneous 
iliieclion of r_>i remains fixed in direction, the 
(li-]’)lacemcnl is linear 

DISPIACEMENT RESONANCE. See reso- 
nance, displacement. 

DISSECTOR TUBE. vSee tube, dissector. 

DISSIPATION. (11 The interaction between 
maiter and energy incident upon it, such that 
the poll ion ()l the energy ustcl up in the inter- 
aefion is no longer available for con\ ersion 
into u^eiiil woik. (2) A yiersisKuit loss of 
meehanieal (mergy because of the presence of 
frictional or frictionlike forces. (3) In free 
oscillatory m(4ion, a persistent loss of nie- 
eliaiiical energy due to presimce of friction- 
likc lesi^^lance to motion which eventually 
oxliausts the total energy of the sy^iein and 
eau^(‘s it to eomc to rest. Riich motion is said 
to l)e damjied (Roe damped oscillations.) 

DISSIPATION EIEMENT, ACOUSTIC. An 
eh'iiieiif fsi‘c clement, acoustic) vhioh brings 
about di^siji.ilion of some or all of the acous- 
tic energy flowing through it. 

DISSIPATION FACTOR. The reciprocal of 
Q, the storage factor. 

DISSIPATION FACTOR, DIELECTRIC. 
See dielectric dissipation factor. 

DISSIPATIVE FORCE. Any force which 
oj'puses motion and wliosc action converts 
mechanical iido tliernicil energy 

DISSIPATIVE FUNCTION (RAYLEIGH). 

One half the rate of decrease of total ineehan- 
ical energv^ m a dissipative system. The func- 
tion is equal to {If ^2) (dx/df)^ w’here P is 
the cfTeetiv'e resisting force constant and dx/dt 
is the instantaneous velocity. (See damped 
oscillations.) 

DISSIPATIVE SYSTEM. (1) A mechanical 
system in which dissipation takes place. (2) 
In an electrical system, composed of a capaci- 
tance, icsistancc and inductance, free oscil- 
lations can he set up wdiich eventually damp 
out. The electrical energy originally stored 
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in the condenser is dissipated into thermal 
energy in the resistance. 

DISSOCIATION CONSTANT. (1) The 
equilibrium constant for a chemical reaction 
which breaks up one molecule to form two or 
more simpler molecules. (2) Following from 

(1) , the equilibrium constant for the ioniza- 
tion of an electrolyte. It is given by the 
product of the activities of cation and anion, 
divided by the activity of the unionized elec- 
trolyte. (See mas.s action law.) 

DISSOCIATION CONTINUA. Continuous 
absorption spectra (see spectrum, absorption) 
corresponding to a dissociation. 

DISSOCIATION, DEGREE OF. See degree 
of dissociation. 

DISSOLVING. The complete mixing with a 
liquid of a gas or solid composed of different 
molecules. 

DISSONANCE. (1) When two or more 
musical tones iilayed simultaneously produce 
an unpleasant effect (due to beats) on the 
listener, tlie tones are said to be in dissonance. 

(2) The formation of maxima and minima by 
the superposition of two sets of interference 
fringes from light of two different wave- 
lengths. 

DISSYMMETRICAL NETWORK. Sec 
transducer, dissymmetrical. 

DISSYMMETRICAL TRANSDUCER. Sec 
transducer, dissymmetrical, 

DISSYMMETRY FACTOR OR ANISO- 
TROPY FACTOR. A quantity used to ex- 
press convenient 1}^ the magnitude of circular 
dichromism (refer to the Cotton effect) . It is 
defined by the following formula: 

K 

where g is the dissymmetry factor, ki and Kr 
are the absorption indices for tlie left- and 
right -circularly polarized light, and k is the 
absorption index for ordinary light of the 
same wavelength. 

DISTANCE. The distan**i> between two 
points is the length of the straight line join- 
ing the two points, i e., the number of times 
that a specified inta .unng rod must he suc- 
cessively applied to cover this line completely. 


DISTANT PARALLELISM. Property of a 
space if any vector, when taken by parallel 
displacement (see affinely connected space) 
around any closed curve, returns to itself. 

DISTORTION. (1) One of the five geomet- 
rical aberrations of optics with spherical sur- 
faces. This aberration is due to the variation 
in magnification with the distance from the 
axis. (2) In acoustics, a change in wave 
form. Noise and certain desired change.s in 
wave form, such as those resulting from 
modulation or detection, are not usually 
cla.sscd as distortion. (3) In electromagnetics, 
an undesired change in wave form. 

DISTORTION AND NOISE METER. An 

instrument winch removes the fiirulamonial 
frequency of the signal being measured by 
means of a null network. That which re- 
mains after the removal of the fundamental 
may be measured as total distortion and 
noise. 

DISTORTION, BIAS TELEGRAPH. Dis- 
tortion in winch all mark pulses are lengthened 
(positive bias) or sliorteiu'd (negative bias). 
It may be measured with a steady stream of 
'‘unbiased reversals,” square waves having 
e(jual-]ength mark- and spacc-pulses. Tlie 
average lengthening or shortening gives true 
bias distortion only if other types of distor- 
tion are negligible. 

DISTORTION, CHARACTERISTIC TELE- 
GRAPH. Distortion which does not affect 
all signal pulses alike, the effect on each 
transition ilepcnding upon the signal previ- 
ously sent, due to remnants of pre^'ious transi- 
tions or transients which persist for one or 
more pulse lengths. Lengthening of the mark 
pulse is positive, and shortening, negative. 
Characteristie distortion is measured by trans- 
mitting “biased reversals,” square waves hav- 
ing unequal mark- and s])aee-pul.ses. The 
average lengthening or shortening of mark- 
pulses, expressed in jmt cent of unit pulse- 
length, gives a true measure of eharaeteristic 
distortion only if other types of distortion are 
negligible. 

DISTORTION, DELAY. Distortion due to 
variation of (be propagation time of the sys- 
tem with frequency. 

DISTORTION, DEVIATION. Distortion in 
an FM receiver caused by inadequate band- 
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Distortion, Fortuitous Telegraph — Distribution, Law of 


width, inadequate amplitude-modulation re- 
jection, or inadequate discriminator linearity. 

DISTORTION, FORTUITOUS TELE- 
GRAPH. Distortion which includes those 
effects that cannot be classified as bias or 
characteristic distortion, and is defined as 
the dejiarture, for one occurn'nce of a par- 
ticular signal pulse, from the avoraL^c com- 
bined effects of bias and characteristic distor- 
tion. Fortuitous distortion varies from one 
signal to another and is measured by a process 
of elimination over a long period. It is ex- 
pressed in per cent of unit pulse. 

DISTORTION, FREQUENCY. A term com- 
monly u^cd lor tliat form of distortion in 
\^lu(•h ihe relative magnitude of th(‘ different 
IriHpiency components of a complex wave are 
(‘haiiLmd m I ransmis’^itm Wlien ref ei ring to 
Ihe th-ntortion of tlie phase versus frequency 
characteristic, it is le^'ommeiuled that a nioie 
sjipcifie l('rm such as ^hdiase-frcMpiency distor- 
tion^’ or “delay distortion” be used. 

DISTORTION, GEOMETRIC. In t(‘U vision, 
an\ alierration wliieli causes the loprodueed 
picture to be geometneally dissimilar to the 
p(M's])(H‘tn e plane-projeetion of the original 
^eene. 

DISTORTION, HARMONIC. Nonlinoar 
disloition ell iracterized bv the appearance in 
the oiitjuil of harmonies otl.er than the funda- 
iiKuital component when the irpiiit w^ave is 
sinu‘=oidal Ilarrnonie divfoiiion is some- 
times called amplitude distortion 

DISTORTION, KEYSTONE. The keystone- 
shaped raster produced by scanning in a recti- 
linear manner, with con^tunl -am])litiulo sawr- 
tooth waves, a plane-target area winch is not 
normal to the average direction of the beam 

DISTORTION, NONLINEAR. Distortion 

caused by a deviation from a do.>ired linear 
relationship between S]^ccified measures of the 
output and input of a system. The i elated 
measures need not be output and input values 
of the same quantity; e g , in a linear detector, 
the desired relation is between the output 
signal voltage and the input modulation en- 
velope. 

DISTORTION POLARIZATION. See in- 
duced polarization. 


DISTORTION, TOTAL TELEGRAPH. 

Telegraph transmission impairment, expressed 
m terms of time disiiLioement of mark-space 
and space-mark liansitions from their proper 
positions relalne to one another, in per cent 
of llic sh()rte^l perfect pulses called the unit 
])uKr (Time lag Mfieeting all transitions 
alike docs not cause distorlion ) Telegraph 
(lislortion is spi'cifiod m terms of its effect 
on (ode and tcnnmal e<iUipment. ‘'Total 
Morse te’egrai)h distortion” for a particular 
mark or s-j)jicc pulse is expressed as ihe alge- 
braic «iim of time disj)lacements of space- 
mark and mark-space Iransitions determining 
the beginning and end of the pulses, mcas- 
uied m ])er emf of unit ]iulso Lengthening 
of mark is positive, and shortening negative. 
“Total start -stop telegraj)!! distortion” refers 
to tlie time (hsjilacaaiKnt of selecting-jmlsc 
transitions from the bc'ginning of the start 
pulse expre-^sc'd m per cent of unit pulse. 

DISTRIBUTED CAPACITANCE. See ca- 
pacitance, distributed. 

DISTRIBUTED CONSTANT (FOR A 
WAVEGUIDE). A circuit parameter that 
exists along the length of a waveguide. For 
a transverse electromagnetic wave on a two- 
conduetor transmission line, the distributed 
constants are seri#^s resistance, series induct- 
ance, shunt conductance and shunt capac- 
itance per unit length of line. 

DISTRIBUTION COEFFICIENT. The ratio 

belw'cen the concentrations of a solute in two 
immiscible solvents whuli an' in eontaet. 
(See law of distribution.) Called aho parti- 
tion (oefficient. 

DISTRIBUTION CONTROL. In television, 
. linearity control. 

DISTRIBUTION, LAW OF. (The partition 
law% distribution law of Nemst ) If two 
partly or nearly irnmiseible liquids are in con- 
tact and a suhstanee wdiich is soluble in both 
liquids be added to the system, the addend 
will bo distributed betw^een them in such a 
way that the ratio of the concentrations of 
the tw'o solutions formed is a constant regard- 
less of the quantitv of solute. (Measurable 
deviation^ from this law take place, especially 
in concentrated solutions, because of associa. 
tion, ionization, chemical action, etc.) The 
constant is termed the distribution ratio, con- 
stant, or coefficient, and the partition coeffi- 
cient. 
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DISTMBUTION I.AW OF MAXWELL. 
See law of Maxwell, distribution. , 

DISTRIBUTION OF MOLECULAR VE- 
LOCITIES, LAW OF. At any given tem- 
pcTatiire diff(M*ent molecules of a have 
different velocities which range from very 
small to very large values. A large majority 
of molecules have velocities falling in a nar- 
row range, hut a small fraction of inolecule‘^ 
have v(Ty low or high velocity. As the tcm- 
jierature is raised the maximum in the veloc- 
ity distribution cinwe shifts to liiglnT veloci- 
ties and flattens out. (Sec law of Maxwell, 
distribution.) 

DISTRIBUTIVE T.AW. An operator A obeys 
this law if its effect on a sum of functions is 
A (/i + /2 + /.I -f ■ * * ) “ Afi -f /1/-J 1 A/n + 

• • The trigonometric functions do noi obey 
the distributive law since sin (.r | 7/ + ;^: + 

• • • ) y .rin X -h sin y -f- sin z A- * * * • 

DISTURBANCE. A local departure from 
the normal or average wind condition of any 
pari of the ^^orld or, in other words, a feature 
of what is sometimes eall(‘(l the “secondary^’ 
circulation of the atmosphere, as distinguished 
from the general circulation In eveiy-day 
usage disturbance has come to b(* synonymous 
with cyclone and depression. 

DIVERGENCE. TIk' scalar product of the 
differential operator V and a vector. In 

Cartc‘sian coordinates 


of the scries may be positively infinite, nega- 
tively infinite, or it may oscillate between 
either finite or infinite values. 

DIVERSITY RECEPTION. Fading has been 
found to vary from place to jihice at a given 
time. Thus if a radio signal is received si- 
multaneously at ])oints separated by a few 
wavelengtlis’ distance it is found that the out- 
puts of the receivers do not all fade iogether. 
Diversity reeejition is a method of utilizing 
this effect to minimize Ihe farling. Basically 
such a system con^ists of 2 or more (3 is quite 
common) antennae separaied by scA^'ral 
wavelengths (at least 10 times the wavelength 
of the received wave is desirable and 3 an- 
tennae placed at the vertices of an equilateral 
triangle give the best i)ositioning) feeding 
separate radio-freciueney r(‘e(‘iver ebanncls. 
The ouli)uts of these channels are tlnm com- 
bined to gi\e a single output. By means of 
automatic gam control circuits tlie antenna 
r(•cei^ing a non-faded signal supplies most of 
tlie output and as tlu‘ signals at tin' different 
antennae fade out and back in, the coritr#! 
system acts to maintain a (‘oiistant output 
l(‘\el. While such a system, Ix'cause of its 
complexity, is not suitabh for home reception, 
it is wid(‘ly used for lecoption of fon ign bro.ad- 
casts for rebroadcasting in (bis country. Tt is 
also used for trarisoceanie telephone reeeiition 

DIVIDING NETWORK. Se e network, cross- 
over. 


V-V = dirY 


dV^ dVy (97, 
Ox Oy Oz 


If V represents at eacli jioiiit in space the 
direction and magnitude of flow of some fluid, 
such as water or a gas, thermal, or electrical 
flux, then div V equals the rate of decrease 
of fluid per unit volume. (Bee also Gau.ss 
theorem and Green theorem.) 


DIVERGENCE LOSS (SOUND). That part 
of the transmission loss which is due to tlie 
divergence or sjireading of the sound rays in 
accordancy with the geometry of the system 
(e.g., spherical waves emitted by a point 
source). 

DIVERGENCE THEOREM. See Gauss 
theorem and Green theorem. 

DIVERGENT. If an infinite series does not 
converge, it is said to be divergent. The sum 


DIXONAC. An atiueous coating of graphite 
used as a conductive coating on the inside of 
some electron tiih(\s such as kinescopes. Also 
known as Aquadag. 

DOG HOUSE. A small stnicture housing 
tuning-apparatus, placed at the base of a 
transmitting antenna. 

DOHERTY AMPLIFIER. See amplifier, 
Doherty. 

DOLDRUMS. The trojiical regions of the 
Equatorial Belt characterized by calms and 
light, shifting winds with frequent thunder- 
storms, squalls and heavy showers. 

DOMAIN. (1) A two-dimensional region of 
space, together with its hounding curve. (See 
also variable and set.) (2) A region of spon- 
taneous electric or magnetic polarization in 
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a single direction in a feiroelectric oi ferro- 
magnetic crystal. Inside a domain the polar- 
ization IS saturated, and is a function only of 
the temperature The size and shape of a 
domain deptnds on the material and its treit- 
incnt The boundary l)e tween domxins is 
known as a Bloch wall. 

DOMAIN STRUCTURE. The thc()r\ of llu 
maciobcopic hcha\ioi of fcrromagnelic uid 
feiroclcctric ciystals depends on then (oii- 
sisting of large nunibcrb of domains, cidi 
polaii/cd to satui ilioii but fiointing in diliei- 
ent dii((tions so is to iiiuunii/i th* (tuigv 



DdMMN III l K 

I Ia\ (li ui d ni I n iif iti u n i uni i\i vl ( i\ s 
til (hy jimu i Dn fi 1 1 Inli liRlun Is S( Iiil 
s( l(< Ph\si ^ Kiltil ( t)i\ij-,ht 19)3 Join Wilev 
tV S( ns Tnc ) 

An applied field tends to ni ik( tho'^^c doinains 
glow which aic aluadv fnoial)l> oiuutid, 
it the expense of tho'^c 0])iioscd to the field 
Owing to the anistrop> cncigv, domains tend 
to be oriented along (citun directions of easy 
magnetization, but the detiilcd image ment 
of domains in a cryst il a complicated com- 
promise between the tendency of cacli doin iin 
to be as Lugo as possible and the necessity 
of creating closed loops of migruHic flux 

DOMAIN STRUCTURE OF SUPERCON- 
DUCTOR. The pattern of mtc rmiiigh d nor- 
mal and supei conduct mg regions character- 
istic of the inter mediate state. 

DOMAIN THEORY. It is now known thit 
ferromagnetic materials xre coin])osed of 
many small magnets oi doiiains Each do- 
main IS in a saturated condition, the mag- 
netization of the material depends upon the 
orientation of the magnetized domains (See 
domain [2].) 


DOMINANT MODE OF PROPAGATION 
(TRANSMISSION). The mode of propaga- 
tion of the dominant wave (See wave, dom- 
inant.) 

DOMINANT WAVE. See wave, dominant. 

DOMINANT WAVELENGTH. The wave- 
length of light of i single freciiicncy, which 
m itches i color when coiibincd in suitable 
pioiior tioiis with i icfcunee standard light 

I ight of a single liecpitne} is approximated in 
pi utiec 1)\ iljc use of a r inge of w i\elength& 
within wliidi there is no no(ue*able difference 
of color Although this pi letiee is ambiguous 
in pniuiple the doiiiin int w leckngtti is usu- 
all>^ taken is Ihi uei ige w i\elonotl\ of the 
bind UMcl in the mixtuie with the reference 
‘^tancl ir d in itc lung tnc sample Man\ differ- 
ent qinlitics of li^ht irc used as reference 
st ind u (Is unde 1 \ nions ( n e iiinsl \n( cs Usu- 
i!l\ the cpi ilitv oi the pre\ ailing illiiinination 
IS leecptible is tlic ic fere nee st ind iid in the 
(h (( rinin ilion of the dorninint wavelength of 
the ^ok)is ot objects 

DONNAN EQUILIBRIUM. If a solution 
eoni lining i silt with x non diflusiMo ion is 
^el)^rlt(d liom a ■solution of an electrolyte 
cont lining eUHusible ions by a se mipermeable 
ni( mbi me then it C(|mlil)i lum in electro- 
liie dill(unf*e of jiotcntiil t-e lined a ^hnem- 

I I me fiotcnlnl' will lx tsf iblislicd between 
tiie iwo solutions se^iimted by the membrane 
\ elithienee in osmotic pressure will also be 
e‘‘t iblisht (1 it ((juilibnum Piotcins in the 
pie'-ciKe ot simjile silts exluhit this f henom- 
( non 

DONOR (IN A SEMICONDUCTOR). See 
impurity, donor 

DONOR ENERGY LEVEL \n encrg\ level 
rssociated with a donor impurity m a senii- 
eonduetor See impurity, donor.) 

DONOR IMPURITY. See impurity, donor. 

DONUT, DOUGHNUT. An accelerating 
lube of toroid il shape 

DONUTRON. A form of tunable magnetron. 

DOOR-KNOB TUBE. See tube, door-knob. 

DOPING. Addition of impuntics to a semi- 
conductor, or production of a deviation from 
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stoichiometric composition, to achieve a de- 
sired characteristic. 

DOPING COMPENSATION. Addition of 
donor impurities (see impurity, donor) to a 
P-type s(*mieonductor (see semiconductor, P- 
type) or of accejitor im]niritics (see impurity, 
acceptor) to an N-type semiconductor (sec 
semiconductor, N-type). 

DOPPLER BROADENING. A spreading of 
radiation frequencies that are potentially all 
the same, with a resulting broadening of the 
corresponding .spectral line, whicli takes place 
when radiating nuclei, atoms or molecules do 
not all have the same velocity relative to 
the observer, so lliat they give rise to different 
Doppler shifts. For example, since moleeule.s 
of luminous gases have a Maxwell distribution 
of velocities, these effects produce a range of 
observed freciuencies symmetrically distrib- 
uted about the fretpiency of the atoms at rest, 
this range increasing with increasing t(*m- 
peratuH'; and there is a distribution of in- 
tensilies tlirougliout the broadened line tliat 
is deti'nnined by the ]\Taxwell distribution of 
velocities. In absorption spectra, a similar 
tiroiulemng of the lines can result from the 
motions, relative to the observer, of the ab- 
sorbing atoms or inoleeiiles. In nuclear phys- 
ics, thermal motion^ of the nuclei in tlie ma- 
terial under examin'd ion ran contribute ap- 
preciably to the widths of resonance lines, 
many of \^hicli (for instance, in slow neutron 
absoiqilion) have natural widths of about 
1 ev. 

DOPPI.ER EFFECTS. The effects upon tlio 
npiiarent frecjuency of a wave train produced 
(1) by motion of (he source toward or away 
from the stationary observer, and (2) by mo- 

hA'h _ 

( I I I i I I 1 

Dopp/«r effect motion source X is the altered 
wive liui jth 

tion of the observer toward or from the sta- 
tionaiy source; the motion tu each case being 
with reference to the (supp< . edly stationary) 
medium. 

The Doppler effects are of great importance 
in the case of light (for which it is quite im- 
possible to distinguish between them because 


only the relative velocity of observer and 
source is of relativistic importance). 

The slight abnormality (Doppler shift) in 
the positions of the spectrum lines from a star, 
for example, affords a fairly accurate value of 
the relative speed with which the star and the 
earth are approaching or receding from each 
other (the radial velocity). Many double 
stars (spectroscopic binaries) are recognized 
as such only by the doubling of their sjicctrum 
lines due to (he components moving in op- 
])o&ite directions The spectrum lines of gsses 
are often broadened hecaust of the various 
speeds of the molecules. 

For sound waves, the observed frequency 
/o, in eyclcs/scc, is given by 

c -f w — Co 

fo -L 

V + IV - Ps 

where v is the velocity of sound in the medium, 
P() is the velocity of the ol s awTr, is the \ e- 
lu(‘ity of source, w is the \elocity of wdrid in the 
direction of sound ])ropagation, and is tlie 
fr(H|uency of source*. • 

For optical weaves 



wliere i’, is the velocity of the source relative 
to the observer and c is tlie spec'il of light. 

DOPPLER-FIZEAU PRINCIPLE. I he prin- 
ciple underlying the Doppler effects as ap- 
plied by Fizeau to the shifting of sjiectrum 
lines, 

DOPPLER RADAR. A radar system which 
differentiates between fixed and moving tar- 
gets by detecting the chanee in frequency of 
the reflected wave caused by the Doppler 
effects. The system can also measure target 
velocity with high accuracy. 

DOPPLER SHIFT. The magnitude of the 
change in the observed frequency of a w'ave 
due to the Doppler effects. The unit is the 
cycle per second. 

DORN EFFECT. The production of a po- 
tential difference by a powder falling through 
a liquid, arising from tlie presence of an elec- 
trical double layer around the particles of 
powder. 

DOSE (DOSAGE). According to current 
usage, the radiation delivered to a specified 
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area or volume or to the whole body Units 
for dose specification are roentgens for x- or 
•y-rays, reps or rems (equivalent roentgens) 
for ^-rays. The subject of dose units for 
particulate radiation and for very high energy 
x-rays has not been settled. In radiology the 
dose may be specified in air, on the skin, or 
at some depth beneath the surface; no state- 
ment of dose is comf)letc without specification 
of location The entire quc'^tion of radiation 
dosage units is under (‘onsideration by the 
International Congress of T^ndiology, and it 
is expecied that niav units based on the energy 
absorbed in tissue will be adopted. 

DOSE, AIR (X-RAYS). X-ray dose expressed 
in roentgens delivered at a point in free air 
In radiologic ))ractice it consists onlv of the 
radrifion of the f>riiuary beam, and that scat- 
tered from sunounding air. 

DOT GENERATOR. A generator whose out- 
]nit, when fed into a eorrectlv-operating tc^e- 
vi‘>ion sy^'toin, will eausc a field of regularly- 
spaced dots to nppear on a kinescope screen. 
U^ed for alignment puriioses. 

DOUBLE AMPLITUDE. See amplitude, 
peak-to-peak. 

DOUBLE-BASE DIODE. See diode, double- 
base. 

DOUBLE-BASE TRANSISTOR. See tran- 
sistor, tetrode, 

DOUBLE-BETA DISINTEGRATION, A 

radioactive disintegration in which the atomic 
number increabcs by 2 units and the mass 
number does not change. ObMousl>, this 
process would occur when two ^-particles are 
simultaneously emitted. Twm neutrinos may 
be emitted in tins process. Tlu' process is 
possible, but improbable 

DOUBLE COMPTON SCATTERING. Proc- 
ess in which a photon is incident on a charged 
particle and tw’o photons are given off. 

DOUBLE - CURRENT GENERATOR. A 
generator having both commutator and slip- 
rings, so that a-c and d-c may both be taken 
from it. 

DOUBLE DIODE. See duodiode. 

DOUBLE LAYER, ELECTRIC. A hypo- 
thetical distribution of charge comprising a 
layer of positive charge and a layer of nega- 


tive charge very clo^^e by. The net charge is 
usually zero, but fiehls are produced by the 
dipole moments of the elements of the double 
layer. 

DOUBLE LAYER POTENTIAL. See zeta 
potential. 

DOUBLE MODULATION. S(‘C modulation, 
double. 

DOUBLE POLE - PIECE MAGNETIC 
HEAD. See magnetic head, double pole- 
piece. 

DOUBLE-PRECISION NUMBER. A num- 
ber having twuce as many significant digits 
as are ordinarily used in a particular com- 
puter. 

DOUBLE REFRACTION, ELECTRIC AND 
MAGNETIC. See electric and magnetic dou- 
ble refraction. 

DOUBLE REFRACTION, FORCED. See 
forced double refraction. 

DOUBLE REFRACTION, LORENTZ. See 
Lorentz double refraction, 

DOUBLE REFRACTION, OPTICAL. If a 

crystal of one of certain suh'^tances, such as 
caicite (calcium carbonate, a common min- 
eral) Ls held between tlie eye and a pinhole 
in a <*ard, two bright dots are seen. If the 
crystal is rotat(*d around the line of sight, one 
dot travels m a cade around the other, wliich 
remairib fixed. KA’idently tliere are two re- 
fracted lays; with Uio light normally incident 
on the natural ciystal face, they make (within 
the cr\stal) an angle of ahoiit ti'" 9' The two 
refracted rayb rc\eal a diffiTcnce in refractive 
index. The ouc w'liich remains fixed as the 
crystal revolves, cnll(*d the ordinal y ray, cor- 
responds to a gn^ater index than does the 
other, called the extraordinary ray. For 
sodium light the two indi(‘es of caicite are, 
respectively, 1 658 and 1 486. A simple test 
show's that the two rays con^^ist of plane- 
polarized light, one vibrating at right angles 
to the other. 

These jihenomena were explained by Huy- 
gens (1678) as due to the fact that the orui- 
nary wove has a spherical w^ave front, travel- 
ing with the same speed in all directions, just 
as if the medium wove isotropic; while the 
extraordinary wave has either a maximum 
or a minimum speed along the optic axis, so 
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that its wave front is either an oblate (door- 
knob-shaped) or a prolate (football-shapjd) 
spheroid. 

Many crystals have two optic axes. In this 
case the double wave surface is a much more 
coinplicaled .system in which there are four 
points of intersection, corresponding to the 
two axes. 

DOUBLE REGENERATION. See regenera- 
tion, double. 

DOUBLE-SPOT TUNING. Sec tuning, dou- 
blc-.spot. 

DOUBLE - SURFACE TRANSISTOR. Sec 
transistor, double-surface. 

DOUBLE SUPERHETERODYNE. See het- 
erodyne, double. 

DOUBLE TRIODE. See duotriode. 

DOUBLE T RECTIFIER. Sec rectifier, dou- 
ble-Y. 

DOUBLE ZIG-ZAG RECTIFIER. Two 

three-phase, half-wave zig-zag rectifiers (s(*o 
rectifier, zig-zag) oj^crating \Nilh their outputs 
effectively in parallel, })ut with their relative 
l)hase voltages differing by 60"*. The result 
IS equivalent to a six-phase half-wave system. 
(See rectifier, polyphase.) 

DOUBLER CIRCUIT. A type of self-satu- 
rating, magnetic-amplifier circuit with a-c 
output. (See amplifier, magnetic.) 

DOUBLET. (!) Two electrons which are 
sliared hy two atoiris so as to form a non- 
polar vahmee bond. (St'C bond, non-polar.) 

(2) A })air of spectral lines resulting from 
transitions between a common state and two 
states which differ only in total angular mo- 
mentum (J), i.e , have identical values of 
orbital (L) and spin (S) angular momenta. 

(3) Two stationary states having common 

values of (L) and (S), but different values 
of (J). (4) A lens, particularly an achromat, 

having two components. 

DOUBLET, OSCILLATING. See antenna, 
oscillating doublet. 

DRAG. In aerodynamics and hydrodynamics, 
that component of tl ^ force on a body which 
is in the direction of the mean fluid flow rela- 
tive to the 


DRAG ANGLE. In recording, the angle be- 
tween the cutting stylus and the record when 
the stylus is j'lositioned so that its tip tends 
to drag behind the cutting head. It is the 
opposite of dig-in angle. 

DRAG-CUP MOTOR. See motor, drag-cup. 

DRAG EFFECT. The effect of interionic 
attraction in reducing the freedom of an ion 
to move in an electrical field, because of the 
interference of Ihe ions of oiipositc charge by 
which a given ion is surr(>unded. The drag 
effect is an essential part of the explanation 
of the Debye-Hiickel theory of the anomalous 
})roperties of concentrated solutions of strong 
electrolytes. 

DRAG, FRESNEL COEFFICIENT OF. 
See Fresnel coefficient of drag. 

DRIFT. (1)1 tin (lorn variations in direclion. 
(2) Random variations in a characteristic of 
an eleetromagneti(‘ wave or signal which are 
continuously m one direclion or tlie othtT for 
periods of a second or more. (3) In a mait- 
netic amplifier (see amplifier, magnetic) dnlt 
is a change in the control eh aract eristic due 
to unassigpablc cau'^os. U is (‘X])ressed in 
terms of the signal (usually given in watt) 
required to restore a specified output current 
to its original value. Unless otherwise stated, 
the time inter\'al is 21 hours; the amplifier 
is operated at its rating excej)t for the output 
current which is at the lower \aliie givi'n in 
the resjxmse time definition; and all effects 
other than changes of supply voltage, fre- 
(juency and ambient temperature are in- 
cluded. (4) In a balanced amplifier, drift is 
any unbalance which occurs wdth time or 
change in operating conditions after tlie bal- 
ance control has once been set. 

DRIFT, ABSOLUTE. In a magnetic am- 
plifier, absolute drift is expressed in tenns of 
the inj)ut signal required to rebalance the am- 
})lifier. It may be measured in terms of watts, 
current, or ampere-turns. 

DRIFT, PER CENT. Of a balanced mag- 
netic amplifier, the ratio of the output drift 
to the rated output. 

DRIFT, PER CENT SIGNAL. Of a balanced 
magnetic amplifier, the ratio between the in- 
put drift measured in ampere-turns and the 
maximum signal ampere-turns. 
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DRIFT MOBILITY (IN A HOMOGENEOUS 
SEMICONDUCTOR). The average drift 
velocity of carriers per unit electric field. It 
is to be noted that in general the mobilities of 
electrons and holes are different. 

DRIFT SPACE. In velocity-modulation 
tubes (see tube, velocity-modulation), the 
si)ace between bunchcr and catcher. 

DRIFT VELOCITY. The average velocity 
witli which any carrier drifts under the in- 
lluence of an electric field, and lienee carries 
current in a semiconductor, 

DRIVE-HOLES. Holes in a recording disk 

designed to b<' engaged by the drive-pin to 
prevent slipjuiire betweem the di.sk and the 
turntable. 

DRIVE-PIN. An off-center ])in on a record- 
ing tuintable dc^igne<l to engage tlie drive- 
hole to piHwcnt slij)]).igc of th(' recoiding di.sk. 

DRIVEN ANTENN\. See antenna, direc- 
tional. 

DRIVEN ELEMENT. In an antenna array, 

the (‘lenient or elements wliicii are connc'cted 
to the re(‘(i\er for 1 1 arismitt(Tl , 

DRIVER STAGE. Tlie stage designed to 
'.njijily tli('‘ iiijiiil signal jiower r('((uire(l by 
the last or final stage. 

DRIVING-FORCE RESOxNANCE. Sec res- 
onance, frequency of, 

DRIVING-POINT IMPEDANCE. See ira- 
pcdance, driving-point. 

DRIVING POWF.R. The power ^vliich is re- 
(juired by an amplifier w^hieh ojieratc's in the 
positive grid region some ixjrtion of tlu‘ time 
b'or a class C amplifier, this jiuwf'r is \ery 
nearly equal to the average grid eurrent times 
tlio crest value of the exciting voltage. 

DRIVING SIGNALS. See signals, driving. 

DRIZZLE. Numerous very Huall liquid 
droplets whose diameter is less than 0.5 mni 
and whose rate of fall is usually less than 
3 m per .see. Normally the drops seem to 
float downw^ard. 

DROP. A small volume of liquid, bounded 
almost completely by free surfaces. 

DROP FORMATION. The simplest way to 
form drops is to allow liquid to flow slowly 


from the open low’er end of a vertical tube 
of small diameter. AVhen the jiendent drop 
exceeds a certain size it is no longer stable 
and detaches itself and falls. Drops may also 
be formed by condensation of a supercooled 
vapor or by alomizalion of a larger mass of 
li(liiid. 

DROP WEIGHT. The weight of the largest 
dro]> that can hang from tlie end of a tube 
of radius, a, js nearly 

w(j = 2Tr<iy eo.s a 

where y is I he .surface tension of the liquid, 
a is the angle of contact wlih the tube. This 
lelation^-hip is I he basis of a convenient 
nudhod of measuring surface tension. 

DROP WEIGH! METHOD. See surface 
tension, methods of measurement. 

DRVDE EQUATION. A relationship be- 
tween the spo(‘ific rotation of an optically- 
active su])staneo and the wavelength of the 
lighi, of the form: 



where {a\ is the specific rotation, X the W7ivc- 
length, and k and aiv eon.stants, know’n as 
lh(» rotation const. ant and the di.spersion con- 
stant of the .substance 

DRUDE THEORY OF ELECTRONS IN 
METALS. The original foim of the free elec- 
tron theory of metah in which the electrons 
w'cre treated as ?i gas of cla.ssieal partdcle.s. 
This lluory is capable of explaining the liigli 
electrical conductivity of metals, but altrib- 
utc.s to them far too large a .specific heat, and 
lias lo bo .sui)p]emrnted by the postulate that 
the electrons obey Fcrmi-Dirac, rather than 
Maxwell-Bolt/mann statist ic.s. 

DRUM SPEED. Th(‘ number of scanning 
lines [>ei minute in a facsimile system. 

DRUMSKIN ACTION. The vibration of a 
wall as a wdiolc under the action of an inci- 
dent sound wa^T. 

DRY-DISC RECTIFIER. See rectifier, dry- 
disc. 

DRY ELECTROLYTIC CAPACITOR. See 
capacitor, dry electrolytic. 

DRYSDALE POTENTIOMETER. See po- 
tentiometer, Drysdale. 
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DUAL - AUTOMATIC RADIO COMPASS. 
See radio compass, dual-automatic. • 

DUAL - DIVERSITY RECEIVER. Sec re- 
ceiver, dual-diversity. 

DUAL MODULATION. See modulation, 
dual. 

DUAL NETWORKS. Sec netvi^orks, struc- 
turally dual. 

DUAL-TRACK RECORDING. Tn mac;nctic 
tape recording, the rc'conling of irifonriation 
on two clianncls on one strip of tape. Uoin- 
inereial systems usually reeonl u]) one side 
and down the other, thus effectively doubling 
the tape length. 

DUALITY OF DESCRIPTION. Sec tom- 
plemcntarity principle, 

DUANE AND HUNT LAW. X-rays gcuier- 
ated by electrons striking a targ(‘t cannot have 
a frequency greater than cV/h where e is the 
el('ctrnnic charge, V the exciting voltage and 
h is Planck’.s constant, ffdiis is a simple con- 
sec juencc' of quantum mechanics, 

DUBBING. The combining of two or more 
sources of sound into a eomplet(' recording, 
at least om* of the sources being a recording. 

DUCT, LINED OR ABSORBING. Tubes 
used in ventilator and exhaust systems to pro- 
vide a high degree of attenuation for audio- 
frequency waves while offering low resistance 
to eontinuous flow of air. For rectangular 
conduit lines with absorbing material, the at- 
tenuation, in (ih/jtj is given empirically by 

attenuation (ilb/ft) = ]2.Ga’'^ — 

A 

where P = perimeter in inches, A ~ eross- 
seetional area in scjuare ineliea, a = absorp- 
tion coefficient of lining. 

DUCTILITY. The jiropcrty of being ductile, 
i.e., capable of being drawn out in a wire. 
It is generally possessed to the great c.st degree 
by certain metals. 

DUFFIN-KEMMER MATRICES. Matrices 
{fjL = 1,2, 3, 4) satisfying 

r (9 mc'l 

The equation 2/9,. j \yj/ = 0 then de- 

L h J 

scribes partici*" ' of spin 0 or ft. 


DUFOUR EFFECT. Abnormal Zeeman ef- 
fect. Individual lines show Zeeman effect in 
band spectra, if obscrv'cd in a direction paral- 
lel to field and if circular vibrations are con- 
verted into plane ones with a quarter-wave 
plate, llirougli Nicol prism. 

DUilEM-MARGULES EQUATION. A rela- 
tionship between the jiaiiial vajior pressures 
of a two-component liquid system and the 
coneontration of the constituents; 

V ONa /P'r V ONb /i\t 

or 

d In Pa d In pb 

d In Na d In Nb 

wh(‘re. Na = mole fraction of component A, 
Nb = mole fraction of component B, pa - 
partial pressure of component A, the vapor 
behaving as an ideal gas, pb - partial pressure 
of component B, the va])()r behaving as an 
ideal gas, P ~ total pn'ssure, T — tempera- 
ture. Tliis relation may only be api)lied itt 
constanl. tempciraturc. 

DULONG AND PETIT LAW. The i)i()du( t 
of the atomic weight and llu‘ spiadfie luait of 
many solid elements (i.e., their atomic heats 
or thcrijjal eaiiaoities) have almost the same 
value, about (> caloric's per ^C. Dulong and 
Petit exiiresscd this relationship by htating 
that the specific heats of elements are in in- 
verse proportion to tludr atomic weights. 
This ‘datv’' tends to be obeyed best at liigli 
temperatures. (Cf. Debye theory of specific 
heals. ) 

DUMAS METHOD FOR VAPOR PRES- 
SURE. A small quantity of the liquid the 
density of wlio.se vapor is required is inserted 
into a weighed glass bulb wdiich has a neck 
draw'll to a point. The bulb is heated to about 
30^C above tiie boiling-point until the liquid 
disappears, the vapor being rapidly expelled 
and carrying the air in the bulb wdth it. After 
measuring barometric pressure and tempera- 
ture of the bath, the bulb is .scaled off, cooled, 
and re-weighed. The end of the neck is then 
broken off under water, wdien the water com- 
pletely fills the bulb. The weight of the bulb 
is again found, full of w'utcr, giving its in- 
ternal volume. From the readings the weight 
of a knowm volume of vapor is found, and 
hence its density. The method is frequently 
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used when a more accurate method than the 
Victor Meyer method is required. Modi- 
fications have been made at lower pressures 
and higher temperatures. 

DUMMY ANTENNA. See antenna, dummy. 

DUMMY INDICES. The repeated indices v, 
<T, etc., in an expression of the form 

ffT ' ' 

Vicr . 

The term is used particularly in relativity 
theory, in which the summation convention 
implies summahon over the values 1 to 4 
of all dummy indices. 

DUMMY LOAD. A dissipative but essen- 
tially nonradiating, substitute device. 

DUODIODE. Bee tube, electronic for dis- 
cussion of double diod<‘. 

DUO . DIRECTIONAL AMPLIFIER. See 
ampliBcr, push-pull. 

DUOLATERAL COIT.. A coil having its 
conductors wound in a cnss-crossed faslnon, 
to r(‘ducc wauling capa(‘itance. 

DUOTRIODE. Two triodes in a single en- 
\ elope 

DUPLET. A pair of electrons that is shared 
by two atoms and that corresponds to a single 
valence bond. 

DUPLEXERS (TRANSMIT-RECEIVE CIR- 
CUITS). Ciicuit^ tliat make ])ossi})le the use 
of the same antenna for both traiisniission and 
rece])lion, by preventing the tlow of damaging 
amounts of power to the iecei\er during trans- 
mission, without at the same time r(*ducing 
exce^sively the input to the receiver during 
rece})tion. (kmsider a basic circuit shown 
below. During reception, the opeii-circuitod, 



Receiver 


DnPT.EXERS 

Basic circuit showing placement of T-U and anti- 
T-R tubes (By pormivsion from “Microwave The- 
ory and Techniques” bv Reich ot al , Copyright 1953, 
D. Van Nostrand Co Inc.) 


quarter- w’avelcngth branch containing the 
antirT-R tube produces an effective short cir- 
cuit at the junction of this branch and the 
transmitter branch, and tlicrefore prevents 
loss of received powTi* to the transmitU^r. A 
quarter of a w^avelength awa}^ at the junc- 
tion of the antenna and receiver lines, this 
short circuit apjiears as an open circuit. Dur- 
ing transmission, both tubes break down and 
short-circuit th(‘ lines in which they are 
placed. Since the shoil circuits occur at a 
distance of a quart er-w'a\ elongth from the 
transmitter-antenna lino, the receiver and 
anti-T-R lines prcsimt an infinite (ideally) 
impedance acro'-’s the tran‘^rpitter-antenna 
line, and therefore dnaa-t negligible powder. 
It is jjossible to use only the T-R tulie but 
this ne^'cssiiates careful adpistment of the 
tran^mitter-fo-junction distance which, in the 
scheme shown, is not a critical factor. (See 
transmit-reccive switch.) 

DUSHMAN EQUATION. See Richardson- 
Dushinan equation. 

DUST CORE. A magnetic core composed of 
pulverised particles hound together by a suit- 
able hinder The small particle-size reduces 
core lo^'ses sufficiently to allow use of the cores 
at much higher frequencies than wmnld other- 
wise be i)0"wsible. 

DUST DEVIL. Whirlwinds over sandy areas 
which ]>ick up dust and sand, sworling the par- 
ticles upward They sometimes become fairly 
strong and reach hundreds of feet upward. 

DUST STORM. Over dipdy diy or desert 
areas bliong winds wdiich lia^e picked up con- 
siderable dust and carri^'d it to great lioights. 
Sand storms are similar to dust stonns. Throe 
factors arc necessaiy in the development of 
a dust or sand storm: (1) a dusty or sandy 
surface, (2) strong winds which can strike g.t 
the ground and pick up dust particles, and 
oS) a steep lapse rate, i.e., unstable air. which 
permits the dust to be carried to great heights. 

Visibility in dust storms is usually only a 
few’ yards and sometimes reduced to night- 
like darkness. 

DUTY CYCLE. (1) The time interval oc- 
cupied by a device on intermittent duty in 
starting, running, stopping, and idling (2> 
The ratio of this time interval to the total 
time of one operating cycle. 
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DUTY FACTOR. In a pulse carrier com- 
posed of pulses that recur at regular intervals, 
the product of the pulse duration and the 
pulse-repetition frequency. 

DX. Abbreviation used to indicate distance 
in communication, as between distant stations. 

DYADIC. An operator, related to a tensor 

of tlio second rank, which transforms one 
vector into another. Thus 


aR = C. 

Tlie d3^‘ldic Ci in ?i dimensions lias compo- 
nents Aij in <he coordinate syst('m 0*2, 

Th(' definition of a d3\adie reciuires that 
the components of Ci in a new coordinate sys- 
tem, x'l, ^'2, • • • y'ny be given by 


where 


. . . , d . r ,„ ^>^71 

= L- ,, - , 

hi ,n i j 


h 


2 

m 


Xrlx'J \dx',J 



Dyadies diffca- from tensors in tlie factor in- 
volving the scale factors, etc. Censors 
have the factor or ]/h\h'j but not both. 
The advantage of the dyadic form is that its 
dimen si oTialit,y does not change upon trans- 
formation, whereas that of a tensor may 
cliango. 

A dyadic is often written symbolically as a 
vector product, the usual dot or cross being 
omitted. Thus, Ct = RC. The components 
A ik of (i arc the various products n^(\ and are 
therefore homogeneous quadratic functions of 
the vector components. 

Dyadies are used in the study of eiystal 
structure, rotaliim of bodies in mechanics, and 
in elastic deformation. 


DYKANOL. Trade name for an askarel 
(chlorinated synthetic) impregnant for paper 
capacitors. 

DYNAMIC BROKING. S(e braking, dy- 
namic. 


DYNAMIC CHARACTERISTIC (OF AN 
ELECTRON TUBE). See load characteristic 
(of an electron tube). 

DYNAMIC COOLING. ^)( crease in tem- 
perature of air wlien caused oy its adiabatic 
expansion in movi’i^' to a higher altitude or 
other region of lower pressure. 


DYNAMIC LOUDSPEAKER. See loud- 
speaker, dynamic. 

DYNAMIC MICROPHONE. See micro- 
phone, moving-coil. 

DYNAMIC NOISE SUPPRESSOR. See noi.se 
.supprcs.sor, dynamic. 

DYNAMIC PICKUP. A pickup utilizing a 
coil jio'-itionc'd in a constant magnetic field 
and driven by the stylus. 

DYNAMIC POWER GAIN. See power gain, 
dynamic. 

DYNAMIC PRESSURE (TOTAL HEAD). 

The i^ressiire that moving iluid would attain 
if it \v('re brought to rest by isentropic flow 
up a prej'.'^iin' gradient. For an iueomiu’essible 
fluid, (he djmaimc pre-Mire is the .sinn of the 
loeal pressure and the kinetic energy piT unit 
vohim(‘. 

DYNAMIC SENSITIVITY. See sensitivity, 
dynamic. 

DYNAMIC SEQUENTIAL CONTROL. Se(^ 
sequential control, dynamic. 

DYNAMICAL ANALOGIES. The formal 
himilai ilies among tlH‘ iliitercntial equations 
of electrical, nii'chanical and acoustical sys- 
tems wliicli make possible the reduction of 
mechanical and acoustical systems to elec- 
trical netw'orks and (he solution of such prob- 
lems by electrical circuit theory. 

DYNAMICAL SIMILARITY OF FLUID 
FLOW. J ["w-'o geonn'trically similar fluid 
flows are dynamically similar if the flow field 
of one may be transformed into the flow field 
of the other by the same cliange of lenglli and 
velocity scales that wuis neccssarj^ to make 
the boundary conditions identical. If the 
equations of motion of the flow are made non- 
dimensional by expressing velocities and 
lengths as fractions of those scales, tiiese equa- 
tions contain a number of non-dimensional 
coeflicients tliat det('rniine the character of 
the flow\ Tlie general condition for dynam- 
ical similarity is that all these coefficients 
should be the same for the two flows. The 
coeffioients commonly used are the Reynolds 
number, the Prandll number, the Grashof for 
Hayleigli) number, the Mach number and the 
Froude number. 
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DYNAMICS. Of, or pertaining to the de- 
scription of the motion of systems of particles 
under the influence of forces. Dynamics deals 
with the cau.^es of motion, as opposed to 
kinematics, which deals with its geometric 
description, and to statics, which deals with 
the conditions for lack of motion. 

DYNAMO. A member of a general class of 
machines capable of transformation of elec- 
trical into mechanical energy, or vice versa. 
The word is a shortened form of dynamo- 
electric. A feature of all dynamo machines 
is the employment of magnetic induction in 
effeeting the transformation. Tlie essential 
parts of an ordinary dynamo are tlu' arma- 
ture and the field. One of tliese is mounted 
on a rotating sliaft, and the othcT is stationary. 
In ideal cases, su(‘li as d-c dynamos and sepa- 
7'alely-exeeuted a-c dynamos, the machine is 
re\(‘r^ilde, i e , it may be used as either a 
motor or a gdierator. 

DYNAMOELECTRIC AMPLIFIER. See 
amplifier, dynamoclectric. 

DYNAMOMETER. An instriinionl for meas- 
uring f()ic(‘, such as a spring balance. Movt 
\\iii(‘rs, however, a])i»ly the term to eeidain 
devices for the measuremenb of meehanical 
power. The jiriiicipal elassifieation is derived 
Irom tlie fact that some ty])es of dynaniom- 
(‘tei's absorb all of the j)o^\er, which is con- 
verted into heat, Asdierfais oHhm’s IrMisnnt tlu' 
power they receive to «omc oilier absorber 
of i)ower, measuring i( duung the process. 
These are called, resjK'ctiAa'ly, absorption and 
transmission dynamometers. 

In the absorption dvn'nnonu’tcr class there 
are types which eonMit the mechanical to 
heat energy through the medium of mechan- 
ical friction. They are all similar to the 
Prony brake. (Sec brake horsepower.) The 
fritdion surfaces are variously wooden blocks 
against metal drums or fiulleys, bands wulb 
wooden cleats, ro])es, or friction-surfaced 
brake bands. Also there arc liyrlraulie dyna- 
mometers which absorb the power by fluid 
friction. One common arrangement is similar 
to a centrifugal })ump, exccfit that the ca‘=5ing, 
instead of being rigidly fixed to a bed plate, 
is freely suj^poried on the pro]:)eller shaft. It 
is r(‘strained from rotating by an attached 
arm. The restraining moment in the brake 
arm is measured by platform or spring scales. 
The energy absorbed appears as a heating of 


the water in the dynamometer. To pi'i'vent 
it boiling it must be steadily renewed. Thus 
the ciHTgy is carried off in a stream of water 
entering the dynamometer cool and leaving 
warm. Air friction has also been set to use in 
the fan brake absorption dynamometers. 

One of the most convenient means for meas- 
uring ])ower is to convert it to electrical powder 
(watts). In an electrical dynamometer a 
generator is slightly modified. The stator is 
mounted, free to revolve, but restrained from 
revolving by a brake arm which is attached 
to it, and to wdiich arc fastened weighing 
scales. The tendency of tlie easing to rotate 
with the rotor which i^^ eunneeted to tlie source 
of the powau' is opposed by the brake arm. 
The* force sliowm on the scales becomes a 
torque when multijilied by its lever distance 
from the center of rotation. Since power is 
torque multiplied by rutativc speed, the only 
otlur reading necessary from the dynamom- 
tler is the s])eed of the rotor ^haft. In all ab- 
soiption dynanuanetfis the easing is mounted 
free to nwolve under tlie action of mechanical 
friction, tiiiid friction, or magnetic drag. Ac- 
inal rotation is prevented by the attached 
brake arm. Powder is Tri(‘asured as a torque 
()p('rating at the rotative speed of the driven 
shaft. 

A l^an‘-mi^siou typf' dynamometer is illus- 
trated by the torsion Ivjie, in wdiich a shaft 
delivering jiow’er is twusted through a small 
angle by tiu' torque. Sucli a shaft may be 
calibrator! at n‘st by mea'^uring the torsional 
rlefleetKm obtained unrhu* knowm torque 1oad- 
ing'' This dynamometer has its greatest field 
of usefulness Avliere the other tyjies are im- 
practical ]\Ir‘asurement of powaT output from 
a large marine engine is tyi'iieal. 

DYNAMOTOR. A double-armature rotating 
electrical machine. One of the armatures is 
wanind for low voltage dirort current, and 
serves as a motor ann.afure. The other arma- 
ture is wound for a high d-c voltage and serves 
as a renerator winding The machine is used 
for bup])Iying plate voltage to portable radio 
equipment, being opei’atod from storage liat- 
teries on the motor end and sup]dying the 
high voltage d-c from the generator winding 

DYNATROL. Trade name for a solenoid- 
operated control motor. 

DYNATRON. This term is applied to a 
vacuum tube operated in such a manner that 
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its plate charaoterifttic has a negative re- 
sistance section, i.e., the plate current* in- 
creases while the plate voltage decreases. 
The most common application is for stable 
oscillators. The screen-grid or tetrode vac- 
uum tube exhi!)its this characteristic when 
the screen voltage is higher than the plate 
voltage. 

DYNATRON OSCILLATOR. See oscillator, 
dynatron, 

DYNETRIC BALANCING. An electronic 
method of balancing rotating parts. The test 
apparatus can locate and measure the degree 
of imbalance. 

DYNODE. (1) An additional electrode in a 
photomultiplier tube, which undergoes* sec- 
ondary emission upon bombardment by photo- 


electrons, and thus effects amplification. (2) 
A photo-multiplier tube having one or more 
dynodes (1). 

DYNODE CURRENT. See electrode cur- 
rent. 

DYOTRON. A microwave oscillator tube 
(see tube, microwave oscillator) containing a 
single cavit}^ and three electrodes. 

DYSPROSIUM. Rare earth metallic ele- 
ment. Symbol Dy. Atomic number 66. 

DYSTECTIC MIXTURE. A mixture of two 
or more substances in such proportions as to 
yield the maximum melting point, so that upon 
altering the proportions the melting point is 
lowered. Correlative of eutectic mixture. 



E 


E. (1) Symbol for an electron or its electric 
charge (e). (2) The number e (see e, the 

number), the natural logarithmic (Napierian) 
base (e). (3) Electromotive force (fi or E), 

(4) Electrode potential (c ov E). (5) The 

Einstein, a unit of energy {E). (6) Total 

energy (E), (7) Kinetic energy [Ei). (8) 

Potential energy (Kp). (9) Energy of vibra- 
tion (Ev). (10) l^^Jectric field strength (E). 

(11) Illuminance {E). (12) Young’s modulus 
of elasticity {E). (13) roeffieieTit of resilience 
or restitution (e). (11) Radiant flux density 

(s). (15) In spectroscoi)y, enhanced at elec- 

trode (e), enhanced in spark as compared 
with arc (E). 

e. THE NUMBER. A transcendental num- 
ber, used as Hie base of the systenu of natiu'al 
or Napierian logarithms. It is defined !)y 



or by 

e = hm (1 + 

X -* 0 


It is represented by the infinite series 

1111 1 
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and has the approximate value of 2.71828. 

E LAYER. An ionized layer in the E region. 

E-LINES. A contour representing a constant 
electrostatic field strength with respect to 
some reference plane. 

E-PLANE BEND. For a rectangular uni- 
conductor waveguide operating in the domi- 
nant mode, a bend in which the longitudinal 
axis of the guide remains in a plane parallel 
to the electric field vector throughout the 
bend. 


EAGLE MOUNTING. A method of mount- 
ing a dijBFraction grating so as to use the dif- 
fracted light, which IS returned back along 
nearly the same ])ath as the incident beam. 

EARNSHAW THEOREM. No charge can be 
in stable equilibrium in an electric field under 
the influence of electric forces alone. 

EARPHONE (RECEIVER). An electro- 
acouslic transducer (sec transducer, electro- 
acoustic) intended to be closely coupled 
acoustically to the ear. The tenn “leceiver” 
should be a\oided wlien there is risk. of ara- 
biguily. 

EARPHONE COUPLER. A cavity of pre- 
determined sha])e \vhi(‘h is used for the testing 
of earphones. It is ])roM(Ie(l with a micro- 
phone for the measureiiK'nt of pressures de- 
\ eloped in the cavity. 

EARPHONES, INSERT. Small earphones 
vhieli fit partially inside the ear. 

EARTH, EFFECTIVE R.\DIUS OF THE. 

An efTective value for the radius of the earth, 
which is used in place of tlie geometrical 
radius to correct for atmospheric refraction 
when the index of refraction in the atmos- 
l>here change^ linearly with height. Under 
conditions of standard ndraetion, the efTec- 
tive radius of the earth is 8 50 X 10® meters, 
or % of the geometrical radius. 

EARTH, FIGURE OF THE. The exact shape 
and size of the earth, as dederrnined by ter- 
restrial surveys in eonj unction with the ob- 
servation of celestial bodies from various 
points on the surface, or in conjunction with 
measurements of the acceleration due to grav-* 
ity. The earth is apjiroximated closely by 
an oblate spheroid, with an equatorial radius 
of 6.378 X 10® meters and a polar radius of 
*6.357 X 10® meters 


E-PLANE TEE JUNCTION. See junction, 
E-pIane tee. 

E REGION. The region of the ionosphere 
between about 90 and 160 kilometers above 
the earth’s surface. 


Earth inductor, a eoil rotated in the 
earth’s magnetic field to permit determination 
of the field's strength. 

EARTH INDUCTOR COMPASS. An induc- 
tion compass, (See compass, induction.) 
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EARTHED. See grounded. 

EBERHARD EFFECT. iOherliard gave a 
photographic plate a uniform exposure through 
a metal plate with openings of various sizes 
and found that the density of the exposed 
areas varied, the dcMi^ity decreasing with tlie 
size of tlic area. The amount of the variation 
in density incn’ascs with the thi(‘kn('ss of the 
emulsion coating and is decreased by an ex- 
posure of the background or by gcmeral fog. 
The effect is produccfl l)y all organic dcveloj)- 
ers but not by ferrous oxalate and is consid- 
ered to be due to the effect of the accumula- 
tion of restraining hy-])r(ulucts of th(‘ i)roce,ss 
of development. The El)crhar(l effect is a 
factor affecting the fidelity of ])hotogiviph- 
ically recorded sound, and the accuracy of 
the photographic image in ast ropliysical and 
photometric invcstigatioiH. 

EBULLIOSCOPE. Any instrument that 
measures a property hy a deviation from a 
normal known boiling point. Tims this term 
is applied to an ap[)aratus in which tiu' i)cr- 
centage of ah'ohol in a mixture is (‘slimatod 
by an obscTvation of tlie boiling point. Beck- 
mann’s apparatus for molecular wciglit (hder- 
miTiation is an ebulliiyscoju'. 

EBULLIOSCOPIC CONSTANT. A quan- 
tity calculat('d to represent the molal (*leva- 
tion of the boiling point of a solution, by the 
relalionsliip: 

K - 

' lOOO/,, 

in which K is the ehullioseoiuc con.^tant, R is 
the gas constant, 1\, is tin' boiling point of the 
pure solvent, anti is the latent heat of evap- 
oration per gram, d'he product of the obullio- 
scopic constant and the molality t)f the solu- 
tion give the actual elevation of the boiling 
point for the range of values for which this 
relatioii'-hip applies. Tlnfort.matcly, this 
range is limited to very dilute solutions, not 
extending to .solutions of unit molality. 

EBULLISCOPY. Dete rminatu)n of molecu- 
lar weight by measurement of elevation of 
boiling point. 

EBULLITION (BOILING). The va])oriza- 
tion of a liquid due to the (escape of bubbles 
of its vapor fonued wlicrc heat is applied 
below the surface. 


ECCENTRIC. A machine element employed 
to .convert rotating to reciprocating motion. 
Its function is similar to that of the crank. 
The eccentric is used chiefly for short throws, 
where it w’ould be undesirable to break the 
shrift, as is necessary in the case of a crank. 
It consist.^ of a disk mounted on a shaft in 
such a way tliat the geometric center of the 



disk does not coincide wdtli the center of rota- 
tion. The distance^ between the center of rota- 
tion and the gi^omelric c.'iitcT of the (iccc'iitric 
is the throw. This corresponds to the crank- 
arm distance' of an (‘(|uival(‘nt crank. Tlie 
(‘(‘centric is chiefly used lo drive' auxiliaries 
su(‘h a." valve g(‘ar, ami where recijirocation 
of small inagiiitudc is needed. The earn and 
crank may be enqiloyed to iirovidc sinnlai 
motion. 

i:c:c:entric anomaly (celf.stial^ 

MECHANICS). Tlu' eccentric anomaly K 
the arc co'^ine {a r)/(u whore a is the ^emi- 
major axi" of an ('ir)i>tical i)lanetar>^ orbit, r 
is the radius vi'ctor from the focus to the 
])ath, and ^ is (he eceentricity of the clli[)'-e. 
E afipc'ars in llu' Kepi (a* efpialion Af - E c 
sin wdierc M is I In' mean anomaly. The 
solution of the I\epl(*r ecjuatiun Avitli a given 
value of M jX'nnits E and hence r to be de- 
termined. 

ECCENTRIC CIRCLE. The unmodulated, 
('iidlc'ss groov(' provided at tlu' inside of most 
I)honogra[)h records. I(s center differs from 
that of the record, to facilitate the actuation 
of tin* trij> mechanisms of some types of auto- 
matic recoi'd changers. 

ECCENTRIC SPIRAL. The unmodulated 
spiral groove which leads from tlie end of the 
modulated groove portion of a phonograph 
record to the eccentric circle. 

ECCENTRICITY. Sc(' conic section. 

ECCLES-JORDAN CIRCUIT. See circuit, 
Eccles- Jordan. 

ECHELETTE GRATING. A diffraction 
grating in wdiicli tlie lines, grooves, have been 
shaped so as to concentrate much of the radia- 
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tion of a given wavelength into one particular 
order. Particularly useful in the infrared 
portion of tlie spectrum. 

ECHELLE GRATING. In studies of high 
resolution diffraction gratings, it is observed 
that resolving i)ovver at a given ’wavelength 
depends only on Ihe ruled width of the grating 
and llie angles of illiiminaLion and t)bserva- 
tion, and not specifically on the number of 
ruled grooves The ruling of ninny indies of 
a grating with a lew tern's of tliou^and.s ot lines 
per indi is an almost impo>^i])le ta^k. An 
ediclle grating ha 3 ^eiy fine line'^ ruled miieh 
farther apart than i'^ ciistomaiy Such a grat- 
ing ha> very liigii resolution, but over only 
a quite narrow haiul of wa\elengths lleiue 
it is cnstomaiy i > clO'-'>^ ui (‘didh gi* iting v itli 
a second gialing (or ])remi of lowe'r resolving 
powder, thus ju’oducing what e '-smtinlly a 
tvvo-dimen^ioiial sjxMtroarain 01 echellegrain. 

F.CIIELLEGR'VMS. Spectra on a photo- 
grajihic plate enu-ed bv an eehelle grating. 

ECHELON. A higlily ‘-pi ciah/( d loim of 
diffraction grating, devised by Midielson It 
consists of a low of glass plates of exactly 
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equal thiclvuess, packed together to fiirin a 
miniature stains ay of e(]ual users The liglit 
enters normally to the laigcst plate at one end 
(see figure) and emerges at ’s anoin deviations 
through the low^ “risers ’’ 

The echelon may also ho used as a reflec- 
tion instiaimont, the light lieing reflected from 
the stcjia. With ^0 plates, a resolving powa'‘r 
over 10^ may be obtained, a lesolvnig power 
rivaled only by the Fabry-Perot etalon and 
the LunniuT-Gchreke plate, 

ECHO. A W'ave which has been reflected at 
one or more points in the transmission me- 
dium, or otherwise returned with suflicicnL 
magnitude and delay to be perceived in svime 
manner as a wave distinct from that directly 
transmitted. 

ECHO DEPTH SOUNDING. The deter- 
mination of the depth of water by the meas- 
urement of the time interv^al required for a 
sonic or supersonic pulse to reach the trans- 


mission point after being reflected from the 
bottom. 

ECHO, FLUTTER. A rapid succession of 
reflected pulses resulting from a single initial 

pulse. 

ECHO LEVEL. 

E = 10 log — 

/, 

wheie E — echo lew cl in d('cibels, = inten- 
sity of leturning sound signal, reference 
intensity. 

ECHO, MUSICAL. A flatter echo (see echo, 
flutter) tiiat is pei iodic and has a flutter 
whosiJ ficquency is in ilie audible range. 

ECHO HAN(HNG. d'lic determination of 
tlie distance aiul dircclion of underwriter ob- 
je(‘ts by thf' same [iroce^s used m echo depth 
sounding. Commonly called sonar. 

ECHO SUPPRESSOR. When an electric 
\\a\(' on a line eneounlcis a discontinuity or 
Iiomt at wJinfli tlu‘ impedances do not match 
(sie mij>edance matching) some of it is re- 
tl(‘c^(<l 'rins reflected wave may return to 
llc‘ suiding end of the Imo with sufficient am- 
plitude to 1)0 ob)ccti(inal)le. This is especialK 
tine in telriflione seniee. While an effort is 
made to pnwent reflections, there are case^ 
whcic cneigv is ft‘d hack along ihe line and 
K'tnin^ to the scikUt as an oiflio. In certain 
systemc3 two lines (1 win's) arc employed for 
transmnsjon in the two directions and in such 
systems (cho suiipre-^soih may be used to sup- 
IJKss the leturning w\ave This is acconi- 
])li'>hed by using a relay to short one line wdien 
tlieic is a signal on the other. Thus if party 
A is talking and sending a voice signal to B. 
the voice currents on the line from A to B 
operate a slioiting relay across the line from 
B to A so party A docs not receive his own 
Aoice as an echo. 

ECHOES, TIPES OF NATURAL. These 
include: (J) The disciHc single echo. (2) 
The discrete nmltiplo eelio (a number of suc- 
cessive n flection -^1 . (fl) Tlie ovcrlai>ping mul- 
tiple echo -reverberation. (4) The diffuse 
echo, due to the scattering of sound by many 
small objects. (5) The harmonic c^ho, due 
to the greater scattering of an overtone than 
of the fundamental. (6) The musical echo, 
due to reflection from, or scattering by, a 
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series of objects spaced at uniformly increas- 
ing distances from the source, 

ECO. Abbreviation for electron-coupled os- 
cillator. 

EDDINGTON THEORY. Theory proposed 
by A. S. Eddington to d(*seril)c tlie observed 
values of tlie jirot on-electron mass ratio, the 
fine structure constant, and oIIkt dinion^ion- 
less ratios Basc'd jirimarily on the idea that 
in describing a physical system it is not legiti- 
mate to ignore' the presence of the n'sl of the 
universe. It has not yet been possible to put 
the theory into a jirecise form. 

EDDY CURRENT(S). Currents set up in a 
substance by variation of an applied ,niag- 
lu'tic field. (See Maxwell equations.) Eddy 
currents result in bolli power loss and reduc- 
tion of magnetic flux. Tran.-^former cores and 
dynamo frames are laminated to break u]) the 
iron stniclure in(o thin, insulated layers, to 
reduce eddy currents. Eddy currenis are ii-^ed 
in induction healing and in various damping 
devices 

EDDY-CURRENT ENERGY. The energy 
lost due to eddy currents. (See current, 
eddy. ) 

EDGE DISLOCATION. Sec dislocation, 
edge. 

EDGE EFFECT. Tn a capacitor comprising 
two parallel plates, the electric field is normal 
to the plates except near the edges, where the 
field lines bulge outward This edge effect 
introduces a correction to the capacitance as 
computed from the parallel field idealization. 
By giving one plate greater area than the 
other, and surrounding the smaller plate with 
an auxiliary guard ring maintained at the 
potenlial of the smaller jilatc, the edge effect 
is eliminated, and the capacitance lictwcen 
the small plate and the large plate is given 
by the simple theory. 

EDGE TONES. The tones produced by the 
splitting of an air- jet by a sharp edge main- 
tained in the jet. 

EDSER-BUTLER METHOD OF CALI- 
BRATING A SPECTROMETER. By pass- 
ing light through an etalon cf known thick- 
ness and then into a .spectrometer, the inter- 
ference bands mav be used to determine a 
curve giving the relation between wavelength 


and position in the spectrum. This method 
was discovered by Fizeau and Foucault 
(1850) , used by Esselbach (1885) , but brought 
into common use by Edser and Butler (1896). 

EFFECTIVE ACOUSTIC CENTER. See 
acoustic center, effective. 

EFFECTIVE AREA (ANTENNA). The 

sfpuire of the wavelength times the powder 
gain (or directive gain) in a specified direc- 
tion, and divided by iir. When power gain is 
used, the effective area is that for jiower re- 
ceplion; when directive gain is used, the effec- 
tive area is that for directivity. 

EFFECTIVE BAND WIDTH. See band 
width, effective. 

EFFECTIVE CUTOFP FREQUENCY. See 
cutoff frequency, effective. 

EFFECTIVE ANGULAR VELOCITY. The 

effective angular velocity at a point is the 
root moan square value of the instantaneous 
angular velocity over a complete cycle at tlie 
point. Th(‘ unit is the radian per second. 

EFFECTIVE FORCE (EFFECTIVE 
MECHANOMOTIVE FORCE). The root 
mean x'^tjuare of tin' instantaneous force (see 
force, instantaneous) o\er a complete cycle. 
The unit is the dyne. 

EFFECTIVE HEIGHT (ANTENNA). In 

its former usage, this term was applied to 
the actual height of the vertical section, mul- 
tiplied by the ratio of the average current in 
that section, to the input current. In its pres- 
ent usage, thixS term means the height of the 
anU'nna center of radiation above the effec- 
tive ground level. For an antenna with sym- 
metrical current distribution, the center of 
radiation ixS the center of distribution. For 
an antenna with asymmetrical current dis- 
tribution, the center of radiation is the center 
of current moments when viewed from direc- 
tions near the direction of maximum radiation. 

EFFECTIVE MASS. A parameter of the 
dimensions of a mass which is often used in 
the band theory of solids. An exact definition 
covering all its uses is impossible, but one 
may xsay that electrons at the bottom of a 
band, and boles near the top of a band, be- 
have in many respects as if they were free 
particles with masses rather different from 
the mass of a free electron. 
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EFFECTIVE MOBILITY OF IONS. See 
ions, effective mobility of. 

EFFECTIVE PERCENTAGE MODULA- 
TION. See modulation, effective percentage. 

EFFECTIVE POWER OF A LENS. The 

reciprocal of the back focal length. 

EFFECTIVE SOUND PRESSURE. See 
sound pressure, effective. 

EFFECTIVE VALVE (OF AN ELEC- 
TRICAL QUANTITY). The root-iucan- 
s(iuarc of the current, ])otential ditlercnce, or 
})owcr in an electrical cinaiil in wliich tlu* cur- 
rent iy alternating or otherwise varying with 
time. The efl‘ccti\e value of a quantity which 
varies sinuboidaily ib ]/\/2 tiiiiey tlie ampli- 
tude. 

EFFECTIVE VELOCITY. Tin eff((tive 
velucity at a point is the root m(‘an squan* 
value of tlie inbtaiilaneous velocity o\(‘i a 
complete cycle at that point. The unit is the 
centimet('r per s('Coud 

EFFECTIVE WAVE. LENGTH. The wave- 
length of a monochromatic beam luuing the 
banu‘ penetration in a given medium as a 
h(‘mu of ordinal y light. 

EFFICIENCY. The general significance of 
this teim as applied to a device or machini' 
in whicli either a transfer of CTKU'gv from one 
})lace to another, or a translormation of energy 
from one form to another occurs, may be ex- 
jircsbcd ay the ratio of useful outimt to total 
input of energy or of pow(‘r. The ratio iy 
customarily exprcbsed as a percentage. If a 
d-c motor, for example, is operating on 4 
amiieres at 100 volts (the potver input is 
400 waitts), and if the motor aetiially delivery 
only 2(S0 watts of nieehanieal power, its effi- 
ciency at that load is 2S0 watts 100 watts, 
or 70 per cent. In general, the efficiency of a 
machine varies somewhat wdth the conditions 
under which it oj)erates. Usually there is a 
load for wdiicli the effieicncy is a maximiun. 
This may be illustrated by a heavy hlock- 
and-tackle. For a small load the efficiency 
would be very low, because of powder wasted 
in bending the ropes; for an excessive load it 
w^ould again be low, on account of the large 
friction which would then develop; while for 
intennediate loads, higher efficiencies would 
prevail. 


The concept may be extended to other than 
purely mechanical systems. Thus, the effi- 
ciency of an electric lamp may be expressed 
in candles or lumens of luminous flux (out- 
put) i)er w^att of electric jmwer (input); or 
that of an automobile horn in 'watts of acoustic 
power (noise) p(T waitt of electric input. 
Various types of heat engine exhibit different 
thermodynamic efficiencies, i.c., the ratio of 
the work derived in the engine to the heat 
energy aj^plied to it. (See thermal efficiency.) 

EFFICIENCY, QUANTUM. Sec quantum 
efficiency. 

EFFLORESCENCE. Tlie property of hy- 
drated salts ti.e., clieniical compounds of salts 
wdth water) whereby they lose some oi all of 
their water of crystallization to the atmos- 
phere. The necessaiy condition i& that the 
water-vapor pressure of the salt is ' greater 
than the partial i)ressurc of water vapor in 
the atmosphere. The process continues until 
the vapor jin'ssure of the salt is nearly equal 
to the partial pressure of the water in the 
atmobiiherc. 

EFFUSIOMETER. Any instrument meas- 
uring rates of effusion of material from an 
orifice 

•EFFUSION. A general term denoting a proc- 
ess of discharge, that is also used specifically 
to deiu)t(‘ the puN'-agt* ot a gas under pH'ssme 
through a small ontice. This process is also 
called diffusion (Se(* Graham law.) 

E-II TEE. A junction composed of a com- 
bination of E and H- plane tee junctions hav- 
ing a common point of intersection with the 
main guide. 

E-II TUNER. An E-H tee used for impf^dance 
transformation, having tw^o arms terminated 
in adjustable jilungers. 

EHRENFEST ADIABATIC LAW. For a 

virtual and infinitely slow alteration of the 
coupling conditions, the quantum numbers 
of the atomic system do not change, and the 
number of terms also does not change. 

EIGENFUNCTION. If a differential or in- 
tegral equation jiossesses solutions satisfying 
the given boundary conditions for only certain 
values of a parameter A, such a value of A 
is an eigenvalue (projier or characteristic 
value) and the corresponding solution is the 
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eigenfunction belonging to A. Thus, given 
the linear operator P, the suliitions u to, the 
equation Vii — A?/ arc eigenfunctions of P be- 
longing to tJic eigenvalue A. Tlie totality of 
eigenfunctions of any lint^ar operator conMi- 
tutc (he complete set, which niay be* luatle 
ortho normal. 

EIGENSTATE. Tf «//(r,/ ) repn'M'nt', the state 
of a physical systnn, ip is an (‘igenstaie of the 
operator A, representing tlie nieasureinent of 
some physical jiroiK‘»ty of the system, if Aip -- 
aip where a is a number. 

EIGENVALUE. (]) See' eigenfunction. (2) 
If A is a scalar ])aranu‘ter, A a sfjuaro matrix 
of onh'r ?/, and E the unit matrix of 1 ]h‘ same 
(timension, tluai K |aE - A] is tlio ohar- 
aclcristic matrix of A. The equation (ht K - 
0 -= A” + UiA” ^ -f * ‘ ■ I o„, \\li(M-e the u, are 
functions of tin* eleiin'iits of A, tli(‘ char- 
acteristic equation of A and its roots are tiie 
eigenvalues or characteristir* roots The trace 
of A is tlie sum of tlu‘ cT'ern allies qVo 
matrico related by a similarily transforma- 
tion ]ia\(' tlu' ^ame eiocnvalnes ancl hcaua* the 
same trace, id) See integral ecjiialion, 

EIGENVECTOR. An eigenfunction, re- 
garded as a vector in an abstract s|)a(‘e, 

LIGHT R\L1j. a sjdi(>i‘ically-shapcd, non- 
direct lonal microphone. 

EIKONAL EQUATION. Tlie lnndmiental 
efiiialioii delerminmg the patli of a ray: 

\VW\^ ---- a’(.rp/,r), 


EINSTEIN DIFFUSION EQUATION. An 

equation for the mean sijuare displacement of 
spherical colloidal particles in a gas or liquid, 
due to Brownian movement. The mean 
square displaeianent from its original position 
after a lime t is 


/rr i * ; 

SwrjrN 


where R is the gas constant, T is the absolute 
temperature, r is the radius of the particle, 
// i^ the Mscosity, N is Avogadro’s niiiiiber. 
This relationsliip is only valid for particles of 
such ''ize that they obey Slokcs’ resistanec 
law. 


EINSTEIN EQUATION FOR HEAT CA- 
PACITY. A quantum relationsliip for tlie 
lu'at capacity at constant voIuiik^ of an eh‘- 
miait of th(' form: 


G. - 


liR 


UT/ - 1)“ 


in wdiicli P, is the heat capacity at constant 
^olum(' for niu‘ gram-aloni of an Jcinent, R ^ 
IS tlie gas constant, h is Planck’s constant, k 
i‘^ the Boltzmann constant, v is tlie character- 
istic frequency of oscillation of tin* atoms of 
the eh'ment, T i^ the alisoliite tinuperaturi', 
and e is (ho natural logaritlimie liasc. 

The Einstein crination was the first a])proxi- 
mation to a quantum theoretical e\])lanation 
of the vanation of spc'cific heat with tempiTa- 
tuie It w\‘is later replaced by the Debve heat 
capacity equation and its modifications. 


wliere ?} is (lie index of refraction for the 
waves and ]V{j\i/,z) a function defining the 
wave fronts of the w^ave. 

EIKONOMETER. A srale. altached to (he 
eyepiece of a microscope, wliich is secai super- 
imposed on the image*, and js used to measure 
tlie dimensions of the* olqi'cls viewed. 

EINSTEIN-BOSE STATISTICS. See Bosc- 
Einstein statistics. 

EINSTEIN COEFFICIENTS. Diseiifiscd im- 
d('r Einstein transition probabilities. 

EINSTEIN-DE HAAS METHOD. A tech- 
nique for measuring the gyromagnetic effect 
by R'versing the inagnetizat ^ n of a freely 
vsuspended specinioii and ob&er’sdng the re- 
sulting rotation. 


EINSTEIN FORMULA FOR MASS-ENERGY 
EQUIVALENCE. The eciuivaUaice of a 
(juantiiy of mass m and a (luantity of energy 
E by the fonnula E — }nc^. (See mass- 
energy equivalence.) 

EINSTEIN LAW OF GRAVITATION. Tlic 
oipiation 7?^,, =- - where is the 

energy luoinentum temsor and i?/,„ = (t,iu — 
1*3 the contracted Riemann-Christoffcl 
tensor, U is tin* curvature. Tn enqity space 
the kuv becomes - 0. (See cosmological 
constant.) 

EINSTEIN LAW OF PHOTOCHEMICAL 
EQUIVALENCE. See Stark-Einstein law. 

EINSTEIN PHOTOELECTRIC EQUA- 
TION. An equation giving the kinetic energy 
of an electron ejected from a system in the 
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photoelectric effect, whore the electron is 
ejected by an incident photon, al)sorbing all 
the energy of the latter. This equation is: 

7 ?^ — hv — 

where is the kinetic energy of tlie ejected 
electron, h is the Planck constant, v is the fre- 
quency associated with the absorbed plioton, 
and <o is the energy necessaiy to remove the 
electron from the system. 

EINSTEIN RELATIONSHIP BETWEEN 
MOBIITTY AND DIFFUSION CONSTANT. 
The mobility /x of charges in a semiconductor, 
or ionic solution related to the diffusion 
coefficient I) by 

M - ii):kT 

wluTC e is the magnitude of the charge, k is 
tlie Boltzmann constant, and T is the absolute 
temi)erature. 

EINSTEIN SHIFT. A shift loN^ard tlie red 
in th(' si)ectral liiu's of Hgld, +his shift result- 
ing ironi a ‘-liglil n'duetion in fic‘(]m‘ncy of 
the light a-, it emerg(‘s from a ^tiong gravita- 
tional li(dd, such its that of a dense star. 

EINSTEIN SPECIFIC HEAT FUNCTION. 

The heat eaiiaeity of an a^scanlilv of A" '-imple 
harmonic osfullator^, all having the same fre- 
quency is gi\(’n 1)3" 

C = Nk{hi^ - 1 )^ 

where h and k an* the Planck and Boltzmann 
constants. Tliis tyfie of function represents 
the eontrihution of the optical modes to the 
specific lu'at of a solid, wdiich is otherwise 
more accural ely gi\en by a Debye function. 

EINSTEIN TRANSITION PROBABILI- 
TIES. In Einstein’s derivation ol the Planck 
equation for black bod 3 '' radiation tlin'c eo- 
eflicients w’crc introduced wdiieh are of im- 
portance in the consideration of sj^eclral in- 
tensities. Assume 1wm quantum state's m and 
n of a system such that the cnergv" level E,„ 
is higher than En\ then transition from the 
upper to the lowTr state is accompanied by 
emission of radiation of frequency 

Efn — En 
Vmn = ; 

h 

Assume further that there are a large number 
of identical systems (atoms or molecules) in 
equilibrium with black body radiation at a 


temperature T. Then the rate at w'hich .S 3 's- 
teras pass spontaneously from state m to n, by 
emission of radiation, is given by 



where is known as Einstdn's covfficienl of 
i^pontoiKouR emission, and is the number of 
syst('ins in state m. But th(* rate at which 
systems can pass from the upper to low'or state 
is also d(‘p('nd(‘n( upon the density of tlie radi- 
ation, p{i^r)in)y SO that there is a second process 
donned 1 ) 3 ’ the relalion, 



where is known as Einstein s rocjficieni of 
tndnrui (mission. 

l<\irtli(‘rni()r(', the system can pass ‘from the 
lower t(; th(' up]j(T slate by absorption of radi- 
ati(»n, and the ra1(' of this roaef ion will be given 
by 



when' Nji - number of systems iu quantum 
stat(' //, anil is known as Einstein's coejfi- 
ct( nl of absorption. 

EINSTEIN UNIFIED FIELD THEORIES. 

xV senes ol att(mj)ts by Ein.-ti'in, betw^een 
l!)31 and IbhS, to obtain a unified theory of 
gravitation and electromagnetism. TliC'^e 
represented his dissati^laetion with the in- 
determinacy ol (luaiitum tlu'ory, and bis 
seaicii for a unifying priiici])le more gciu'ral 
than llio'^e winch he had discoven'd in g('n- 
eral and special relativity thef)iy (sec rela- 
tivity, geneial theory, and relativity, special 
theory). One attempt (Einstein and Alayer, 
1931) was a generalization of Kaluza theory 
based on a live-dimensional tensor calculus 
of fund ions which depended on only four 
dimensions. A later theory (Einstein, Barg- 
maim and Bi'rgmann, I9li) wais based on a 
five-dimensional continuum wdth the hope 
that it w’ould lead to indetenuinacy wdien 
exi)ressed in terms of four dimensions. A 
third theoiy (1948) was based on a complex 
but Hemiitean metric, the real part of W"hich 
described Ihe gi'avitational potentials, the 
imaginary part describing the electromagnetic 
field strc'ngths. Oeneral arguments by .John- 
son (1953) indicate that this theory is in- 
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consistent with tlie laws of Newton and of 
Coulomb, althoupili Einstein believed Umt 
such general arginiientH were not applicable. 

EINSTEIN UNIT. A photochemical unit 
quantity defined under the lieading Stark- 
Einstcin equation. 


EINSTEIN UNIVERSE. Model of the uni- 
verse in wliicli the interval between two events 
is given by 


(h^ = c^dt^ — r‘^{dO^ + sin“ 0d</>“) 



where li is lh(‘ radius of the universe. The 
model may be regardeil as a iour-diiiiensional 
cylindrical surface embefhl(‘d in five-dimen- 
sional space. • 


EINSTEIN VISCOSITY EQUATION (FOR 
SOLS). For a susjK'iision of rigid spheres 


- 1 = 2.r)</) 

Vo 

where is tlie specific viscosity, t/o is the 
viscosity of jnire soI^ent, and </> i^- tl\(‘ volume 
fraction of the disperse ]>hnse, and is ecpial 
to the volume of (he spheres (or paiiioJes), 
divided by the total volume. 

In the derivation the following assumptions 
are made: 

1. The radii of the spheres are large com- 
pared uith tho.se of tlie solvent, but small 
compared with the dinuaisious of the ap- 
paratus. 

2. Tlie distance between the spheres is large 
compared with their ra<lius, i.e., tlie vol- 
uiiK' eonceiitratioii of tlie jiartiele.s is 
small. 

3. Th(* eff('cts of gravitation and inc'rtia 
are negligible. 

EINSTEINIUM. See Element #99. 

ELASTANCE. The reciprocal of capacitance, 
measured in darafs. 

ELASTIC AFTER-EFFECT OR LAG. The 

lime delay which some substance.s exhibit in 
returning to original shape after being stressed 
within their elastic limits. There is some 
evidence that the magnitude of this lime de- 
pends on the homogeneity of «itructurc of the 
substance. For instance, quait i which has a 
homogoni‘ous structure, shows ..dinost no lag. 
(ila.ss, which is a inix^vT'c of aggregates, can 
have a time delay of the order of hours. 


ELASTIC AXIS. See flexure. 

ELASTIC COEFFICIENTS, LATTICE 
THEORY OF. The clastic constants and 
elastic moduli of crystals may be calculated 
on the assumption that the only forces are 
those b(‘tw(‘en near neighbors in the lattice. 
Su(*h a calculation gives reasonable results 
for ionic crystals, hut is quite unsatisfactory 
for metals, where the Cauchy relations are 
not o})(‘yed. Th(‘ free electron gas in a metal 
is not easily compressed but scarcely opposes 
shear. 

ELASTIC COLLISION. See collision, elas- 
tic. 

ELASTIC CONSTANTS (ALSO KNOWN 
AS COMPLIANCE CONSTANTS). The co- 
efticieiits of relations by which the com- 
])()m‘nts of Ihe elastic strain are expressed as 
linear functions of the stress components. In 
general there i\i'0 21 rlifferent coefficients, but 
the number may b(' reduciHl by the crystal 
symmetry of Ihe solid. (See also Voigt nota- 
tion.) 

ELASTIC CURVE. The curvi* of tlu' neu- . 
tral surface of a structural nKunber subjecti’d 
to loads which cause })en(ling is called (ho 
elastic curve. The ordinat(‘S between this 
curve and tlie original position of the neutral 
surface rejiresent tlie deflections due to bend- 
ing, 

ELASTIC HYSTERESIS CONSTANT. The 

ratio of tlu' area (expressed in eiKTav units) 
of tlie stres.s-strain loop, for a unit volume of 
the material, to the sciuarc of the maximal 
strain. 

ELASTIC LIMIT. Tlu* maximum unit stress 
which can be obtained in a structural niatt*rial 
without causing a permanent deformation is 
called the clastic limit. 

ELASTIC MODULI (OR STIFFNESS CON- 
STANTS). The coefficients of the relations 
by which the components of stress are ex- 
pressed as linear functions of the components 
of the elastic strain. The number of these 
(h'pends on the crystal symmetry of the ma- 
terial. (See also Voigt notation.) 

ELASTIC SCATTERING. Sec scattering, 
clastic. 

ELASTICITY. The property whereby a 
body, w’hcn deformed, automatically recovers 
its normal configuration as the deforming 
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forces arc removed. Each of its several types 
is probably due to the action of intermolecular 
forces which arc in equilibrium only for cer- 
tain configurations. 

Deformation or, more briefly, strain is of 
various kinds; in each case its measure is a 
certain abstract ratio. For example, the 
elongation of a rod under tension is expressed 
as the ratio of the increase in length to the 
unstretched length. Linear compression is the 
reverse of elongation. They are both accom- 
panied by a fractional change in diameter, 
the ratio of which to the elongation is called 
the Poisson ratio. Shear is a strain involv- 
ing change of shape, such that an imaginary 
cube traced in the uiisi rained material be- 
comes a rliomljit' prism. The measure of shear 
is the tangent of the angle through which the 
obliciiie cdg(‘s have been made to depart from 
their original perp('ndicular diro(tion. Vol- 
nnie strain is th(' I'atio of a di'crease in volume 
(o the nmiual volume. Flexure or bending, 
and toi’sion or twisting, are (aniibinations of 
these itiori' elennaitary strains. A straight 
rod bent into a jitane curve undergoes elonga- 
tion on the eon\(‘X side and linear compression 
on th(‘ concave sid('^ while there is an inter- 
mediiite nent]<d layer whieli suffers neither. 

For (weiv strain tliero ari'-^*s, m nn edastie 
siilistance, a eorrt'sponding sln'ss, which ro])- 
resdiis the tendency of the substance to re- 
eoxer its normal condition. Stress (•\pIC'^s'd 
in units of force per unit area Teii'-ilo --'tress, 
for example, i-^ the ratio of I lie force of tenriou 
to the normal cross-section of tiu* rod sub- 
jected to it. She’aring sfK'ss is tlu' f(»rce tend- 
ing to ])us]i one layer of the material past the 
adjacent layer, ])('r unit area of the lav(‘rs. 
Pressure, exjirc'ssed in like units, is tlu' stress 
corresponding to volume eompn'ssion, etc. 

For each type of strain and stress there is a 
modulus, which is the ratio of the stress to 
the corresponding strain. In tlic case of 
elongation or linear compresMon, it is com- 
monly called the Young modulus; w^e also 
have the bulk modulus and tlie shear modulus 
or rigidity. 

In engineering design the Young modulus 
is used for tension and compres.sion and the 
rigidity modulus for shear, as in torsion 
springs. (See Hooke law.) 

ELECTRALLOY. An alloy of iron fre- 
quently used for chassis or panels in elec- 
tronic equipment. 


ELECTRET. A permanently-polarized piece 
of dielectric material; the analog of a mag- 
net. Barium titanate ceramics, preferably 
containing a small percentage of lead titanate, 
can be polarized by cooling from a tempera- 
ture above the Curie point in an applied elec- 
tric field. Electrets are also produced by 
solidification of mixtures of certain organic 
waxes in a strong electric field. 

ELECTRIC AND MAGNETIC DOUBLE 
REFRACTION. Jn 1875 Kerr discovered that 
glass and many other isotropic, transparent 
.‘^olids and liciuids exhibit double refraction 
like ciystals, when placed in a strong electric 
field; and in 19(^3 Cotton and Mouton, after 
some j)r(‘liminary results by Kerr and others, 
demonstrated the corresponding phenomenon 
with a magnetic field. Those arc now known 
res])ectively as the Kerr electro-optical effect 
and th(^ Cottou-iMonton effect. In b'oth cases 
the magnitude of the effect, as measured by 
tlie i)has(‘ difference produced per unit thick- 
ness of medium, is, for a given substance, 
w^aveleiigth, anrl temperature, i)roportionHl to 
the s(|u«‘ir(‘ of the field intensity. The optic 
axis of the doubly refracting substance cor- 
resj)oii(ls to tbe direction of the imposed field. 

Of the two phenomena the Kerr effect is 
much moie pronounced and is as yet the only 
one of jiraeiical importance The Kerr cell, 
in wbieli nitrolienzeiu’, a liquid, commonly 
employed })ccause of its large and quick re- 
sponse to tlie el(‘ctric field, has in recent years 
been extensivi'ly u«ed as an electro-optical 
conirol or slnittler for light beams, for exam- 
])le, m the recording of .sound pictures. Re- 
cently, ferrites have been used to rotate the 
plane of polarization of microwaves, in the 
j^resen-^a of a magnetic field. 

ELECTRIC(AL) AXIS. The axis of a crys- 
tal which offers minimum resistance to the 
passage’ of current. 

ELECTRIC(AL) BRIDGE. See bridge, elec- 
trical. 

ELECTRIC(AL) CONDUCTIVITY, THE- 
ORY OF. Sec conductivity, electrical. 

ELECTRIC CONSTANT. (Symbol «« or y^-) 
The electric constant pertinent to any system 
of units i« the scalar dimensional factor co 
appearing in the Coulomb law of force be- 
tween tw’o charges in vacuo: 

F == q\q2/neor^ 
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where n — 1 for unrationalized units, and 
n — 47r for rationalized units. 

In the esu .system, co is as^igriod tlie value 
unity, with no <limen.sions In all systems, 
«„/io where c is the veloeity of li^ht 

in the aj)propriate syst(‘m. Note that c is 
diiTi( 3 nsional. (See magnetic con.slant.) In 
the mksa syslem, to has the dimensions: 
farad/nieter. 

ELECTRIC DECREE. See degree. 

ELECTRIC DEPOSITIOxN. Sec deposition, 
electric. 

ELECTRIC DEPTH FINDER. See sonar. 

ELECTRIC DIPOLE. A ])air of ecpial and 
o[)posite eliJirges usually a small rlistama* 
apart. In elect roningiadics, (hi' t(‘T‘m “dipole’^ 
is oflc'ti ap]>lied to iwo ('({iial and o]>j)osiU‘ 
oscillating charges usually a t-mall distance 
apart: in this st'iisc', it is synoiiyiiious with an 
eU'ctric current element (Si'i' also dipole 
and dipole moment.) 

El.ECTRIC DISPERSION. S( (' dispersion, 
electric. 

ELECTRIC DISPLACEMENT DENSITY. 
See electric flux density. 

ELECTRIC DOUBLE LAYER. See double 
layer, electric. 

ELECTRIC EYE. (1) ('ollo(|uial name for 
lypt' photoelectric or photovoltaic cell. 
(2) C/Olhxjuial name for the enthode ray tun- 
ing indicator used on sonu' radio rc'ceivers. 

ELECTRIC FEEDBACK, In magnetic am- 
plifier t(‘rminoloe,y, feedback through an elee- 
trically conductive network, as (lilYenaitiated 
fi'om feedback iirodueed by currents in wdnd- 
ingwS’ having coupling to the control 'windings 
(magnetic fet'dbaek). 

ELECTRIC FIELD. vSee discussion of elec- 
tromagnetic field. 

ELECTRIC FIELD STRENGTH. Tlie mag- 
nit.ude of the electric field vector. This term 
is sometimes called th(‘ electric fu'ld intensity, 
but siieJi use oi the word intensity is de- 
preeated in favor of field strength, since in- 
tensity connotes power in optics and radiation. 

ELECTRIC FIELD VECI OR. At a point 
in an electric field, ti.** force on a stationary 
positive charge per unio charge. Under condi- 


tion.s in which the ratio of force to charge is 
not constant, the field vector is defined as the 
limit of the ratio as the change approaches 
zero. This may be measured in newtons per 
coulomb, in volts per ineti'r or in correspond- 
ing units in systems other than the mksa 
system. (See Introduction.) This term is 
sometimes called (he ek'etric field intensity, 
but such use of the \vord intensity is depre- 
cated in favor of field strength since inlensity 
eoniiote^ powc'r in o[)tics and radiation. 

ELECTRIC FLUX DENSITY. At a point, 
the vector w4iose magnitude is equal to the 
charge ])('r unit area whieli would appear on 
one face of a thin mi'tal j)late introduced in 
the electric field at the point and so orieriti'd 
thal this eliaree is a maximmn. The vector 
1 -^ normal lo tlie jilale from the negative to 
(h(‘ iio'-itive fai'c. Th(‘ term electric dis])lacc- 
JiK'nl (haisity or (dcclric (lisj)lacement is also 
in use for this lerm. In an isolropic medium 
of permittivity c, the flux (h'usity is D = cE, 
where E is the electric field veetor, 

ELECTRIC (GENERATOR. See alternator; 
and direel-curreiit generator. 

ELECTRK’ IMAGE. See electro.statics. 

ELEC:TRIC(AL) instrument. See in- 

.struinent, electiical. 

ELECTRIC INSULATION. Any dielectric 

is an eh'ctrie insulator, but oxperiem'o has 
ih'monstraled the ^alue of cc'rtain solids, sueh 
a.- glass, ])orc(‘lain, rubber, mica, silk, paraflin, 
etc., for (iractical use. Oil and air also an' 
often used wdu're very high voltages are I'ln- 
pl()>e(l. With soliil insulators, mechanical 
strength is oftcai a consideration; as are also 
incombustibility, flexibility, non-liygroseo[)ic 
ehara(’ter, high surface-resistance, the ability 
to withstand liigh temperatures, the ])ossibil- 
ity of being ma(‘hined or mohh'd, and mod- 
erate eo'^t. Low' dielectric oon.stant w'ould also 
bo desirable in cases where distributed caj^aci- 
tance is to bo minimized. The (irimary re- 
quiremi'nt of an insulator, liowever, concerns 
its insulating stn'ngth, that is, the maxiininn 
voltage per unit thickness which the material 
w'lll sustain without electric breakdown or 
sparkover. (This is (giite apart from its re- 
sistivity.) In reckoning this with alternating 
voltages, the maximum or peak voltage must 
be used, w'hich is V- or 1.41 times the efTec- 
tive voltage at which the service is rated. 
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(Thus the insulation on an 11,000-volt line 
luust be able to sustain 15, GOO volts.) 

ELECTRIC JUNCTION EQUATION. See 
KirchhofF laws. 

ELECTRIC(AL) LENGTH. The physical 
length of a transmission lino or its equivalent, 
corrected for any inhoinogeneities that may 
effect the speed of ])ropagation, and expressed 
in wavelengths, radians, or flegrees. 

ELECTRIC(AL) METHOD FOR LATENT 
HEAT OF FUSION. The substance is first 
cooled below' its freezing ]ioint, and then elec- 
trically heated in a (vacuum) calorimeter. As 
the melting i)oint i*^ reached, heat has to be 
supplied wuthouL a rise m tenq^oratuie taking 
])lace. Once the sul)^taiice has been coin- 
j)let(dy melted, luxating will again take place 
a'' the li(piid phase is wanned above ihe melt- 
ing })oint The energy supplied (luring the 
int('r\al ulu'n Ihc' I (‘m])( I'at ure \\a^ ‘steady i^ 
th(* heal of fusion For an accurate deter- 
mination. knowhclge of th(' ^ixcific luails of 
the solid and iKpiid lorius near ihe m(‘lling 
point is e^siaitial. 

ELECTRIC(\ld MODUIATION. A fac- 
simile term n U rnng to the mo(lulatiou of a 
earner by the sianal current in any form of 
(‘lectiical or eha ironic modulator. 

ELECTRIC MOMENT. Se(‘ eleclrostalics; 
dipole moment. 

ELECTRIC MOTOR. S( e motor, electric. 

ELECTRIC(AL) MUSICAL INSTRU- 
MENTS. Any musical instiunuait winch em- 
ploys electrically or elect romcally opemted 
sound generators or amidifiers These in- 
clude: 

L ^dbraUon j)ickup attached to sounding 
board, ainjilificT and loudspeaker (e.g., 
electric guitar). 

2. Electric pianos in which string vibrations 
are converted to electrical variatiems. 

.3. Ele(‘tric organs cither wdth or without 
direct use of electric oscillations. 

4. Ilamionic vsyntliesizers. 

5. Electric carillons wdth tuned coiled vi- 
brators, raagnetoelectric translators, am- 
plifiers and reproducers, 

ELECTRIC - NETWORK RECIPROCITY 
THEOREM. See reciprocity theorem, elec- 
tric-network. 


ELECTRIC NETWORKS, LAWS OF. See 
Kirchhoff law.s of networks, etc. 

EI.ECTRIC(AL) NOISE. See noise, elec- 
trical. 

ELECTRIC OSCILLATIONS AND ELEC- 
TRIC WAVES. TJic most important early 
researches in this field were carried out by 
Heinrich Hertz, who, about ISHS, discovered 
that when an (dectric discharge takes place 
in a circuit having suit able inductance and 
eai)acitance, the resulting oscillaiions of ihe 
electricity therein give rise to radiation, usu- 
ally some meters in w'avehmgih The exFt- 
enco of the radiation w'as predicted by tlic 
Maxwell equations and w'as proved by its in- 
ducing oscdllations in a similar circuit set up 
at a (lislancc. He found that tl)is Hc'Hzian ra- 
diation can ])e rclhadcvl by nadal surfaces and 
refractc'd by larg(‘ blocks or prisms of diidee- 
trie niMt('iial, jusi as light is reflcaded and r(‘- 
fracted. and that it (‘xhibifs corresponding 
int(Tf(‘i‘en(*e phenomena. The applications of 
IL'rtzian wuivc"- in radio are treated elsewhere. 
Idectric waves may be pro])agated on long 
wir(‘s or through waveguides and coaxial lines, 
somewliat as sound W'aves trav(d through a 
long tube. Bv Miita])ly lia'ininating the line, 
Ihe ua\(‘s may b(' r(‘f]ecU*d and made to form 
inf erfei (‘lice nodes as do ^ound weaves in an 
organ pip(‘ The wav(‘h'ngth may be thus dc- 
t(‘rmin(‘(l by wdiat is knowm as the Lecher 
oscillator method. 

Er.EC:TRIC(AL) POTENTIAT.. See poten- 
tial, electric; and electromotive force. 

ELECTRIC(AL) RESISTIVITY. ( Ompai e 
discussion of eonductix ity, electrical. 

ELECTRIC SCALAR POTENTIAL. See 
wave potentials. 

EI^ECTRIC SHIELDING. See screening. 

ELECTRIC SCREENING. The experiments 
of Faraday nweahHl that any region com- 
pletely enclosed by metal or other good con- 
ductor, however thin, is entirely free from 
electrostatic fic'lds due to anything going on 
outside the enclosure. Conductors are im- 
pend ous to electric fields, becau.se the fn'e 
electrons in the condueting shell surrounding 
(Ik* enehxsure instantly adjust themselves so 
to offset the (‘ffect of any electrostatic force 
tluit would otherwise penetrate the interior. 
Even a cage of fairly coarse screen wire is 
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quite effective. Since electromagnetic radia- 

tion involves electric fields, we have here, an 
explanation of wliy inclals are opacpie to it. 



SliinvinK induction nnd ("cteinal fudd Spuco aS is 
completely shielded. 

The sere(»ninjj; etTeet of eoiuhielniN is utilized 
in many kinds of elect rieal apparatus, as by 
enclosing eleetro.'.copcs and the wires leading 
to them in metal cases or conduits, tlio placing 
of metal covers over nidio tubes, etc. Whole 
buildings are sometimes covtuvd with sheet 
iron to i)revoiit induction sparks due to light- 
' iiing from setting fire to inflammable contents, 
such as gasoline or explosiAvs. (See electro- 
statics; coaxial lines and wave guides.) 

ELECTRIC(AL) TRANSCRIPTION. A 10- 

ineli, n'eording mode, used primarily 

for broadcast iiuqioses. 

ELECTRIC TRANSDUCER. See trans- 
ducer, electric. 

ELECTRIC VECTOR, Sec electric field 
vector. 

ELECTRIC VECTOR POTENTIAL. See 
wave potentials. 

ELECTRIC WAVES. See electric oscilla- 
tions and electric waves. 

ELECTRICITY. The elecdrifieation of amber 
by rubbing with wool or fur w’as observed 
many eenturies ago. Not until the work of 
Volta, late in the ISth century, wuis electricity 
recognized through any but electrostatic phe- 
nomena, and investigations on the properties 
and applications of electric currents were 
among the most brilliant featiircs of 19th cen- 
tury physics. Even in the 1890^s i)hysicists 
were still asking, “What is electricity?^’ It 
had then long been knowm tha an apiu’opriate 
apiilication of energy wdll sepr.iatc electricity 
into two components, designated as positive 
and negative; that bodies charged with these 


components attract each other; and that the 
energy of separation is yielded upon the re- 
union of the tw’o components. It remained 
for J. ,1. Thomson to recognize the electron, 
and for the recent analysis of atomic struc- 
ture to identify the proton. As a physical 
magnitude, methods have been devised for 
measuring quantities of electricity, not only 
in t(‘rms of tlie elementary electronic charge, 
hut in larger units determined by electrostatic, 
(‘h'ct roinagnetic, or electrochemical effects. 
Among the most important aspects of the sub- 
ject are tlie magn('tie j)rop(‘rtios of moving 
(fleet rieity, electromagnetic waves, and the 
ineorporati(ui of both eompoiumts of elec- 
tricity in the structiin* of all atoms and mole- 
cules of matter. (See elcctro<itatics; and Max- 
well equations.) 

ELECTRIFICATION BY INDUCTION. S('e 
induction, electrification by. 

ELECTROACOUSTIC TRANSDUCER. Pee 
transducer, electroacoustic. 

EI.ECTROCAPILLARITY. I he surface ten- 
sion or intcrfacual tension be! ween twc) con- • 
ducting iKiuidh in contact, sucli as meiTuiy 
and a dilute acid, is sensibly altered wflien an 
electric current i)asses aero.ss the iiiterfaee. 
As a result, wluai the (‘ontaet is m a eapilhuy 
tube, the pressure (liffenaua^ on the ()}i]K)sito 
sides of the mcansiais is affected by a current 
traversing the (‘apillary column, to an o.Klent 
dependent U]:)on the dinaflion of the current 
across the hoimdary. This ha^ Ix'eii utilized 
in dilfenmt- forms of capillary electrometer. 



Capillary clertrometer 


In the Dewar type, two small vessels of mer- 
cuiy are joinecl Inflow the mercury levtfl by 
a horizontal capillary tube, the mercury in 
wfliieh is interrupted by a short space filled 
with dilute acid. Upon applying a small po- 
tential difference to the tw^o liodies of mercury, 
the equilibrium is disturbed and the drop of 
acid moves toward the low-potential end until 
the resultant cajnllaiy pressure is balanced 
by the hydrostatic pressure of the mercury. 
Since this effect is approximately proportional 
to the potential difference, the apparatus 
serves as an indicator for potentials of a few 
hundred millivolts. 
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ELECTROCAPILLARY CURVE. The curve 
obtained by plotting the interfacial tension 
of a mercury surface in contact with an 
aqueous solution of an electrolyte as a func- 
tion of the applied potential. 

ELECTROCHEMICAL EQUIVALENT. (1 ) 

The mass of any chemical substance liberated 
by one coulomb of electricity in electrolysis. 
For hydrogen it is 0.00001036 g, and this figure 
multiplied by the gram-equivalent weight of 
any substance will furnish its electroch(‘mical 
equivalent. (2) Of electricity, the faraday. 

ELECTRODE. In an electric circuit, part 
of which is composed of other than the usual 
conductor of coppjT, or other metal, the ter- 
minal connecting the con\entional conductor 
and the condiicling substances is an electrode. 
Example^ of electrodes are to be found in the 
electric battery, where they dip in the elec- 
trolyte; the electric furnace, when* tlu* elec- 
trodes connect the external circuit wntli tlio 
heating arc; and the metallic clcmc'nls in 
thermionic tubes and gas-discharge devices, 
and in semiconductor de vices, wdier(' they per- 
form one or more of the functions of emitting, 
colleeting or controlling by an el(*etric field 
the njo\ernent.s of electrons and ions. 

ELECTRODE, ACCELERATING (OF AN 
EI.ECTRON-BEAM TUBE). An electrode 

the [lotiaitial of wdiieh provides an electric 
field to increase the velocity of the beam- 
electrons. 

ELECTRODE ADMITTANCE (OF THE 
fTH ELECTRODE OF AN n-ELECTRODE 
ELECTRON TUBE). The short-circuit driv- 
ing-point admittance between the ;lh elec- 
trode and the reference point measured di- 
rectly at the jth electrode. To be able to de- 
termine the intrinsic electronic merit of an 
electron tube the driving-point and transfer 
admittances must be defined as if measured 
directly at the electrodes inside the tube. The 
definitions of electrode admittance and elec- 
trode impedance are included for this reason, 

ELECTRODE, ANTIMONY. An electrode 

of metallic antimony that has sufficient anti- 
mony oxide (SboOa) on its surface to function 
as an oxide electrode for the measurement of 

pH. 

ELECTRODE, CALOMEL. A standard 
electrode of mercury, mercurous chloride 
(calomel), and potassium chloride. Its po- 


tential relative to the normal hydrogen elec- 
trode, if a molar potassium chloride solu- 
tion is used, is 0.2800 volt at 25''C. (See also 

electrode, Hildebrand.) 

ELECTRODE CAPACITANCE (OF AN 
n-TERMINAL ELECTRON TUBE. The 

capacitance determined from the short-circuit 
driving-point admittance at that electrode. 

ELECTRODE CHARACTERISTIC. A rela- 
tion, usually shown by a graph, hetw’oen the 
electrode voltage and the current to an elec- 
troile, all oUkt electrode voltages being main- 
tained constant. 

ELECTRODE CONCENTRATION CELL. 
See cell, electrode coneentration. 

t 

ELECTRODE CONDUCTANCE. The real 
f)art of the electrode admittance. 

ELECTRODE, CONTROL. An electrode 

on wdiicli a voltage is im])rcssed to vary the 
current flowing between tw^) or more other 
electrodes. 

ELECTRODE CURRENT. In an electron 
tube, the current passing to or from an elec- 
trode through the intorelectrode space. The 
terms cathode current, grid current, anode 
currenl, plate current, etc., are used to desig- 
nate electrode currents for these specific elec- 
trodes Unless otherwise statefl, an electrode 
current is measured at the available terminal. 

ELECTRODE CURRENT, AVERAGE. The 

value obtained by integrating tlic instanta- 
neous eli’ctrode current ov(t an averaging 
time, and dividing by the averaging time. 

ELECTRODE - CURRENT AVERAGING 
TIME. The time-interval over wdiich the 
curi'cnt is avc'raged in defining the operating 
capabilities of the electrode. 

ELECTRODE CURRENT, INVERSE. The 

current flowing through an electrode in the 
direction opposite to that for which tlie tube 
i.s designed. 

ELECTRODE CURRENT, PEAK. The 

maxiniinn instantaneous current that flows 
through an electrode. 

ELECTRODE DARK CURRENT. In a 

pholotuhe, the electrode current that flows 
when there is no radiant flux incident on the 
photocathode. Since dark current may change 



280 


Electrode Eq uivalent Dark-current Input — 

considerably with tcmi)oraiurc, temperature 
should be si)ccified. 

ELECTRODE EQUIVALENT DARK-CUR- 
RENT INPUT. Thu iiK*i(l(‘rit luminous flux 
that would be required to ^ive an outjnit cur- 
rent equal lo tlio elechode dark current. 
Since dark currcuit may change considerably 
witb temperature, ieiuperatiire should b(' 
specified. 

PXECTRODE, DECEI.ERATINC. In an 
electron-beam tube, an elecirode tlu‘ poleniial 
of which p]-o\i(les .an (‘leetric field to decrea^^e 
the velocity of tlu‘ beam electrons. 

ELECTRODE, DEFLECTING. An elec- 
trode the ]>otentia] of wliicli j^rovidcs an (‘lec- 
tric field to profluec dcdleclinn of a beam of 
electrons or other charged ])arlicles. 

ELECTRODE DISSIPATION. The powir 
dissipatcal in the form of li(‘at by an elec- 
tro<ic as a result of (‘h'ctrou and/or ion boin- 
barduuml. 

ELECTRODE, DROPPING. An electrode 

consisting of a sttaidy flow of droplets of mer- 
cujy" into tlie electrolyte of a cell. 

ELECTRODE, GAS. An electi-ode thai con- 
tains a gas by adsorption, absorption, or otlu'r 
means which j)res(‘nis a gas('ous surface to a 
solution in conlact with tlie electrode. 

ELECTRODE, GLASS. A thin-walled glass 
membrane, sc])arating a solution of kiunvn 
pH from anolher solution whoso ])I[ is to be 
(lelermined. A standard eh'ctrode dips into 
each of these iw'o solutions. From ilie total 
electromotive force of Ihe cu]\ and the |>TI 
of the standanl solution, the ])I1 of tlu* un- 
known may be calculated. 

ELECTRODE, HILDEBRAND. Two elec- 
trodes bear the name of Hildebrand. (1) A 
modified calomel electrode (sea' electrode, 
calomel). (2) A ])]alinuin eh'clrodc in an 
ap])aratus eontaiiiing hydrogen and used as 
a hydrogen electrode. (Sei' electrode, hydro- 
gt>n.) 

ELECTRODE, HYDROGEN. (1) An elcc- 
trode in which hydrogen gas at atmospherie 
]>ressure bubbles past a platiaiim-black elec- 
trode uminiained in contact v'i.a an acid solu- 
tion. (2) More geiiern'Hy. any electrode which 
can be used in the measurement of hydrogen 


Electrode Potential, Standard 


ion conc'cntration, such as the quinliydronc 
electrode, the glass electrode, and many others. 

ELECTRODE IMPEDANCE. The recip- 
rocal of the electrode admittance. 

ELECTRODE, INTENSIFIER. A post-ac- 
cekTaling el('ctrode. (Sec cathode-ray tube, 
after-acceleration. ) 

ELECTRODE, NORMAL CALOMEL. An 
electrode of mercuiy in contact with a normal 
solution t>f potassium cldoride saturated with 
calomel. 

ELECTRODE, NULL. An electrode having 
a thermodynamic potential of zero; i.e., an 
electrode in which there is actually no differ- 
('iico of ])nl(mlial betwf'cn the juetal and tlu' 
ionic solution. Jt is belicvcHl, however, that 
no siicli ( lectrodes have b(‘en prepared. Elcc- 
lr()(l(\s ai(‘ known whereby, due to relative 
motion, it is })o<^il)l(' 1o obtain an clecln)- 
kineti(‘ ]>()t('ntial v)f zeu'o, ])ut it iloes not follow 
tliat th(‘ir n'versilile ])otonlial is z(U‘o. 

ELECTRODE OF THE SECOND ORDER. 
An electrode of melal in contact with one of 
it'^ difficultly soluble salts in the presence of 
a 'solution of a s.mU wliich has the same anion 
as the l('ss .soluble salt. g., 

Kl(M*tr()des of this type an' not (‘ssiuitially 
<lirf(‘r('iit from an ordinary elect roile in con- 
tact with a solution of one of it^ salt^. 

ELECI RODE, OXIDATION-REDUCTION. 

An inert (e.g., platinum) electrode in a mix- 
ture of oxidized and rednci'd ions, such as 
ferric- f(Trous, stannic-stannous, quinone-hy- 
droiiuinonc. 

ELECTRODE POTENTIAL. The potential 

of a metal in equilibrium with a solution of 
its ions. The establishment of electrode po- 
tential is regarded as the resultant of the rates 
of two firocesses, jiassage of ions from the 
electrode into solution, and discharge of ions 
from solution upon the electrode. Thus, the 
potential of an electrode is the component of 
cell potential (sec cell, electric) associated 
with the reaction at one electrode. 

ELECTRODE POTENTIAL, STANDARD. 

The potential of a given electrode relative to 
the hydrogen electrode when all the elements 
in both electrodes are in their standard states. 
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ELECTRODE, QUINHYDRONE. An elec- 
trode of quinhydrone, which accepts proton*^ 
(hy(lrof2;cn ions) to yield liydroquinono, and 
donates protons to yield p-benzoqiiirione, and 
has, therefore, a definite relation between iU 
potential and the pH of the solution. Its 
values have been recorded at definite tern- 
peralures, and it is used as a standard elec- 
trode in pH incasureinenl. 

ELECTRODE RESISTANCE. The recijiio- 
cal of the electrode conductance. This is the 
effective parallel resistance and is not the real 
component of the electrode iini^edance. 

ELECTRODE, REVERSIBLE. An electrode 
used in a re\ersib]e electroelieniical n'actioii. 
Tliere aie tlirct* tvjics of rever‘>il)le elei Irodes 
used in reversible cc'lls. The lii>t tyjie con- 
sists of a metal ^hich is in contact vith a 
solution rontainini!, its ions 'riu* '■(‘coial type 
consists of a iiutal and one of its insolubh' 
salts 111 contact with a solution containing a 
soluble ‘^alL with tli(' same eriion This tyfie 
of ('](*ci 1 ()(!(' Is r(‘\a‘i '-iblo with respect to the 
anion^ The tliiid t\pe ot electiod(‘ is a met.il 
which is rt'sisfaiit to ai ids and bases, in con- 
tact with M solution w'hich contains ions in 
tw'o valeiic(‘ stall's Oxidation or ri'dm'tioii is 
Die reversible ri'action wdiich ('ccurs at this 
type of eli'ctrode 

EI.ECTRODE, SELF. In emi-iun spectro - 
co}»y, an electrode coin])osed of the mateiiil 
lu'iiig amdy/aal 

ELECTRODE, SIGNAL. In a camera tube, 
an electrode fiom wdiich the signal output is 
obtained. 

ELECTRODE(S), SLIDING. An ariange- 
ment wdiereby (‘lectrodes enclosed within a 
glass vessel may have scv(*ral different con- 
figurations. For example, a movable system 
may be mounted in such a way that it can 
slide along a wire or glass-i'od framework into 
different positions. 

ELECTRODE, SUrPORTING. In emission 
spectroscopy, an ciccti-ode, other than a self- 
electrodc, on or in w^hich the sample is sup- 
ported. 

ELECTRODE VOLTAGE. The voltage be- 
tween an electrode and the cathode or a speci- 
fied point of a filamentary cathode. The 
terms grid voltage, anode voltage, plate volt- 
ages, etc., are used to designate the voltage 


betw’eeii these specific electrodes and the 
cathode. Unless otlierwise stated, electrode 
voltage^ aie unilerstood to be measured at 
the available terminals. 

ELECTRODELESS DISCHARGE. A dis- 

cliarge in a gas tulx' ])r()du(*ed not by jioten- 
tia]< between it-^ electrodes, but by tli(' place- 
ment of the Tube in intense high-frequency 
I'lectromagiutic In'lds. Thus the gas is not 
‘-uf)j('ct to contamination or ollu'r change by 
(he pres(‘ii(‘e of electiodcs This device is 
iKqiK'ntlv usf'd in the study of the spectra of 
gas(‘s and vapors. (See aKo gas-discharge 
tube.) 

ELECTRODIALYSIS. The removal of dec- 
trolyles Inun a colloidal solution by a com- 
bination of electrolysis and dialysis. Usually 
the colloidal •-olution is placed in a vessel with 
two flialwing meiubraiKs with pure water in 
compai tnu'ufs on th(' ollici side of the mem- 
branes Two elect rod('s are inserted in the 
])ure water coinpaitinorits and an apjdied einf 
cause's the ions to ungrate from the colloidal 
solution 

ELFCTRODYNAMIC VOLTMETER. See 
electrodynamometer. 

ELECTRODYNAMIC WATTMETER. See 
wattmeter, eleclrodynamic. 

FLECTRODYNAMOMETER. A meter hav- 
ing both a fixed coil and a movable coil, wdiose 
dilledion d( pc'iids on the interaction of the 
magnetic fields piodiu'c'd by the ('iirrents of 
the two coils Th(‘ coils may be either in 
senes or m jiaralh'l to vield a square-law 
meter for incasuiemeiit of voltage or current 
Such a meter can be calibrated on d-c and 
used tor a-c measun'ments By connecting 
one coil across a load, and the other in series 
wuth the loMfl, the electrodynamometer be- 
comes a wattmeter. 

ELECTROENDOSMOSIS. Electrophoresis 

m which the solid is stationary and the w’atcr 
phase is displaced and migrates tow^ard the 
electrode. 

ELECTROFORMING. Tlu electrolytic dep- 
osition of metal upon a conducting mold, to 
make a desired metal object, such as precision 
tubing or medals. The mold is often of graph- 
ite-coated w^ax, so that it can be removed by 
melting. (See electroplating.) 
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ELECTROKINETIC EFFECTS. Move- 
ments of particles under the influence of an 
aj^plied electric field. 

ELECTROKINETIC (ZETA) POTENTIAL. 

The difference in jiotential between the im- 
movable liquid layer attached to the surface 
of a solid phase and the movable part of the 
diffuse layer in the bndy of tin* liquid. 

ELECTROLYSIS. The process of decompos- 
ing a chemical compound by passing a cur- 
rent of electricity through it either in its nat- 
ural form, or in solution, or in molten form. 

ELECTROLYSIS, FARADAY LAWS OF. 
See Faraday laws of electrolysis. 

ELECTROLYTE. (1) Any substance whose 
solutions have the property of conducting the 
electric current. All soluble acids, bases, and 
salts are (‘Icctrolytes. { 2 ) A solution whicli 
conducts the (‘lectric current. 

ELECTROLYTE(S), ANOMALY OF 
STRONG. The Arrhcniu.s theory of ioniza- 
tion is (piite satisfactory" for predicting the 
properties of dilute solutions of strong elee- 
trolyles, but it fails for their coneentrated 
solutions. The Debyc-Hiickel theory re- 
i^olves this difficulty by recognizing that strong 
electrolytes are nearly completely ionized in 
water solution, and that there are practically 
no unioniz(’d molecules [iresent. Inslead, it is 
eonsiflered that the free ions become hound 
by acquiring an ionic atniospliere which re- 
duces their mobility. 

ELECTROLYTE, COLLOIDAL. A com- 
jiound having a long hydrocarbon chain ter- 
minating in a groii]) that can ionize. Colloidal 
electrolytes resemble noneleetrolyies in some 
of their properties and electrolytes in others. 
Thus, the alkaline salts of the fatty acids, for 
exnm])le, have the osmotic ])ropertics of a non- 
electrolyte, but they show a marked electrical 
conductance and other properties of weak 
electrolytes. 

ELECTROLYTE, CONDUCTANCE OF. 
See conductance of electrolyte. 

ELECTROLYTE, MEAN ACTIVITY OF. 
See mean activity of an electrolyte. 

ELECTROLYTE, STRONG. of a group 
of substances, coinpricmg strong acids, strong 
bases and many salts, c haracterized by hav- 
ing an equivalent conductance (see conduct- 


ance, equivalent) which drops rapidly as the 
concentration is increased. 

ELECTROLYTE, WEAK. One of a group 
of substances, mainly organic acids and bases, 
cliaracterizcd by e<iuivalent conductances (see 
conductance, equivalent) that drop slowly 
as the concentration is increased. 

ELECTROLYTES, THEORY OF. The fun- 

damental idea underlying the modem view 
of electrolyte behavior, as formulated by 
Debye and Iliickel, is Uiat as a consequence 
of electrical attract ions between positive and 
negative ions there are, on the Average, more 
ions of unlike than of like sign in the neigh- 
borhood of any ion. Every ion may, there- 
fore, l)C regarded as being surrounded by an 
ionic atmosphere of oppo.uie charge. As long 
as the system is “stalionaiy,^’ that is to say, 
it is not exj)Osed to an applied electric field 
or to a shearing force whieli tends to cause the 
liquid to flow, the ionic atmosiihere has cen- 
tral symmetry. Wlien a current is passed 
through the solution, however, so that the ions 
of a particular sign move, say, to tin* right, 
then each ion during its motion will con'>tantly 
have to build up its ionic atmosphere to the 
right, wher(‘as tlu‘ charge density to the loft 
will die out. If this formation and dcslnic- 
tion of the ionic atmosphere occurred instan- 
taneously, there would bt‘ no net force of at- 
traction on tlic moving ion, but in effect there 
is a definite time of relaxation during which 
the atmosphere to the right is building up to 
its equilibrium value and that to the left is 
decaying. Since the charge of the ionic at- 
mosphere is o])positc to that of the moving 
ion, tlu‘re will be an excess of ions of opposite 
sign to the left and those will retard the mo- 
tion. The influence on the velocity of the 
ion is known as tlie relaxation effect, or some- 
times as the asymmetry effect, because it 
arises from the lack of symmetry in the elec- 
trical atmosphere of a moving ion. In addi- 
tion to the foregoing, another factor will help 
to opjiosc the motion of the ions: this is the 
tendency of the applied emf to move the ionic 
atmosphere, with its associated molecules of 
solvent, in a direction opposite to that in 
which the ion, accompanied by solvent mole- 
cules is itself moving. The additional re- 
tardation arising in this manner is called the 
electrophoretic effect, since it is analogous to 
that opposing the movement of a colloidal 
particle in an electric field. Finally, the mi- 
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gration of the ion is opposed by the normal 
frictional resistance of the medium; this is 
determined by Stokeses law, and depends on 
the speed of the ion, its radius and the viscos- 
ity of the medium. When the ion moves with 
steady velocity the three retarding forces are 
just balanced by the electrical force due to 
the applied emf. At infinile dilution the 
asymmetry and electrophoretic effects are 
virtually zero, and the speeds of the ions, and 
hence the equivalent conductance, are deter- 
mined only by the frictional force of the 
medium. The difference between the equiva- 
lent conductance at infinite dilution and at an 
apiirecialile concentration is, therefore, a di- 
rect consequence of the two electrical forces, 
assuming the viscosity of the solution to be 
little different from that at infinite dilution, 
i e., that of the solvent ((llasstone, Textbook 
of Phys}col Cherm,stry, 2d ed , Van No^trand 
(1046), q V. for furtlier treatment ) 

ELECTROLYTIC CAPACITOR. See ca- 
pacitor, electrolytic. 

ELECTROLYTIC CONDUCTOR. Electro- 
lytes, eonductors in which the passage of (»lec- 
tricity is accompanied by tlie transfer of mat- 
ter, as distmaui>hed from electionic conduc- 
tors, such as metals 

ELECTROLYTIC DISSOCIATION, AR- 
RHENIUS THEORY OF. See Arrhenius 
theory of electrolytic dissociation. 

ELECTROLYTIC POLARIZATION. Sei* 
polarization, electrolytic. 

ELECTROLYTIC POLISHING. The ]noc- 
ess of producing a smooth lustrous surface on 
a metal by making it the anode in an electro- 
lytic solution and preferentially dissolving 
the protuberances. 

ELECTROLYTIC RECTIFIER. An electro- 
lytic sy.stcm which converts alternating cur- 
rent to direct current It consi'^ts essentially 
of a combination of two electrodes and an 
electrolyte which produces a polarizing film 
on one of the electrodes that practically bars 
the flow of current into it from the solution, 
while freely permitting flow in the opposite 
direction. Groups of these cells may be ar- 
ranged to utilize both halves of the alternat- 
ing-current cycle. 


ELECTROLYTIC SOLUTION PRESSURE. 

The tendency of a metal or other substapee 
to dissolve in solution with the formation of 
ions: a now obsolete concept used by Nemst 
to explain electrode potentials. The estab- 
lishment of electrode potential is now regarded 
as the resultant of the rates of the two proc- 
esses, passage* of ions from the electrode into 
solution, and di'^charge of ions from solution 
upon the electrode. 

ELECTROMAGNET. A magnet whose field 
IS produced by an electric current, and which 
is largely demagiiclizcd upon ce*-sation of the 
current, is an electromairnct In order to ob- 
tain th(‘ stronae^t fit'lfl po'-sihle, highly per- 
meable soft iron or *-tecl i^ employed for the 
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core of elecdiomagnets In an electromagnet 
the ('ll! rent fiow^> through a solenoid, which is 
a conductor wound m the form of a helix, and 
winch pi’oduces a ‘strong magnetic field coaxial 
with the helix. The core is placed inside the 
helix in ord('r to give a magnetic path of the 
least reluctance EleetrornagneN are found 
in a nimiher of different forms, such as the 
plain --ilenoid wilh cylindrical con*, or the 
horseshoe eleetromagnel . much used in elec- 
tric hells, telegraph instruments, and telo- 
Iihones Very pow’erful electromagnets are 
often used to move masses of iron, such as 
scrap iron, and have the advantage that the 
loading or unloading of the crane to w'hich 
the magnet is attached is simply a matter of 
applying or disconnecting tin* electric current. 
For practical approximate calculations, w’c 
ignore the fringing of the field at the air gap, 
and compute the flux hv the Bosanquet law 
(analogous to the Ohm law). 

magnetomotive force 

Flux = ; ; 0 = SF/(R. 

reluctance 
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Ignoring frequency, the nOuctance of an air gap 
of length I and cross-scolioual area A is 


I 



while that of the eoj*e of length L is 

L 



making the tohil: (H — 4 . Th(‘ mag- 

iietoniolive force, in rationalized units, is fT = 
NI. Losing iiiksa units, / is in inel(‘rs, A in 
scjuare nutters, 7 in aniper(\s, iT in anipen‘- 
turns, and the Hiix (0j in ^^(‘l)ers. 

ELECTROMAGNETIC CONSTANT. I lu 

s])e(‘d of {)rof)aga< ion (d‘ (‘k'cli-oniagntdic vvaVes 
such as light, in a vaciumi, coininofily (Uaioted 
by r, a])i)eiirs so l’r(‘ciuently in physical for- 
mulae that it has Ix^eome one of llie most im- 
portant of all jiliysical constants. This is 
es])ecially ivur since* the advent of multitudes 
of formulae of relativity involving this factor. 
The preeis(‘ (l(‘l<Tmination of its value lias 
jiisfjy, liii'refore, engag('d the att^aition of the 
ablest ('xperimenters. A long hi-tory of dina*t 
JiK'asiirenK'nts culminated in the na'lliod which 
was p(‘rf(‘clc(l and refined liy Michclson and 
otliers ]\ri(*lu'l 'On’s final value { IDHO) was 
209,772 kilom('l(‘rs y)er si'c. The most j)rol)- 
ahle value, as of 1911, is giv(‘u liy Birg<‘ as 
299, 770 kilometers pc'r see Postwar e\p(‘ri- 
nients using micnAsave^ and otlu'r t(‘chni(|nes 
indicate that 299,79;) kilonu'ters per s(‘c is 
a better value. 

ELECTROMAGNETIC DEFLECTION 

COIL. The eoil used to prorluee elect romag- 
netie di'flection. In cathodc-ray tubes the 
assembly containing one or more of these 
coils is calk'd the yoke. 

ELECTROMAGNETIC FIELD. It i s com- 
monly stated that a wdre carrying an electric 
current is surrounded by a magnetic tick! 
whose lines of foice arc circles wdtli the Avire 
as their axis. This statement implies that 
the magnetic fii'kl is directly traceable to the 
moving (‘leciricity in the wire. There is, liow^- 
ever, anoUa'r aspe(‘t of llu* mailer. Each 
electric ])article i)roj(‘cts into space a field 
of electric force, and as the oarticles move 
along tlic ware the lines of A.ee move Aviih 
them. According to tlu* th.eory of Maxwell, it 
is the motion of these lines of electric force 


that sets up the magnetic field transverse to 
them. More generally, a variable electric 
field is alw’ays accompaiiied by a magnetic 
field; and conversely, a variable magnetic 
field, is accompanied by an electric field. The 
joint interplay of electric and magnetic forces 
here described is vvliat is called an electromag- 
netic field, and is considered as having its own 
ohjoclive existence in space ai)aH from any 
electric charges or magnets with wdiich it may 
be associated. An essential feature of the 
theory is that this process, whatever it is, 
r(‘pre.sents a flow of energy at right angles to 
both electric and magnetic core.pononts wlien 
tlie fi(‘kls vary with tiuK'. Tlie flux density of 
this energy (corresponding to the intensity of 
radiation) is r('j)resente(l l)y Avhat is knoAvn as 
(he Poynting vector. Electromagnetic radia- 
tion is, on this theory, tlu' ]iro]iagation of elec- 
tric and inagiu'tic stresses through siiace with 
the sjieed of light, soinow4at as the much 
slow'cr waves of clastic stn'ss are pro]iagate(l 
through steel. The* conditions in an electro- 
magnetic field are e\])resscd math(Miia1ically 
by tlu* well-knowui Maxwell equations. When 
an eka‘tri<* chaige is set in4j motion, it builds 
about itself an electromagnetic field, and ibis 
iinjilics a (li*-! ribution of (mergy througliout 
s])ace. The densitv of this energy at any 
point of tlu' Ik'kl is projAortional to the ])rod- 
uct of the ('lectric and magnetic vector com- 
ponents and the sine of the angle betwanm 
them (vector pnxiuct). The total field eiu'rgy 
can bt‘ obtained by vuitabk* intoGrration, and 
\> greater than that of the ])urely electric field 
of a stationaiw" charge The Maxwadl tlioory 
treats tlii?, excess kiru'tie eru'rgy, thus en- 
dowing the moving charge with an ‘Electro- 
magnetic inass’^ and an “electromagnetic mo- 
mentum” inherent in its electrical character. 

ELECTROMAGNETIC INDUCTION. 

Probably the most notewa)rthy of ti\e many 
scientific contributions of the renowuied Mi- 
chael Faraday w’as his discovery in 1cS31 of 
electromagnetic for more logically, magneto- 
electric) induction. As (‘xhibiiod in the usual 
experimental arrangejuerits, this ]ihcnomcnon 
is the setting up, in a circuit, of an electro- 
motive force by reason of the variation of the 
magnetic tlux linked with the circuit; the mag- 
nitude of that electromotive force being, as 
Faraday found, proportional to the rate at 
which the flux through the circuit, or the 
“linkage,” varies. If the flux linkage with 
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tlic circuit, in weber-turas is expressed by A"</> 
(the actual flux, times the number of turns, 
.Y), the electromotive force generated by its 
variation, in volts, is: 

cl<t) 

E = N 

di 

The electromotive force is positive (counter- 
clockwise) ulicn d<f>/(if IS positi\e, that is, 
when the flux is increasing, negati\e w^hen it 
Is decreasing; as \iewed by one looking in th(' 
direction of the magnetic induction. More 
generally, the electromotive force ahvays has 
'^uch a direction tliat any current set up by it 
opposes the change m flux, in accordance wuth 
the T.cnz law\ 

Another a«]>cct of tlio matter is that if a 
coiuluctor moves tliioiigh a magnetic field, or 
if a magnetic field swe(‘j')^ over a conductor, 
in sii(‘ji a way that tlie conductor cuts across 
the hues of force, th(' (‘le( tiieiry in th(‘ con- 
ductor exp( neiua's loicc's at light angles to 
tlu field and to the (lelative) motion Afon* 



Wiif Tf muviTig to 11i( l(fl dll uimud in ig- 

IK tic ti( Id lids indu< ( il in i1 lu (inf iwd\ tiein tin 
ol )S( r\ « r 

general slill is the Ala\w(‘ll cone \A tliat wlnn 
magnetic lnu‘S of ioree moNO '-nh'w ise, then 
movement lesiilts m an eh'ctrie fitdd at right 
angles to llie magnet le lines and to their mo- 
tion (See electromagnetic field.) 

ELECTROMAGNETIC LOUDSPEAKER. 
See loudspeaker, electromagnetie. 

ELECTROMAGNETIC MASS. See electro- 
magnetic field. 

ELECTROMAGNETIC MICROPHONE. 
Sec microphone, variable-reluctance. 

ELECTROMAGNETIC RADIATION. Sec 
radiation; Maxwell laws; y-rays, x-rays; ultra- 
violet radiation; light; infrared radiation; mi- 
crowaves; radio waves; electromagnetic field. 

ELECTROMAGNETIC REPULSION. The 

force of repulsion lie tween two circuits wdien 
a current is supplied to one, arul t hence in- 
duces a current in the other. 


ELECTROMAGNETIC THEORY OF DI- 
ELECTRIC REFLECTION AND REFRAC- 
TION. Light being an electromagnetic wave, 
the application of pro]KT boundary conditions 
to the Maxwell equations giv(' the laws of 
reflection and refraction. The principal 
honndary condition Hi>plical)le is that at a 
lioundaiy, the eompoiients paralh'l to the sur- 
tace of both the electric and the magnetic 
fields inn^t ha\e no discontinuity at that 
hoiindarv. 

ELECTROMAGNETIC THEORY OF 
LIGHT. Light con'-ist> of Mhrating electric 
and magnetic Indds jx rpcMidiciiIar to each 
uther ‘ind to the diu'ction of traved of the 
w’ave (Sei' Uoiiert'-on, Introduriion to Optics, 
Ulf Edilion ) 

ELECTROMAGNETIC UNITS. See EMU 
system of units. 

ELECTROMAGNETIC WAVE. A wave 
chaiacten7(‘d by vaiiations of electric and 
imigiudic tields i^fli'ctromagnetic vvavc‘^ are 
known as ladio wa\(‘s, lugit lay^, light ray^, 
( tc , (hgHiiding on the irc(iuency. 

ELECTROMACNETIC WAVE, SINU- 
SOIDAL. In a homoeciK'ous medium an elec- 
tromagnetic wave wliosc' electric field strength 
Is j>roj)ortjonal to tli(‘ sjiu^ (oi (‘osine) oi an 
angle that is a Iuumi lunction ot tim(‘, of 
disjanc(‘, or of both 

ELhX^TROMAGNETISM. The pioniaT dis- 
co\ei\ ol th(' inagiKtic (fleet ot tlie electric 
current was made 1)\ Odsf^^l at Copenhagen 
in lcS20. In (‘\]^enmentmg wilh batti^ry ciir- 
K'lit^, he hai)peii(*d to hi mg a compass needle 
near a wiie in which ihcrc was an electric 
(uiiiifl, and noted thal the needle was de- 
flected Such a wire is N\iiiH)und(‘d hy a mag- 
netic I'u Id Ihat, to one looking along (he 
wir(‘ in tlu‘ (hna’lion fioni the positive to the 
iiegaii\(‘ hattery-ternunal (the so-called “di- 
reclion ol the cuirent”), the direction of the 
field, as indicati'd by the north jiole of the 
compass needle, is cloekw-isi* f Ampere rule). 

If the wire carrying tlu* <airrent is placed 
in a magnetic field [lerjiondicular lo its direc- 
tion, this field leads w ith tliat due to the cur- 
rent in ^iich a w'My as to give the wire a lateral 
thrust, fierpendicular to both the wire and ttie 
field in which it is placed For a wure of 
length I carrying current T and placed across 
flux of density /?, this lateral force is given 
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by the equation / = BIJ\ wliich follows from 
the definition of the ampere. An eleetpe 
motor may be driven by forces thus produced. 

If the wire is bent into a circMilar loop of 
radius r, still carrying current 7, there is pro- 
duced at ils center, j)orpendicular to the {dane 
of the loop, a magnetic field of intensity 11 = 
J/2r. This, and the statement in the preced- 
ing paragraph, may be shown to be interde- 
pendent. If more loops are added, forming 
a coil of n ecpial turns close togetlier, the re- 
sulting field i.'^ n times as great. By winding 
the n turns along a eylinder, forming a ‘^helix’^ 
of radius r and axial length a, one obtains 
something greatly resembling a bar magnet, 
the ends of the helix corresponding to the 
poles. The field intensity at the center of j.he 
axis of this helix is 


Ho 


nl 


The above expressions are all appropriate in 
the rationalized mksa system; thc'y may lie 
converted to forms npiirojiriate to other sys- 
tems with the lielp of Tatile 8 of the Introduc- 
tion. If we now insert an iron core, we liav(* 
an electromagnet, and the helix supidies the 
magnetojiiotive force* nl for a magnetic cir- 
cuit composed partly of iron and partly of 
air. jMore general calculations of el(‘elromag- 
netie effects are based upon (he Ampere law., 
the Biot-Savart law, and the Maxwell equa- 
tions. 


ELECTROMAGNETISM, ENERGY THE- 
OREMS OF. Sec Poynting theorem. 

ELECTROMECHANICAI. TRANSDUCER. 
See transducer, electromechanical. 


discharging body; ionization currents are 
often thus measured. 

The quadrant electrometer has a thin, ob- 
long, metal })late suspended horizontally in 
the interior of a flat, circular metal box cut 
into four quadrants. One pair of opposite 
quadrants and the suspended strip are con- 
nected to the source of potential, the other 




Fig 1 (>iinflrants and strip of (piadnint (‘loctrometer 
Fig 2. C^nailz fibiT elocliornotor 


I)air of (luadrants is grounded. This causes 
the strip to turn toward the grounded jiair 
against the toi^ion of tlie suspending wire. 
Several electrometers have been designed, de- 
ixmding uiion tin* lateral dellection of a lightly 
stretclied, silvered or platinized quartz fiber 
in an electric field; th(\v are called string elec- 
liometc'rs. The Wulf electrometer employs 
Iw’o such fibers side by .side; on being charged, 
they bulge apart The displacement of the 
fiber.s is observed in a micrometer microscope. 
Some of the s])ecial electrometers used for 
work with cosmic rays are of this type. 

in modern work, vacuum tube electrom- 
et(Ts, w'liich are specially designed amplifiers 
witli high input impedance, have replaced 
quadrant and string elcctiometers to a large 
extent. 


ELEGTROMETER. An instrument for meas- 
uring electric charge, usually by mechanical 
forces exerted on a charged electrode in an 
electric field. It consists, therefore, of a sensi- 
tive voltmeter operating on the principh'S of 
electrostatic attraction and repulsion. Thus, 
if the movement of the gold-leaf in an electro- 
scope is observed through a microscope wdiose 
ocular is provided with a calibrated scale, the 
instrument becomes an electrometer, capable 
of measuring potential differences in milli- 
\olt8. (Some forms of electrostatic voltmeter 
operate on the same principle.) If the ca- 
pacitance of the charged system is known, the 
rate of movement of the electrometer index 
may be used to measur<' the current from the 


ELEGTROMETER, GONNEGTION OF. A 
(luadrant electrometer may be used in either 
of two wuiys: (1) in the heterostatic connec- 
tion, wdth a high voltage needle and the ob- 
served voltage across the quadrant-pairs, or 
(2) in the idiostatic connection, with the 
needle connected to one quadrant-pair. The 
latter connection is less sensitive, but may 
be used for a-c measurements since it has a 
square-law response. 

ELEGTROMETER, HOFFMAN. A modi- 
fication of a quadrant electrometer, using 
binants instead of quadrants. The needle 
is mounted asymmetrically in an almost un- 
stable position, yielding high sensitivity. 
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ELECTROMETER, IONIZATION. An elec- 
trometer which records the ionization pro- 
duced by radioactivity in the neighborhood 
of an ionization chamber. 

ELECTROMETER, KELVIN. An attracted- 
disc voltmeter (for very high voltages) with 
a guard-ring around the movable plate to 
avoid field-fringing effects. 

ELECTROMETER, LINDEMANN. A very 
small, portable, quadrant electrometer, de- 
signed to be insensitive to changes in level. 
The needle deflection is observed through a 
inicroscope. 

ELECTROMETER, QUADRANT. Dis- 
cussed under electrometer. 

ELECTROMETER, STRING. An electrom- 
eter in which a veiy fine conducting fiber is 
h(‘ld under slight tension between two op- 
positely-charged ])]ates, and is viewerl through 
a microscojie provided ^\ith an etched scale 
in its eyeinece The charging of Ihe fiber 
causes it to shift toward ilie plaU* of opposite 
sign. 

ELECTROMETER TUBE. A sp( cially-de- 
signed, ihermionic vacuum tube for inc'nsur- 
ing exceedingly small currents. 

ELECTROMETER, VACUUM TUBE. An 

cleclrouK'ter in which the ionization currein 
in an ionization chamber passes through a 
higli resistance (of oid(‘r ohms or higher). 
Tlie voltage drop across tlu' resistance is then 
amplified by a special vacuum tube. 

ELECTROMETER, VIBRATING REED. 
An electrometer using a vibrating condens(»r 
to measure a small charge. Tliis term is often 
applied to denote the coinhination of an ion- 
ization chamber and a vibrating reed elec- 
trometer. 

ELECTROMETER, WULF. Discussed un- 
der electrometer. 

ELECTROMOTIVE FORCE (EMF). The 
electric potential difference between the ter- 
minals of any device which is used or may 
be used as a source of electrical energy, i.e., 
to supply an electric current. More strictly, 
the limiting value of that potential difference 
which is found as the current flowing from the 
source approaches zero. To avoid ambiguity, 
the strict sense of the term is often indicated 


by the use of the qualifying term '‘open cir- 
cuitj^ or “no load.'’ 

The open circuit electromotive force of a 
cell is identical with its reversible potential 
difference; that of a rotating electrical ma- 
chine is the potential difference existing across 
its terminals when the machine is neither re- 
ceiving nor delivering electric power, i.e., is at 
the transition point between being a generator 
an<l being a motor. Wlien a potential source 
of electrical energy, such as a capacitor, an 
inductor, or a rotating machine, is receiving 
energy from the external circuit, it is said to 
develop a count cr-electromotive force. (See 
also Kirchhoff laws.) 

Er.ECTROMOTIVE FORCE, AVERAGE. 

For ‘an altcTuating voUag(' (with no d-c coin- 
porumt) th(‘ average vnlue is zero. The term 
IS or ten misused to mean the average absolute 
(‘inf: 



For a sine wave, this is 2/7r times the peak 
value. 

ELECTROMOTIVE FORCE, BACK. An 
electromotive force \\hi(‘h acts in a diiection 
opposite to tlH‘ ai)plied electromotive force. 
It is a count (‘r-ele(droinotive force. 

ELECTROMOTIVE FORCE, CELL. See 
cell cmf. 

ELECTROMOTIVE FORCE, COUNTER-. 
Tlu‘ electromotive force gerierat('d hy a run- 
ning motor, hy \irtue of its generator be- 
havior, or by an inductive circuit element 
through wliieh the current is increasing with 
time. The total einf in the circuit is the 
impivss(*d emf minus the counter emf; the 
cuiTont is given liy the ratio of this total emf 
lo the resistance in the circuit. 

ELECTROMOTIVE FORCE, EFFECTIVE 
OR ROOT-MEAN-SQUARE. The rms value 

of a periodic v^ariablc is 



which for a sine wave is 1 /\/2 times the peak 
value. 

ELECTROMOTIVE FORCE, IMPRESSED. 

The open- circuit (no load) electromotive 
force of a source connected into a network. 
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ELECTROMOTIVE FORCE, MOTIONAL. 
The eleclromolive force induced in a (‘irvuit 
by virtue of motion of tlie conductor across 
a magnetic field: 

= f y X It t/I, 

where V is the velocity of tlie conductor, B is 
the magnetic flux density, and the integral 
extends ovaT the hmgtli of the conductor, dl 
being an element of hmgth. 

ELECTROMOTIVE FORCE SERIES. An 

arrnngernent of elements in oi*d('r of dernais- 
ing potentials of their elccti*odes in equilib- 
rium with solutions of their ions. Since the 
electrode potential of a nudnl in ('quilibrium 
with a solution of its ions cannot b(‘ mea'-vred 
directly, the values in the elecTromol ivc' force* 
series arc*, in each ca-^c*, the ditb'retuM' b(‘(\ve(Mi 
tlie electrodes potcaitial of (he un<n metal in 
equilibrium with a solution cd its itnis, [ind 
that of hydrogem in eciuilibriuin willi a solu- 
tion of its ions. In experimental ]U’oc(‘(lure, 
the hydrogcai electrode is used as the standard 
with \Nliieh the electrode potentials of other 
sul)stances are compared. 

ELECTRON. An eUanentary iiartiele of re‘>t 
mass mr — 9.107 X 10 g and ehame of 
4.S02 X 10 stat coulomb, and a spin of one- 
balf unit, i.e., rd ///‘J - // Mtt. It'^ ehargi^ may 
bo positi\e or negative*, although the teim 
elect i'on is commonly u^ed for the necativo 
particle, which is also calh'd tlie nc'gatron. 
The pcisitive clecdrou is calh'd the positron. 

ELECTRON AFFINITY. ( 1 ) Dc gi c c of cloc- 
Ironegativity, or the extent to which an atom 
holds valence eh'ctrons in its inmuMliate mhah- 
1)01-1k)o<1, compared to other atoms of tin* 
molecule. (2) The work reciuircal to remove 
an (deetron from a negative inn, and lienee 
to restore the neutrality of an atom or moh*- 
eule is called the electron afTinity of the atom 
or molecule. 

ELECTRON ANOMALOUS MAGNETIC 
MOMENT. Sec anomaloas magnetic mo- 
ment (electron). 

ELECTRON AVALANCHE. See avalanche 
effect. 

EI..ECTRON BEAM, A stnam of electrons 
moving with about tlu same velocity and in 
the same direction, so as to form a beam. 


ELECTRON BEAM, MAGNETICALLY- 
CONFINED. An electron beam which is con- 
fined to a given ])at}i by the use of appropriate 
m.agnetic fields. 

ELECTRON BEAM, SPACE CHARGE IN. 
See space charge. 

ELECTRON-BEAM TUBE. See tube, elec- 
tron-beam. 

ELECTRON, BONDING. An ( lectron in a 
m()l(‘cule which serves to hold two adjacent 
nuclei togeiher. 

ELECTRON CAPTURE. A radioactive 
transformation of a nuclide in which a bound 
(dectron m(‘rges with its nucleus, decreasing 
the atomic number by 1, and lea\iiig the 
mass number iiTichangi*d in the new nuclulc 
lonued. The* fundamental proc(‘ss involved 
is reiiresenled by (la* (‘(|uation p +- » 

/i I r: in words, a pioton is transformed to a 
TC'utron wuthm the nucleus, a bound (deciron 
is taken iij), and a maitrino enuTges with 
(‘iiergy ('(|ual to the difb'rence Ix'iwei'n the ^ 
disinlegralion energy and the original bind- 
ing energy of the eh'ctron. The bound (d(‘c- 
trou comes most (‘onnnonly from tlu* atomic 
or molc(‘nl;\r orbital of tin* atom or molecuh* 
which contains the transforming nuchais (a 
jirocess (‘‘ill(‘d orbibil-cdectron capture). In 
a metal, it may lx* a conductivity electron. 
Uapturi' of unbound electrons by nuclei has 
not Ix'cn o))sei-v('d. K-clcctroii capture, L- 
electron captuie, etc , are terms used wdiere 
the atomie slxdl occupied by the electron 
captured is known. 

.\s a result of the n'tnoval of an inner-sliell 
eU'clron, there is emis.sion of x-rays and Auger 
electrons characteristic of the product cle- 
iiK'ni. y-rays are also emitted in certain cas(‘s 
where' the [iroriuct nuclei an' left in excited 
states. The value of the disintegratiou energy 
determines wdx'ther (lx* ideedrons are captured 
chiefly from the K-shell or from other shells, 
or wdiether position emission may occur as a 
competing ])rocess. The last proc(*ss is more 
probable than electron capture for light ele- 
n\(’nts, wdiile tlie converse is tiaie for heavy 
elements. 

ELECTRON COLLECTION. A technique 
in ionization chamber incasurem('nts which 
takes advantage of the high mobility of free 
electrons as compared with ions. 
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ELECTRON CONCENTRATION. The 

ratio of the number of valence electrons to 
the number of atoms in a molecule. This 
(luantity is useful in studying the intennetal- 
lic compounds, where it is correlated with the 
crystal structure. 

ELECTRON, CONDUCTION. An ehetron 
wliich play.s an important part in oh'ctrical or 
thermal conduction by solids, i.o , by metals or 
semiconductors, e.g., the electrons in the con- 
duction band, wliich are free to move under 
the influence of an electric field. 

EIECTRON-COUPI.ED OSCILLATOR. 
See oscillator, electron-coupled. 

ELECTRON COUPLING. The combination 
of tlie orbital ind si^in angular momentum 

vectors for a group of electrons. Various 
types of eleetron coiqilmg ]ijn(‘ been ]iostu- 
lated for diih'rent groups of elecirons, es})('- 
cially those ol the ehaiuaits: and liave been 
aj)}died in caleiilatmg resultant quantum num- 
bers, wliioli are useful in mlei])retmg the 
multiplet terms in '-pecira. 

ELECTRON DEVICE. A device in ^^hich 
conduction by elections talv(’s place through 
a vacuum, gas^ or semiconductor. 

iXECTRON DIFFRACTION. Reams of 
high-speed electron-, (‘xliibit diffraction ])he- 
tiuinena analogous to ibo'-t obiam<*d uiih 
light, thu^- showing the wav ('-like character 
of electron beams. Such p..tti'rns are useful 
111 tlu iiiterpretaliuri of (he ^iruclure of gases 
or solids 

ELECTRON DISTRIBUTION. An arrange- 
ment of cltadiun^, I’^jiceiallv the arrangement 
of electrons in orbits or shells around tiie 
nucleus of an atom or an ion 

ELECTRON DONOR. (1) Wlien a valence 
bond between two atoms is that type of co- 
valent linkage in wdiich both the electrons of 
the duplet arc supplied by one atom, tlicn that 
atom, or portion of the molecule of which it 
fonns a part, is called the electron donor, ami 
the other atom in the linkage is called the 
electron acceptor. (2) See impurity, donor. 

ELECTRON DUPLET. A p.air of electrons 
which is shared by two atoms, and i« equiva- 
lent to a single, nonpolar chemical bond. 

ELECTRON EMISSION. The liberation of 
electrons from an electrode into the surround- 


ing space. Quantitatively, it is the rate at 
which electrons are emitted from an electrode. 

ELECTRON(S), EQUIVALENT. Sec cquiv- 
alent electrons. 

ELECTRON, EXTRANUCLEAR. In an 

atom, any one of the electrons that surround 
the po^itive nucleus. 

ELECTRON, FREE. (1) An electron which 
is not resi rained to remain in the immediate 
mugliborhood of a nucleus or an atom. (2) 
The term free (‘lectron is al‘-o a)')j)lied to any 
electron in the outer electronic* shell of an 
atom, wlien that (decti'on is not shared by an- 
other atom, and (‘specially wlum that eleetron 
i^ fr(‘e to be so shared (to form a covalent 
bond ) 

EI.ECTRON GAS. A system of mobile elec- 
trons, g(‘ii('nilly as it within a metal. 

ELECTRON GROUP OR SHELL. A num- 
ber of electrons occupying similar relative 
positions, as tlio<^e extramiclear eh’clrons 
w liich ])()sse'-s the same ]>rincipal quantum 
number (Sc'c quantum number, principal.) 

ELP.CTRON GUN. An ehetrode .structure 
which produces and may control, focus, and 
deflect an electron beam. 

ELECTRON GUN, AXIALLY SYMMETRI- 
CAL. \n electron gun having an eleetron 
b(‘am conirolkd with s^mmctiy about the 
a\is of (h(‘ beam 

ELECTRON GUN, RECTILINEAR FLOW. 
An electron gun having an electron beam con- 
trolh’d with rectilinear symmetry". 

EI.ECTRON IMAGE TUBE. A cathode-ray 
tube Used to increase the brightness or size 
of an image or to pioduec* a visible imag(' 
from invisible radiation such as infrared. A 
large, light-sensitive, cold cathode serves as 
tlie focal plane for the ojitieal image. The 
resulting emission from the cathode is ac- 
celerated through an appropriate lens system 
before striking a fluorescent screen, wheie it 
jiroduces an eiilai’ged and brightened repro- 
duction of the original image. This dcwice 
lias iieen employed m electron microscopes 
and tcU‘^c()pcs, infrared microscopes and tele- 
.'-cope'-, and flnoroseoyie intensificrs. 

ELECTRON LENS. An electron moving in 
an inhomog('neous electric or magnetic field in 
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general follows a curved trajectory. It may be 
shown that tlie trajectories in certain fijplds 
are such that all electrons which pass through 
a given point subsequently pass through, or 
close to, a second point, whose location is 
fixed by the field strengths, and by the posi- 
tion of the first point. The patlis of ch'ctrons 
in such a system therefore bear a striking re- 
semblance to the light rays which pass through 
a lens, and the set of electrodes or of con- 
ductors which establish the necessary fields 
is known as an electron lens. Tin* focal length 
of tlie lens is defined in the same way as is 
the focal length of an optical lens; it may be 
varied by changing the field strengths. As 
an example of an electron lens, a slit or hole 
in a conducting sheet acts to converge or 
diverge' (de'ctrons if the electric fields on the 
two sides of the sheet differ in strength. 

ELECTRON MICROSCOPE. A microscope 
in which streams of electrons function in es- 
sentially the same wiiy as rays of light do in 
an ordinary ojitieal mioroseope. When it is 
recalled that moving ('leetrons exhibit proper- 
ties characteri.stic of trains of waves (see wave 
mechanics), the analogy becomes still more 
striking; w'hile the vety short \vavelength as- 
sociated with eh'ctron waves serves to give 
the electron micros(*()po extraordinary resolv- 
ing power, thus making available magnifying 
powders far beyond the reach of any optical 
instniment. 

ELECTRON MIRROR. A dynode. 

ELECTRON MULTIPLICATION. On bom- 
barding eerlain surfaces by electrons it may 
hai)})en that each impinging electron ex])els 
several electrons from the struck surface. If 
these electrons are caught in an t'leetrie field 
and (lri\en against another similar surface, 
each of them may again give ri^e to several 
electrons After s(‘V(‘ral such stages of multi- 
plication, an appreciable pulse may be ob- 
tained in this manner, starling with a .single 
electron as /3-radiation, or produced photo- 
eleetrioally by y-radiation. Quantitatively, 
the electron multiplication of a device such as 
a photo-mult ijilier is the ratio of the number 
of electrons reaching the anode to the number 
emitted at the cathode. 

ELECTRON MULTIPLIER. A device for 
amplifying by a process of electron multipli- 
cation. 


ELECTRON MULTIPLIER, ELECTRO- 
STATIC. An electron multiplier (see multi- 
plier, electron) which accelerates and focuses 
the electrons by the use of electrostatic fields. 

ELECTRON MULTIPLIER TUBE. A tube 
(‘inploying electron multiplication, usually a 
photoelectric device. 

ELECTRON, NUCLEAR. An electron which 
is emittc'd from the nucleus of an atom. Its 
formation within the nucleus is believed to 
be due to the transfonnal ion of a proton into 
a neutron. It is not now bcli(‘ved that elec- 
trons exist as such insiclc the nucleus. 

ELECTRON OCTET. An electron group or 
electron shell containing eight electrons. 

ELECTRON OPTICS. The control of the 
movement of free electron^ by means of clcc- 
trie fields, and their utilization in research 
investigation of elect ronie diffraction ]>hc- 
nomena, in direct analogy to the effect of 
len.ses on light. Electron beams are used to 
(l(‘termin(‘ (h(‘ microstrueture of crystals and 
many other mati'rials (S(‘e electron micro- 
scope and electron diffraction.) 

EI.ECTRON, ORBITAL. An eleetrori re- 
maining with a high degree of [)robability in 
the immediate neighborhoofl of a nucleus, 
where it oeeupi(‘s a (luantized orbital. 

ELECTRON PAIR. A g(‘neral feature of the 
architecture of many moh'eular structures, in 
which neighboring atoms or nuclei are bonded 
by sharing a jiair of valence electrons, form- 
ing a nonpolar bond. (See bond, nonpolar.) 

ELECTRON, PAIRED. One of two electrons 
which arc shared by tw^o atoms to form a 
valence bond. 

ELECTRON, PHOTO. An electron ejected 
from a substance by the action of light or 
other radiation. 

ELECTRON POLARIZATION. The part of 
the total induced polarization of a molecule 
that is due to the distortion or deformation 
of the elect run shells or orbits under the in- 
fliienee of external electric fields. 

ELECTRON-POSITRON PAIR. An elec- 
tron and positron produced at the same time 
in the process of pair production. 

ELECTRON RADIUS, CLASSICAL. A 

quantity given by the expression: r = 
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where e is the electronic charge, mg is the 
electronic rest mass, c is the velocity of light, 
and r is the electron radius. This expression, 
which has a value of 2.82 X 10“^^ cm, is ob- 
tained by equating the rest-inuss energy 
of the electron, to its electrostatic self- 
energy, e^/r. 

ELECTRON, RELATIVISTIC CORREC- 
TIONS FOR. At electron-volt energy levels 
above about 10,000 electron-volts, the mass of 
the electron is increased sufficiently due to the 
relativity theory to require modification of 
the simple expression for kinetic 

energy. For any velocity the kinetic taiergy 
of an electron may be expressed as: 


where m is the electron mass of 9.11 X 10“^^ 
Kg, V is the \clocity of the electron and c 
that of lieht. 

ELECTRON, SECONDARY. An electron 
deriving its motion from a transfer of mo- 
mentum from primary radiation, which may 
be either jiarticulate or electromagnetic. 

ELECTRON SHELL. The arrangement of 
extranucl(‘ar (‘l(‘ctrons in ditferent groups of 
orbitals w'hich are characterized hy different 
principal (iiianturn numbers. (See quantum 
number, principal.) In tlie old Bohr model 
of the atom, all electrons in a given shell 
moved in orbits of approximately the same 
distaiiee from the nucleus. Different shells 
are then characterized by different dimensions 
of the electronic orbits. 

ELECTRON SPIN. Tlie intrinsic angular 
momentum of an electron, indejiendent of 
any orbital motion. Spin (= f//2) contributes 
to the total angular momentum of the elec- 
tron and is quantized. It gives rise to multi- 
plicity in line spectra, which may be char- 
acterized by introduction of the spin quan- 
tum number. « 

ELECTRON TELESCOPE. A device by 
means of which an infrared image of a dis- 
tant object, focused upon a photosensitive 
cathode, gives rise to an enlarged electron 
image on a fluorescent screen, as in an elec- 
tron image tube. 

ELECTRON THEORY, DIRAC CLASSI- 
CAL. Sec Dirac classical electron theory. 


ELECTRON TRANSFER. The process of 
the shifting of an electron from one electrical 
field to another, as in the formation of an elcc- 
trovalent bond, in which an electron moving 
in an orbit about one atom shifts to move in 
an orbit about the two bonded atoms. 

ELECTRON TUBE. See tube, electron. 

ELECTRON, VACUUM. See vacuum elec- 
tron. 

ELECTRON, VALENCE. The electrons in 
the outermost shell of the structure of an atom. 
Since these electrons constitute the means by 
which the atom enters into cliemical comhin- 
alions — eitlicr by giving tliein up, or by add- 
ing oIIkts to tlu'ir sliell, or by sharing elec- 
trons in this ^h(‘ll —these outermost electrons 
are calk'd valence electrons. 

ELECTRON-VOLT. The energy rec'oived by 
an (‘l(‘(‘tron in falling through a polimtial dif- 
ference of one volt 1 ev is eejual to 1.60203 
X 10“^* erg. An ev is associated through 
the Planck constant with a photon of wave- 
kaigtli 1 2395 microns. 

ELECTRON WAVELENGTH. The wave- 
length, A, of the wave train which character- 
izes (‘lectrons moving witli momentum p. 
These twm quantities are related by the equa- 
tion A = /1/7), wdiere h is the Planck constant. 

ELECTRONEGATIVE ELEMENT. An ele- 
ment which has a relatively great tendency 
I 0 attract clecdrons, whereby the bond energy 
of its linkage with another and different atom 
is found to exceed the mean of that found in 
linkages between the two pairs of identical 
atoms (i e., the A"- Y bond energy exceeds the 
mean of the values for X~X and F-F). Elec- 
tronegative elements are, generally, acid form- 
ing; their outer shell contains four or more 
electrons, and they tend to add ck'ctrons to 
complete it. They arc commonly nonmetals. 

ELECTRONEGATIVITY. The extent, rela- 
tive to other atoms, to which a given atom 
or group of atoms tends to attract and hold 
valence electrons in its immediate neighbor- 
hood. 

ELECTRONIC. Of or pertaining to devices, 
circuits, or systems utilizing electron deviceu. 

ELECTRONIC BAND SPECTRA. Spectra 
arising from electronic transitions in mole- 
cules. 


Electronic Bug — Electro-osmosis, Electro-endosmosis 


292 


ELECTRONIC BUG. A bug which auto- 
matically jH’oduccs correctly spaced “dpbs” 
and '^daslies’’ of the correct ]enj>th. The cir- 
cuit is so designed that it is impossible to iii- 
tornipi a character, or space characters too 
closely. 

ELECTRONIC CHARGE, SPECIFIC. The 

ratio c/ni, of the (dectronic charge* to tlie rest- 
mass of tlie electron; -- l.ToO X 10“^ 

aheoul giri ~ b 

ELECTRONIC ENERGY OF DIATOMIC 
MOLECULES. In tlu* l^cpoii on Xotation 
for Spectra of T)l(ttonnr Molcnilesj Mullikan, 
Phys. Keif. 36, (1930), the eh'clronic 

energy is defined as Ihe energy K,. the total 
intenial energy of a molecnh' in a dethiite 
electron state with the nuclei stationary (this 
condition may be realized in iniagination l)y 
making tlu* masses infmile) at their e(piilib- 
rinm distance (r, ) apai’t E, consi^-ts of fa) 
kinetic (mergy of the electrons, plus (b) their 
])otential energy with rc'-pecl (o the nuclei and 
to one anotlu'r, plus (c) the mutual ]U)tcntial 
energy of repidsiou of the two nuclei. 

ELECTRONIC MICROPHONE. Sec micro- 
phone, electronic. 

ELECTRONIC SPECIFIC HEAT. In (he 
original formulation of the Drude free elec- 
tron theory of metals, it was assumed that (he 
electrons foruKal a classical gas whose* sfie- 
cific h(*at is just 3.VA' (.V being the number 
of partiehs, A’, Boltzmann’s constant). No 
such sp(‘cific heat was obser\ed, but it was 
pointed out by Sonmu'rfcdd that ihe elec- 
trons should be treated as a Fermi-Dirac gas, 
for which the .specific lu’at jicr unit volume 
is gi\en by 

c, - W-NIT/Tr 

where T}p is the Fermi temperature. This 
formula suggests tiiat only the fraction 
\T/Tj,') of the electrons can actually 
contribute to the specific heat. Since this 
fraction is of the order of at room terii- 

perature.s, the electronic specific heat is neg- 
ligilde coinjiared with the lattice specific heat 
except at temjieratures of a few dc'grecb abso- 
lute. Ill the band theory of solids r„ is 
roughly projiortional to the •*fFective mass of 
tlie electrons. 

ELECTRONIC ST\TF.S, MANIFOLD OF. 
Se(‘ manifold of electronic states. 


ELECTRONIC SWITCH. An electron tube 

device for alternately switching between two 
injiut signals. It consists of two amiilifier 
ciiannels, each fed by one of the inputs, ar- 
ranged so they arc alternately biased to cut- 
off (i.c., become inoperative) and feeding a 
common outimt. 

ELECTRONIC THEORY OF VALENCE. 

Tlie exiihination of the nature of chemical 
bonds, i.c., the forces linking atoms to form 
molecules, as wxi! as certain higher aggre- 
gates, in terms of the electrostatic forces be- 
tween negatively-charged electrons and posi- 
luTly-charged atomic nuclei, (^eitain difler- 
ences in characteristics of substances are ex- 
jdained by differtmee*-! in the medhod by which 
th(‘se forces are established. Thus the clcc- 
Irovalent bond arises in com])oimd formation 
w'here there* is tran'-fer of an (‘lectron from one 
atom to another, resulting in the formation 
of oppositely charged ions w’hich attract cae'h 
otlicr. Covalent bonds arise hy the sharing 
of (*1(*ct rolls betwu'en atoms. (\mi])ounds hav- 
ing elcctrovah'iit bonds usually ionize and c'x- 
liibit electrolytic propi'idics; while th<* covalent • 
bonds are charactei istic of organic substances 
There are, of course, other types of linkages 
within these two groups, as well as special or 
iutc'riucdiate cases These* statements are gen- 
eral and the* ultimate statc*m('nts of structure 
mu->t be made in terms of cpiantibative meas- 
urem(*nts of bond distances and energies 

ELECTRONIC TUNING. (1) In reflex 
klystrons the alt(*ratioii of the frequency of 
o'-cillation by changing the rcpeller voltage. 
(2) (.'hanging the fr(*(]ueiicy of operation of 
a transmitter or receiver by changing a con- 
trol voltage. 

ELECTRONIC WATTMETER. See watt- 
meter, electronic. 

ELECTRONICS. That field of science and 
engineering wdiich deals wuth electron devices 
and their utilization. Electronic, used as an 
adjective, signifies of or pertaining to the field 
of electronics. 

ELECTRO-OPTICAL SHUTTER. A device 
for controlling or cutting off a beam of light 
by means of the Kerr electro-optical effect. 

ELECTRO-OSMOSIS, ELECTRO-ENDOS- 
MOSIS. The movement of liquid with re- 
spect to a fixed solid (e.g., a porous diaphragm 
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or a capillary tube) as a result of an ai^pliod 
electric field. 

ELECTROPHONIC EFFECT. The sensa- 
tion of hearing jiroduec'd wlien an alternating 
current of suitalilc frequency and magniinde 
from an external source is passed through an 
animal. 

ELECTROPHORESIS. The movement of 
colloidal (larlicles through a fluid under the 
action of an electric field. Positive sols 
(metallic oxides and hydroxides, liasic dye- 
stuffs) migrate io tin* cathode, and negative 
sols (metals, sulfur, metallic sultides, acid 
dyestutTs) migrate to tlie anode. 

ELECTROPHORESIS BY TISELIUS 
METHOD. A moving-houndary method for 
use witli colloidal system^. The ajiparatus 
basically of the U-tulie variety with the V- 
tube of ri'ct angular cross section, and built 
in sections. TIh' louer sc'ctiou of the T^-tiilie 
is filled vith the colloidal solution and the 
top wiili pure ^olvc'iit. The liouudaiy het^V(‘(‘n 
tlu* two is sharp and siahh*, aud oti a])]dication 
of an electric fii'ld llie boundary moves and 
is observed by the Scldieren technique. 

ELECTROPHORETIC EFFECT. Discussed 
under theory of electrolytes. 

ELECTROPHORUS. Tlu* simplest of all 
static machines; ch'vised by Volta in j 81(). 
It consists of a slal) of some resinous Mib- 
stanee, sucli as sealing wax oi vulcaiiit(‘, which 
is negatively cliaret'd by rubbing with fur. 
A metal plate provided wdtli an iiiMilatinc 
liandle is plac(*d upon the electrified slab. 
The contact is localized at a few ])()iii1s, so 
that instead of taking tlie negative charge 
off the slab, the metal i)lat(‘ l^iccouics ciiarged 
by induction, positively on the under side and 
negatively on the u])per. Tlie negative in- 
duced charge is now removed by grounding 
with the finger, and upon being lifted by 
means of tlie handle, the plate becomes po'-i- 
tivoly charged all over, often strongly enough 
to yield bright sparks. Very little of Uic n(‘ga- 
tive charge on the slab is removed in this 
process, and it may thus be used over and over 
to induce an indefinite nniiiher of positive 
charges. 

ELECTROPLATING. The coating of an ob- 
ject with a thin layer of some metal througli 
electrolytic deposition. (See electrof orming. ) 


ELECTROPOLISHING. Production of a 
smooth surface on metals by electrolytic 
means. 

ELECTROSCOPE. An instrument for de- 
tecting small charges of electricity, or for 
measuring small voltages, or somelimes, indi- 
rectly, very small electric currents, by means 
of the meelianieal forces cxoited hidweeii clec- 
trieally-charged boflies. One of the earliest 
sensitive elect roscojies consists of t^vo narrow 
strips of gold-leaf hanging togeilier in a glass 
jar. [t]>on Ixung eliarged, tliey slarid apart 
on account of tlicir mutual rcinilsion. One 
leaf may be replaced by a stiff strip of bra'^s, 
so (hat only (he nanaining l(‘af ran move. 
The AVilson (‘lectroscoj^ie has a single gold-leaf 
whielu on being (diarged, is attracted by a 
grounded metal plate ti]q^ed at such an angle 
a*- to gi\ c maximum seu'^itivity. 

ELECTROSCOPE, LAURITSEN. A rugged 
yet sensitive electroscope employing a metal- 
lized quai-tz filx'r as tlu' sen^tive element. 

EI.ECTROSCOPE, WII.SON. 1 )isciiss(d un- 
der electroscope, 

ELECffROSOl.. A colloidal solution ]U'o- 

dueed by ek'ctrieal means, as by pas^-'ing a 
spark b(‘twe(‘n metal tdeeirodes in a liquid. 

ELECTROSTATIC ACTUATOR. An ap- 

])araius eoii.stiluting an auxiliary external 
electrode which permit^ the aj’iiilieation of 
known (dectrostaiic to the dia]>hrairm 

of a iuicro])lione for the pui’iiose of olitaining 
a primaiy calihratioii. 

ELECTROSTATIC DEFLECTION. The 
(h'fleetion of an electron beam as a rcMili of 
its passing tlirougli an eleetrostat ie field wdiich 
lias a component per]>endicular to the ]^ath of 
tjic beam. 

ELECTROSTATIC FIELD. An electric 
field that is constant in time, i.o., an electric 
fu‘ld ]U'odue(‘d by stationarv charges. The 
field at any point is the fv('ctor) -^um of fhe 
fields (at that }^oint) due to e.-ieli of fhe 
charge's. The field is al-o givem by the n<'ga- 
tivo gradient of (he electric potential; 

E - - Vc/,. 

(See electrostatics, laws of; electric field 
strength.) 

ELECTROSTATIC FOCUSING. See focus- 
ing, electrostatic; electron lens. 
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ELECTROSTATIC GENERATOR. A high- 
voltage generator in whicli the potential is 
produced by the work done in inechaniral 
transport of electric charges. A Van de (Jraaf 
generator employing a system of conveyor 
belt and spray i)oints to charge an insulated 
electrode to a liigh potential is an electros! atic 
generator winch may be used to accelerate 
charged i>articles to sufficiently high ent'rgics 
to induce nuclear reactions. 

ELECTROSTATIC LENS. An arrangiunent 
of electrodes so disjioscd that the resulting 
electric fields produce a focusing efTect on a 
beam of charged particles. (See also elec- 
tron lens.) 

ELECTROSTATIC LOUDSPEAKER. , See 
loudspeaker, electrostatic. 

ELECTROSTATIC MEMORY. A memory 
device utilizing electrostatic charge as the 
means of retaining information, involving usu- 
ally a si)eeial type of cathofle-ray tulx' to- 
gether witli associated circuits. 

ELECTROSTATIC MEMORY TUBE. An 

electron tube in which information is ndained 
by means of electric charge's. Synonym: 
storage tube. 

ELECTROSTATIC MICROPHONE. Sec 
microphone, electrostatic. 

ELECTROSTATIC POTENTIAL. See po- 
tential, electric. 

ELECTROSTATIC RECIPROCITY THE- 
OREM. Sec reciprocity theorem. 

ELECTROSTATIC SHIELDING. See 
screening. 

ELECTROSTATIC UNITS. See esu system 
of units. 

ELECTROSTAnC VALENCE. The lype 
of valence which involves electron tiaubfer. 
It is also known as ionic valence. 

ELECTROSTATIC VOLTMETER. See elec- 
trometer. 

ELECTROSTATIC WATTMETER. Sec 
wattmeter, electrostatic. 

ELECTROSTATICS. Whih moving elec- 
tricity has certain nropertiew peculiar to its 
motion (see electric ^'urrents, electromagnet- 
ism), electrostatics is concerned with phenom- 


ena exhibited by electricity wdietlier in motion 
or at rest. The outstanding elements of the 
subject arc electric charges, electiic fields, 
electric induction in conductors, and electric 
])olarization in dielectrics. 

Owing to the tremendous mutual repulsion 
of all electricity for electricity of the same 
kind, it is impossible to gather together any 
considerable (|uantity of free electricity, posi- 
tive or negative, in a limit cd space. To })lace 
a single coulomb of either sign on a metal 
spliere 1(J cm in diameter would require 
4.3 X 10’'^ ergs of energy, equal to the output 
of a 100-hp motor running continuously for 
a wo('k; and its sudden release wouhl rival the 
explosion of a carload of dynamite. But we 
can collect and exp('riment with vc'iy small 
charges. It is found that tlieir attrijctions and 
rei>ulsions obey the Coulomb law of inverse 
sejuares, and are also definitely dcpencleiit 
upon the dielectric constant of the surround- 
ing medium. Faraday showc'd that any 
charge', iiiif)artcd to a conductor, at once seeks 
the outside surface and so distribules itself 
there as to i)roduco no influence' anywhe*rc 
inside. Tlie electric potential of such a ceni-^ 
diicteir is uniform both e)\'er its surface and 
tlinnigliout its interior. 

The sjiace out.sule in the neighhorliood of 
the charge is, however, oe‘cuj)icd ])y an electric 
field, as shown by the tact tliat a small 
charged boely place'd anywhere in it is acte'el 
upon by a definite force. Such a field may 
be ina]ipt‘d out by lines of fen'ce as in the case 
of a magnetic field. (See fields of force.) 
The electric intensity at any point of an elec- 
tric field is measured by the force exerted 
upon a free unit (‘barge placed at that point, 
and its direction is that of the force on a 
positive charge. 

If a pair of ecpial, opposite cliarges at a 
fixed distance apaH, called an “electric di- 
pole,” is placed in an electric field, it experi- 
ences in general a torque (like a bii)olar mag- 
net in a magnetic field). The maximum 
torque thus produced l)y a field of unit in- 
tensity is called the “electric moment” of the 
dipole; its magnitude is the product of either 
charge by the distance between them. 

When a neutral conductor is placed in an 
electric field, it develops charges on opposite 
sides, the ])ositive charge being on the side 
toward which a free positive charge is urged. 
The conductor has thus acquired an electric 
moment. This is due to a shifting of the 
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electrons in the conductor until the region in- 
side the conductor again attains the condition 
of zero field and uniform potential (see elec- 
tric screening) ; and the process is called el(‘c- 
trie induction. The electrophorus, for exam- 
ple, utilizes this ]>rinciple, as do other static 
machines. When a concentrated charge i^ 
brought near a large conducting surface, the 
charge thereby induced on the latter has in 
some resi)ects the effect of a second concen- 
trated charge, of opposite sign to the first, and 
lying behind the conducting surface; which 
gives rise to the idea of an ‘Vleetric linage/^ 
somclinies useful in electrostatic calculations. 

If the obj(‘ct placed in the elect I'lc field is a 
dielectric or non-conductor, while there is no 
true induet ion, ‘something lik(' a stress, ealh'd 
an elect! ic ]iolarizati(‘n, dcwelops within the 
dielectric. Thi‘=: condition is the essential f(‘a- 
ture in the opeuwtion of a capacitor, and its 
existence f)rnf()un(]lv affects the capacitance 
of the conductois \\li(Ke charges arc responsi- 
ble foj' the fiell. 

ELECTROSTATICS, LAWS OF. The po- 

ti'Titial at a di^tence r from a eharge q is 
^ ^ qUr wliere c is the ahs'olute permittivity 
(or al)^oluie dielectric constant) of the sur- 
rounding UK'dium The ])ot(‘iilial due to a 
number of ])oint clungc'- is 


e/’i fr2 

The ptdential due to a continuous ilist rilmtion 
of charge is given by 



€ J r 


where p is the charge flensity. The eleelrie 
field is given ])y th(‘ negative gradient of the 
potential; E — — V</). 

These statements may be derived from 
cither tlie Coulomb law for elt'ctric charges 
or the Gauss law, winch is equivalent. The 

Poisson equation; 

follows from them and is the starting point 
for many electrostatic problems. In the ab- 
sence of local charges, the Poisson equation 
reduces to the special case of the Laplace 
equation: 

= 0. 


It is here assumed that the surrounding me- 
dhiui is isotropic and homogeneous, and that 
imrationalized units arc employed. 

ELECTROSTRICTION. The plumomenon 
wlien'in --mne materials experience an clastic 
strain as tlie result of an applied electric field, 
this strain being independent of the polarity 
of the field, (flee electrostrictive effect on 
crystals.) 

EIECTROSTRICTIVE EFFECT ON CRYS- 
TALS. In addition to the first-order piezo- 
electric effect found only in crystals having 
juirticular symmetry projierties and being 
linear in D, all crystals liave a sc'cond-order 
clod ro^ti ir“live effect in which a distortion 
occurs which is ])roportional to the square of 
tlu' electric displacement. The efftei is large 
111 ferroelectric crvstaN, such as bariuin ti- 
tanate, and is ajqiarently due to the stresses 
induced by clianging tlie alignment of the 
f(‘rroclectric domains upon electrification. 

( C f magnetostriction . ) 

EI.ECTROVISCOUS EFFECT. The change 
in Niscosity of a licpiid when placed ni a strong 
el(‘etrosiaLic fndd 'fhe etfect is very small 
.•nid occurs only in polar liquids. 

ELEMENT. (1) A (puintity identifi(‘d by 
two symbols de^^ignating a ro\v and column 
in an array, such as a matrix clement or an 
element of a determinant. As used in calculus 
ee integral, line; surface; volume, (2) A 
'‘ollection ol aioms of one type wdiich cannot 
be decom]KKed into any sinqjU'r units by any 
cheimeal i ransformalion To dale 101 dif- 
ferent elemeiiis aie known; these may be 
grouped iuto an ascending series according to 
the nuclear charge; some elements (those in 
ti»e so-calle(l radioactive scries) spontaneously 
decompose into simpler elements; radioactive 
deeoinjiosition can be induced artificially 
where' ii does not occur in nature and for each 
element there is known a number of Isotopes, 
i e , atoms with the saiiu' nuclear cliarge but 
different nuclear masses w'hich may vary 
within certain limits. Tliero arc also in- 
' stances in wdiich atoms have the same nuclear 
eharge and nuclear mass, but differ only in 
nuclear energetics, and hence stability and 
behavior. (3) Any electrical device (such as 
inductor, resistor, capacitor, generator, line, 
electron tube, or semiconductor) wdth termi- 
nals at W'hich it may be directly connected to 
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other elertrieal devices. (4) An integral pari 
of a device (c.g., of an electron tube or of 
a semiconductor) which coiitnbutcs to its 
operation. (5) A parameter in an acoustical 
system which defines a distinct acti\ity in its 
part of the system. 

ELEMENT, ARTIFICIAI. RADIOACTIVE. 
A radioactive element produced from anoUier 
cleni(*id, or from an isotope of the same ele- 
ment, by the bombardment of protons, neu- 
trons, deuterons, y-rays, or other particles or 
radiations. 

ELEMENT NUMBER 99. On F(4)ruary 1, 
1954, the Atomie Energy ( 'ommission an- 
nounced the discovery of the element of 
atomic number i)9. 'riie mass luimher of the 
nuclide reported is 217, and it r(‘^uU(‘d from 
bombardment of atoms of uranium 25S by 
nitrogen nucl('i The r(‘port stated that this 
nuelido is radioactive* arnl shorl -lived, chanji- 
ing into berkeliuin, and that it is not 
ablc. 

Element #00 is tentatively named ein- 
steinium. 

ELEMENT NUMBER 100. On March 1, 
1054, simultaneous announcemeut was made* 
by Argonno National Laboratoru's and the 
University of California of the product of 
Element #1(X). Atoms of plutonium of mass 
number 230 were transmul(*d in the nuclear 
reactor, by absorption of 15 neutrons for each 
atom irradiat(*d to atoms of Element #H)0 
of mass number 251. In the pr()ee'>s 0 yd-par- 
tielos are emitted In a se])ara(e study I'de- 
moril #100 wa.*^ ju’odueed from Element #0tl 
by irradiation in the materials testing reactor. 
The half-life of this nuelicle of El(‘inent #100 
is ai)proximat('ly 3 hours, and it decays liy 
emission of a-])arlicles of a])pn)xlmately 7 2 
inev energy. Its propeities arc* similar to 
those of the (*arlier actinide elements. 

Element #100 is tentatively named ferrn- 
ium. 

ELEMENT NUMBER 101. See mendele- 
viuiu. 

ELEMENT, RADIOACTIX E. An element 
that disintegrates spontanti'usly with the 
emission of various r^-ys and particles. Most 
commonly the terra denotes radioactive ele- 
ments such us radium, radon (emanation), 


thorium, promethium, uranium, which occupy 
a definite place in the periodic table because 
of their atomic number. The term radioac- 
tive element is also applied to tl)e various 
otli(‘r nuclear si)ecics (which are produced by 
the disintegration of radi\im, uranium, etc.) 
including the members of uranium, actinium, 
tliorium, and neptunium families of radioac- 
tive elements, wliicli dilTer markedly in their 
stability, and are isotopes of cl(*mcnts from 
thallhim (atomic number 81) to uranium 
(atomic number 92), as well as the ])artly 
ariifk'ial actinide gi’ou]), which extends from 
actinium (atomic number SO) to californium 
(atomic number OS), and includes the trans- 
iiranic ('lements nei)tunium (atomic number 
03), ])lut()nium (atomic number 01), amer- 
icium (atomic number 05), curium (atomic 
number 00), b(*rk(‘lium (atomi(* numlx'r 07), 
(‘aliforniiim (etomic number 08), (*l(*in(‘nt 
number 00. ('lement number 100, and (‘lenient 
number 101 (m(‘nd( leMiim) . The radioaetive 
iiuclides ])roduced fi'om iionradioactn e ones 
are discussed under element, artificial radio- 
act^^'e. 

ELEMENT RADIOACTIVE, COLl AT- 
ERAL SERIES. In addition to tlu* three main 
natural and one ailificial di'-iiit(*gration series 
ot radioelenK'nt*^, each ha^' l)(‘en found to lia\(* 
at Ica'-t (uie [larallcl or collateral s(‘ri(‘>. The 
main '-(‘ries and tlio collateral serio'^ have dif- 
f(‘U*nt panuits, hut become identie.il in the 
course of di'*'int(‘gration, wh(*n they li.ave a 
iiKinber in common. 

ELEMENTAL AREA. See picture element. 

ELEMENTARY CHARGE. S( c* election. 

ELEMENTAIiY PARTICLE. Originally this 
term was applic'd to any particle of matter 
which was consi(l(‘r(Ml to liave a unique s(*t of 
intrinsic pro])ertics and a iiermanent and in- 
dependent existence. It lias since be('n found 
that c(*rtain of tliese particles can conv('rt 
into one or more other particles, or to radia- 
tion. Therefore the lenn cleiiKuitaiy pailicle 
i^ now applied quite loosely to tlie electron, 
positron, neutron, proton, the various mesons, 
the hyperons, the neutrino and to otlier par- 
ticles that are under investigation or whose 
existcuiee has been postulated. Photons are 
commonly included, even though their in- 
trinsic properties, such as spin and parity. 
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arc not fixed, but depend on the radiation 
field they represent. 


-5 + — 
c~ 


1 


ELEMENTARY QUANTUM OF ACTION. 
See Planck constant. 


ELEVATOR COIL. The name sometimes 
applied to the impedance-mat ehitip;, input 
transformer in a televi.sion receiver. 

ELIMINATION BAND. See stop band. 


ELLIPSE. A conic section obtained by a 
cutting; plane parallel to no element of a ric;ht 
circular conical surface. It i.s the locus of a 
point which move.s so that the sum of its di'i- 
tunec.s fiom two foci is a constant. Its eccen- 
tricity is less than unity. The standard equa- 
tion may be taken aa 


The cur^e i-s a central conic for it/ is sym- 
iiietrie about both the A- and I -axes V hen 
j)laeed in tliis standard lajsition, the center of 
tlie elhlisc is the coordinate' origin, the major 
axis of length At is alone; the A'-axis, and the 
minor axis of letif’tli is along; the I -axis. 
The distance fiom tlie center to either focus 
is b-, the eccentricity c is given by 

^ _ /,2; the length of the latus rectum 

is Jb-/n] tlie equations for the directrices tire 
.r = +a/r. The distance from any point, on 
the ellipse to a focus is a focal radius and 
the sum of two focal radii equ.als Jn. 

If the si'ini-major axis equals the semi- 
minor axis (d ---- b), the clli})se degenerates 
into a circle. 


ELLIPSOID. A central quadric, ciren in its 
standard form, uith center at the coordinate 
origin, as 


y 2 

*2 

(12 h 


= 1 


where a, b, c arc the semi-axes. Section.s 
parallel to each of t,he coordinate planes arc 
ellipses. 

If two of the axes become equal, the sur- 
face is d spheroid, which can be gcnci ated 
as a surface of revolution. Consider an 
ollipse in the XZ-plane 


with a > r, so that its major axis is along the 
-V-axis of the coordinate system and its minor 
axis along the Z-axjs. There are then two 
possibilities: (1) rotate the ellipse about its 
major axis and the result is a prolate spheroid 
A\ilh a > b -- r; (2) rotate about the minor 
axis and obtain an oblate spheroid, a ~ bye. 
Sections through the surface ■> are circles in 
both eases: when taken parallel to the ])lane 
.r - 0 for the prolate ease; iiarallel to — 0 
for the oblate eas('. 

Ill the final degcMicrale ease, a — b ~ e, the 
surfaeo is a sphere. 

ELLIPSOID, MOMENTAL (ELLIPSOID 
OP" POINSOT). For a rotating body with no 
resultant exlerrial (orfiih’ aetiiig on it 

0)11 - 2T 

where H is the veelor angular momentum, co is 
th(‘ rc'sultani vector angular velocity and T 
is the total kinetic energy When exprcbsod 
in eompc'iicnt form, this heeonies the equation 
of an ellipsoid in angular velocity space. 

d- ^ 2T. 

Ijt, Ij,y and are the moments of inertia with 
K'speet to tlie piineipal axc's fixed in the body. 

My, wv are tla^ components of angular veloc- 
ity witii j’e^jieet to the principal axes fixed m 
the body. Tlu' length of the radius \eetor from 
ihe ongin to llic sui face of the elliiisoid rep- 
resents a value of the angular speed eoiiMstent 
with the total kinetic energy and angular 
monH'iituni. (See inertia, momenta and prod- 
ucts of; ligid body, kinetic energy of.) 

ELLIPSOIDAL COORDINATE. A system 
ha^ed on eonfocal quadrics. If A, /t, t' are the 
three n\*il roots of a cubic e(|Uatiori in a 
parameti'r describing such tpuidrics, they also 
locate the jiosition of a point in space, for 
three mutually perpendicular quadric sur- 
faces intersect at the point. If constants arc 
tak(‘n so that a > b > c, the surfaces are: (1) 
‘ellipsoids, A - const., > A > — 00 ; (2) hy- 
perboloids of one sheet, p. = const., > ^ > 
(3) hyperboloids of two sheets, v — const. 

> r >b'\ 

The relation between the rectangular Car- 
tesian coordinates and the ellipsoidal coordi- 
nates of a point are 
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2 (a® - X)(rt^ - /i)(a^ — v) 

2 = ( ?>^ - \){h- - - .^) 

^ ~ {b^ - a'^')ib^ -c^) 

^2 ^ (r^ - X)(r=^ - M)(r^ - >0_ 

-- - r“) 

Since j*, 7y, 2 occur as Hc^uarcs in ilicsc relations 
they give eight points symmetrically located 
in the ("ailesian system. Somi' (‘onvention 
must then be adojited for the signs of the 
el]ii>soiclal coordinates in order to locate a 
point uniquely. 

These coordinates are also freciuently called 
elliptical hut that term is l)('sl reserv(‘d for a 
two-dimensional system of (‘onfoeal conies. 
Most of the curvilinear systems used in mathe- 
matical plij'sics (including rectangular and 
spherical jiolar coordinates) are dcgen(‘rate 
ea«('s of the ellipsoidal system. 

ELLIPTIC. See function, elliptic; integral, 
elliptic. 

ELLIPTIC(AL) COORDINATE. Often used 
to mean an ellipsoidal coordinate hut more' 
correcily the two coordinates locating a point 
in a plane, wdii'n referi’cd to a system of con- 
focal conics. 

ELLIPTIC CYLINDRICAL COORDINATE. 
A (legentTale case of ellipsoidal coordinates 
wdien' (he surfaces are: (1) elliptic cylindrical 
with semi-ax(‘s a -- r eosh u, b — c sinh ?/, 
u — eons!,; (2) hyperbolic cylindrical with 
a ~ c eos i\ b -• c sin r, n - const.; (3) 
jdaiK's parallel to the A"}"-plane, z -- const. 
A point in this system has reel angular Clar- 
tesian coordinates 

X = c eosh 7 / cos V 

y = c sinh a sin v 

z = z 

and 0 < ?/ < 00 ; 0 < ?' < 27r; —00 < z < 00, 

ELLIPTIC PARTIAL DIFFERENTIAL 
EQUATION. A special case of the general par- 
tial differential equation where A {x,y)(^ ix,y) 
> JPiXjy) for all .r,//. ''Hie characteristic 
curves become com]>lex ^'u :^*tions. Writing 
A -- (u d’), the other solution ^ = 
{u — i 2 >) and the normal form of the equation 
is 


d^\l/ d^\l/ d\p 

--- + — 2 - == p('w,?0 — + Tiu,v) — + U(u,v)\l/, 
du^ dir du d?; 

The specification of Dirichlet or Neumann 
conditions along a closed boundary assures a 
uni(]ue solution. The Laplace, Helmholtz, 
and Poisson equations arc of elliptic type. 

ELLIPTICALLY-POLARIZED LIGHT. See 
light, elliptically-polarizcd. 

ELLIPTICALLY POLARIZED SOUND 
WAVE. Sec sound wave, elliptically polar- 
ized. 

ELIJPTICALLY POLARIZED WAVE. See 
wave, elliptically polarized. 

ELONGATION. The iiKTcase in leiigih along 
the din‘ction of ai)plieation of a stress. 

EMANATING POWER. The fraction of 
radioactne ineil-gas atoms formc'd in a solid 
or solution that escape. 

EMANATION. A name ofiem given to cle- 
ment S(). The nomenclature has not. been 
settled flefinilely. The names radon anrl^ 
emanoi^ are also usc'd. The naturally occur- 
ring isotopes of mass 210, 220 and 222 are 
knowm as actinon, tlioron, and rndon, I’cspec- 
livcly. The longest-lived isotopi* has a mass 
miniber of 222, and a hall-period of 8.S25 
days. 

EMANON. See emanation. 

EMBOSSED GROOVE RECORDING. A 

method of disk I’ceording w’liich employs a 
comi>arat i\'ely blunt slylus to push aside the 
material in th(' modulated groove. No ma- 
terial is removed from tlie disk. Fn'quently 
em])loy('d in dietating machines because the 
disks can he lic-ated and reused, and also be- 
cause there is no refuse to be cleaned away 
during the recording operation. 

EMBRITTLEMENT. An increase in the sus- 
ce])ti))ility of a metal to fractun* under stress 
caused by the introduction of gas or other 
foreign atoms, by segregation of brittle con- 
stituents, by internal oxidation, or by certain 
types of corrosion. 

EMINENCE, See anticyclone. 

EMISSION CHARACTERISTIC. A relation, 
usually shown by a graph, between the emis- 
sion and a factor controlling the emission 
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(such as temperature, voltage, or current) of 
a filament or heater. 

EMISSION, FIELD. Electron emission from 
solids or licpiids resulting directly from a high 
j)otential-grudient at their surface. 

EMISSION, PHOTOELECTRIC. Electron 
emission from solids or liquids re>ulting di- 
rectly from bombardment of their surface by 

photons. 

EMISSION, SECONDARY. Sec secondary 
emission. 

EMISSION, THERMIONIC. See thermionic 
emission. 

EMISSIVE POWER. The emis^ive power of 
a body i^ e(iual to its absorptive povver multi- 
plied by the emissive power of a black body 
at th(‘ sain(‘ t(‘iii])erature. Thc^ (‘missive power 
of a black body (perfect or eomj)lete radiator) 
is the total radial ion from the black body p(‘r 
umt area of radiating surface. 

EMISSIVITY. The ratio of the radiation 
emitb'd by a mu face to the radiation emitted 
by a complete radiator (lilack body) at the 
same temperalun* and undc'r similar condi- 
lions Idle (‘ini-^sivily may be exfiressed for 
the iotjil radiation of all waM'lengths (total 
emissivity), for visij)l(' light (luminous (‘inis- 
sivity) aft a fuiietion of wav(‘lcngth (spectral 
emissivity) or for some very narrow ])and 
of wavelengt hs (monoeliromatie ('uiissivity) . 
Excepting for lumiru'sceiit materials, the einis- 
sivity can never be greater than unity. 

EMITRON. A type of tele\isioii camera 

tube. 

EMITTANCE. The radiant emittance of a 
source is the jiower radiated per unit area of 
the surface. This may be cither the radiant 
emittance per unit range in wavelength, the 
spectral radiant emittance, or its integral over 
all wavelengths, the total radiant emittance. 
If the radiant emittance is evaluated by the 
standard luminosity function, it is called 
luminous emittance. For a perfectly diffus- 
ing surface, the luminous emittance is equal 
to TT times the intensity luminance. 

EMITTER (OF A TRANSISTOR). See emit- 
ter, majority and emitter, minority. 


EMITTER, MAJORITY (OF A TRANSIS- 
TOR). An electrode from which a flow of 
majority carriers enters the interelectrode 
region. 

EMITTER, MINORITY (OF A TRANSIS- 
TOR). An electrode from which a flow of 
minority carriers enters the intcrelectrode re- 
gion. 

EMITTER RESISTANCE, TRANSISTOR. 
See transistor parameter r^. 

EMMETROPIC EYE. An (‘ye in wliich liglit 
from a distmit ubjc'ct is focus(‘d exactly at the 
retina \\hen accominodaf ion is entirely re- 
laxed. 

EMPHASIZER. A filter used in an audio 
ftystem to em])haMze some [lortion of the fre- 
([iioncy ‘^])cctruni. 

EMPIRICAL MASS FORMULA. See mass 
formula, empirical. 

EMPTY MAGNIFICATION. If the image 
formed by a t(‘h‘.>eope or mieroscopc is not 
magnified enough, some detail of the objiTt 
which IS ri'solved by the instnimcnt may not 
1)0 s(‘en by the eye. The detail may be cor- 
rectly n‘})reftented in tlie image formed by tlie 
instrument, but its size in that image may be 
so small that it cannot be resolvTd by the eye. 
Magnification which givevs an image up to the 
size such that (‘a(‘h detail iTsolved by the in- 
-truiiHUU shall be large enough to be resolved 
by th(‘ eye is useful magnification. Any mag- 
nification in (‘\cess is calk'd empty magnifica- 
tion since it does not reveal any fresh detail in 
the object. 

EMU. An ahbre\iation for any elecirical unit 
in the emu system of units. Now' obsolescent, 
having bt^en rejihK'cd by the jirofix ab- at- 
tached to the name of a unit in the practical 
system. E.g., ahampere, abvolt. 

EMU SYSTEM OF UNITS. A system of 
electrical units based on the choice of the 
permeability of empty space as unity and 
dimensionless. The units are usually denoted 
by the prefix ah- attached to a unit name in 
the practical systi'in E g., abcoulomb, ab 
ohm. (See Introduction.) 

EMULSIFICATION. The process of prepar- 
ing an emulsion. 
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EMULSIFICATION, THEORY OF. A the- 
ory to cx})lain the formation of oil-iii-water 
and water-in-oil emulsions. It is found ex- 
perimentally that alkali-metal soaps when 
used as emulsifyinjz; ap,ents tend to f»:ive oil- 
in-waler emulsions while hetu'y-ini'tal soaps 
give water-in-oil emulsions. Aceordirig to 
Bancroft the emulsifying film may be con- 
sidered as three inoleeules thick, consisiing of 
an oil molecule, an emuL-^ifying agent moh'cule 
and a water molecule. When the interfacial 
tension at the water-emulsifying agent inter- 
face is less than at (he oil-emulsifying ag(‘iit 
interface, the film tends to bend and becomes 
convex on the water side forming an oil-in- 
water emulsion, and vic(‘ v('rsa. Harkins pro- 
posed an “oriented wedge” theory of <^niul- 
sions. This stated tliat for soaps such a<! (he 
monovalent sojips for which (lie cross .NC'ciion 
of the metal ion is smaller than the parafTln 
chain, tin* (‘inulsion would be of tbo oil-in- 
water ty})e so as to form an intcn-facial film 
of the greatest density, and vice versa. There 
are, however, a numlxT of exceptions (o this 
theory. 

When solid powders are used as emuKify- 
ing agents, if the solid is preferenlially widicul 
by one phase, then sinc(‘ the powder tends lo 
be laken up at tlie interface, more f)ajli(de'^ 
can pack into the interface if tliis is ciiiwcd 
and convex to that phase Thus if tin* powder 
i« wetted more strongly ])y water then oil-in- 
water emulsions will tend to lie formed Tliis 
may be regarded as an extension of tlic Ban- 
croft tlieory. 

EMULSION. A lyopho])ic colloid systi'in in 
which tlie particles making up the internal 
I)hase (dispersed plui'^c) consist of globules 
of a liquid which is immiscible with the lic^uid 
external phase (diq)ersion medium). 

ENANTIOMORPHS. Crystals that possess 
neither a j)lane nor a center of symmetry and 
cannot be brought into eoincidence with their 
reflected image. They are distinguished as 
right and left fonns and commonly exhibit 
optical activity, the right and left forms rotat- 
ing the ray of ])olarized light in opposite direc- 
tions. (Cf. isomerism, optic tl.) 

ENANTIOTROPY. The property possessed 
by a substance of exis( in two crystal forms, 
one stable belov/, and the other stable above, 


a certain temperature called the transition 
point. 

ENCLODYNE RECEPTION. See aulodyne 
reception. 

END-FIRE ARRAY. Se e array, end-fire. 

END PRODUCT. The final product of a re- 
action or jjrocess. In radioactive series, tlie 
stable nuclide constituting the last member 
of the series. 

END SHIELD. Sbiedd placed at either end 
of the interaction space of a magnetron to pre- 
vent electrons from bombarding the end seals. 

ENDOERGIC. The same as endothermic, 
i.e., requiring input of heat or energy. (See 

disintegration energy, nuclear.) 

PINDOSMOSIS. A tyjie of osmosis in which 
the solvent dialyzes into the system. E\os- 
niosis 1 ^ the reverse jiroca'ss. Tin* two })roc- 
esses may be illustrated by the conditions in 
the living cell; vhen (Ik* j)lasma is byiiertonie, 
sol\(‘nt passes from the (*oll into llu' plasma* 
(exosinosis) ; when the plasma is hyjiotonie 
the solvent jias'-es from (he phiMiia into the 
cell (endosmosis) , 

ddie ni()V(‘nient of tlu' liquid relative to col- 
loidal particles under an apjilicd elcetrieal 
field is termed electro endosmosis. 

ENDOTHERMIC. Characterized by the ab- 
sorfition of heat Kndothcrmal reactions ab- 
sorl) heat as they progress. An endothermal 
cell is an elt‘ctrieal cell in wliich the produc- 
tion of a current is atlend(‘d by an absoiption 
of heat. 

ENERGY. Energy is often defined as the 
ability to do work. Thus, a eapacitanee of 
magnitude C, carrying a charge Q, ])Osscsses 
electrical eiKTgy in the amount (i^/2(J, and can 
do this much work in the process of being dis- 
charged. In this instance, the energy is con- 
sidered to reside in the electric field between 
the plates of the capacitor. In other cases, 
e.g., that of kinetic energy, the energy is con- 
sidered to reside in the body itself. The 
mechanical or electrical energy of a system is 
always measured as the maximum amount of 
work that the system can do in coming to 
static equilibrium. 

When other forms of energy than electrical 
or mechanical are concerned (e.g., thennal 
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or chemical energies) the elementary defini- 
tion is not complet(‘ly satisfactory, since the 
amount of work that can be done depends 
on the surroundings as well as on the state 
of the body. In such cases, the definition 
given above is that of tlie free energy, and 
the total energy is bettor ctefined as the maxi- 
mum amount of work that the systesn can do 
in coming to static equilibrium at the abso- 
lute zero of temperature. Even thi«^ defini- 
tion breaks down, howTver, if the system 
jiossesscs zero point energy. 

In special relativity, energy and mass are 
equivalent being eonneetc'd liy the Einstein 
ecjuation E - me" where r is the sjusnl of 
light. lienee, when relativistic meclianics 
must he applie<k e g , wdien spee<ls comparable 
to c arc involved, the energy of a svstem in- 
cludes the re^t eneigv mur- of all the bo<lie< 
in tlie systesn. 11 ('re nio is tlu' ma^'' of a body 
at rest with re^p(M*t to tlie other bodies of the 
^V'^teni and to the* ob^eiwer 

Energy is parliciilarly important because 
it is a (*on'‘erve(l ciuantity, wdiich can be 
neither creati'd nor d("^troyLd. It may, liow'- 
ever, be (‘xclnanged among vaiious bodic'^ or 
may be coinc’rtc'd from one form to anoilu'r, 
or intercom ('rted witli ma'^s as in tlu' Einstein 
('(lualioii abo\(' (S(H^ also work; conservation 
of energy, law of.) 

ENERGY, AVAILABLE. Sec available 
energy. 

ENERGY BAND. A continuous range of 
energies in which tluTc exist energy levels. 
Esually shortened to band. 

ENERGY, BINDING. There are a number 
of definitions for this lerm. (Sc’e binding 
energy; binding energy, electron; binding 
energy, proton; binding energy, nuclear; etc.) 

ENERGY, COHESION. The energy which 
would be re(inired to break up a solid or liquid 
into its constituent atoms or molecules. The 
cohesion energy is often express('d as the en- 
ergy per mole of a body of such extent that 
the surface energy is negligibly small. 

ENERGY, CONSERVATION OF. (1) Gen- 
eral — An accepted jirinciplc which states that 
energy can never be created or destroyed, but 
can only be changed in form, as discussed in 
the cntiy on energy and conservation of en- 
ergy, law of the. (2) For a conservative 
mechanical system — If all the forces acting 


on the system are conservative forces, the 
total mechanical energy of the system is con- 
stant, and equal to the sum of the potential 
and kinetic; energies. (See conservative sys- 
tem; and energy integral.) 

ENERGY CONTOUR. A contour of constant 
energy, maiiped out on a diagram whose co- 
ordinates ar(' some physical parameters of a 
s>>t(‘iii, or w'hich define various states of the 
system, as for example the energy of an elec- 
tron in a metal as a function of its crystal 
momentum. 

ENERGY, DEGRADATION. Changes in 
form of energy take place m the direction of 
increasing entropy, hene(' lesser availability. 

ENERGY, DISGREGATION. The encrg>' a 
body jiosscsses by virtue of the tendency of 
its ])arficles to ri'pel each othc'r. 

ENERGY DISSIPATION RATE, ACOUS- 
TIC. Th(' rate at winch the energy in a sound 
wav(‘ is dis^ipat('(l into heat energy. 

ENERGY, FREE. See free energy. 

ENERGY GAP (OF A SEMICONDUCTOR). 

The (‘nergy range between tlu' bottom of the 
conduction band and the top of the valence 
band. (S('e also forbidden band.) 

ENERGY INTEGRAL. The first inti'gration 
of the Newton equation of motion mr - F, 
m wliieli r is the position vector of the par- 
ticle of mass m and F is the resultant (vector) 
force acting in it, yields an integral of the 
form 

Imn^ —J* F-(/r = C 

where v is the velocity at any mstaiit and C is 
a constant of integration. This is usually called 
the energy integral, since is the kinetic 

energy. If F is a conservative force — J^F clr 

depends only on the position of tlie particle 
and is therefore called tlie potential energy. 
The constant C becomes the total energy and 
the existence of the energy integral implies the 
conservation of mechanical energy. 

ENERGY, INTERNAL. See internal energy. 

ENERGY, KINETIC. The most obvious way 
in w'hich a body can manifest energy is to be 
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in motion. Experience impels us to p:et out 
of the way when we see a rapidly moving, 
massive object approaching. We know that 
the more massive it is, and the faster it moves, 
the more work (and the nu)r(‘ damage) it will 
do when it strikes. A simple course of reason- 
ing based on Newton’s laws of motion leads 
to the formula E -• for the kinetic 

energy (in ab.^olide unil.'^) of a mass m mov- 
ing with a speed r. Tims a stone of mass 100 
grams moving with a speed of 1000 cm per 
sec has X 100 g X 1000^ eni-/f (‘e- 50,- 

000,000 g eni‘^/s(‘(*- (or erg^) of kinetic energy. 
When tlie moving body is brought: to re.^t by 
a force of average value /, and continues to 
move a distance, d, after tins force is apjdied, 
it does an amount of woi'k, /d, ecjual (9 its 
kinetic energy If d is very small, / 

must be large. Tims, if (he stone in th(‘ al)ove 
example were slopjH'd in a spa(‘e of 0.01 cm 
(as in striking a hard obstacle), we should 
have 0.01 cm X / — 50, 000, 000 g em'-^^/see-, or 
/ 5, 000 ,()()(), (}()() g cm/'s('e“ (or dyncN), which 
is ec|uiva)ent. to 5100 kilograms or mor(‘ than 
5.0 tons. 

The kinetic energy of a body rotating with 
angular si^jeed u, (radians per sec) about an 
axis for which its moment of inertia is 7, is 
E — or wliere n is the nmnlxT 

of rotations per sec. Tlu* tlit'ory of relativity 
gives slightly l)iglier values for the kinetic 
energy, but tlie (lilTenuiees are negligilde ex- 
eejit for V(uy gr(‘at sjieeds. 

ENERGY, LATTICE. The iiotential energy 
of a crystal lattice, wliieli is a measure of the 
stability of the atomic or ionic lattice system. 

ENERGY IjEVEL. A stationary state of 

energy of any i)hysieal system. The existence 
of many stable, or (pia^i-st able states, in 
whieli the (-nergy of the systi'in stays constant 
for some reasonable length of time, is an es- 
sential eharacteristio of quantum-mechanical 
systems, and is the basis of large areas of 
modern physics. 

ENERGY LEVEL DIAGRAM. In general 
terms, any diagram in which the energies of 
states of a system, or of jiarts of a system, 
are shown by the distances of a series of hori- 
zontal lines from a zero levei. Such diagrams 
arc of the greatest ^^alue in all hranehes of 
physics, e.g., band /^hemes, nuclear energy 
levels, etc. 



ENERGY, I.UMINOUS. The value of radiant# 
energy (see energy, radiant) in terms oi its 
ability to ])rodu(‘f‘ brightness. 

ENF.RGY, MECIIANICAT.. For a ^onsiTva- 
tivc dynamical system th(‘ ima'haiiical energy 
is the invariani of the motion which is ccpial 
to the sum of the kinetic energy (sc'C energy, 
kinetic) and the potential energy (see energy, 
potential). This in\anaiit or constant results 
from a first int(‘gratiou of the equations of 
motion and tlie first inti'gral is usually known 
as (he energy integral. Strictly speaking tlie 
mechanical ema-gy does not exist for a non- 
conservative system. However, the concept 
is so useful ^hiit it is customary to treat a 
dissipative .‘>yst('in (see, for example, forced 
oscillator with dissipation) a.s a system v^hose 
energy (defined for the equivalent non-dis- 
sipative system) decreases with the time. 
Tiiis makes possible an imiiortant connection 
with non-mechanical fonns of macroscojiic 
energy, for example, heat. 

ENERGY-MOMENTUM TENSOR. Set of 

16 quantities, not necessarily all different, 
which specify the energy density, momentum 
density and stresses in a distribution of matter 
or radiation, and which transfonn as a tensor. 
Once the Lagrangian L describing a system 
of fields i/'a has been specified, an energy-mo- 
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mentum tensor given by 



Other energy-momentum tensors may be de- 
fined, differing from this hy a divergence. 

ENERGY OF A CHARGED SYSTEM. If 

the charges qi arc varied on a set of con- 
ductors at ])otrntials Vi, the resulting cliango 
of energy of the system is given by 

dU = £ v,dq,. 

1 

JOxpressed in tonns of coefficients of potential 
(see potential, coefficients of) 

dC -£ 

I J 

which yields upon iii1egr4‘iti()n 

e =-■ 2 Z Z = 2 S r,7. 

I 1 t 

= 2 E £ 

» j 

where llie c,, are tlie coefficients of nalnetion 
fS('L induction, coefficients of.) 

ENERGY OF A SYSTEM OF CURRENT 
CIRCUITS. The Tnagnctic fluxes through a 
set of circuit'^ carrying -steady cm rents Tj can 
be written 

<!>, - Zm.J, 

I 

where the M,, = Mj, are the mutual induc- 
tances, and Mu L^ is the .self-inductance of 
the dh circuit. If the circuits art of constant 
length, i.e., they may lie non-rigi<l, but have 
no sliding contacts, the induced enif’s are 

8^ = —d(p/(ff 

= - E M.jdij/dt - £ I,dMJdL 

3 

Eslablishing the currenis requires doing work 
at the rate 



hence 
dW = 


If the circuits are held stationary so that no 
mecjianical work is done, the work becomes 
stored energy of the system, and 

dU = 

U = 

ENERGY, POTENTIAL. The negative of 
(he w'ork done by tlic forces of a eonseiwative 
.system wdicii the jiarticles of the system move 
from one configuration to another is the po- 
tential en(‘rg\^ of the .second configuration rela- 
tiv^e (<) the first configuration. This (juantity 
IS independent of tlie palli follow'cd by the 
particles in changing their configuration and 
is a function of the initial and final positions 
only. 

An equivalent definition states that the po- 
tential energy is that particular function of 
the coonlinates E(.r,/y,.2) w'hosc negative gra- 
dient exists and is ecjual to the force, i.e., 

F - -rr. 

The existence of V implies a conservative 
foice field 

Jf the torc(' hetwceii two particles scjiarated 
hy a distance r is given hy F — K the 
mutual p()t(‘ntial energy of the paKi(‘les when 
.se])ara((‘d by a distance r is 

K 

ro 

where is the distanee of separation in the 
initial or standard configuration. For ennven- 
ieiic(‘. A, is olum tak(»n as infinity, in wdiicli 
ca.se the jiotontial (‘Jiergy at infinity is con- 
sidered (o he zero and the potential energy of 
the final eoiifigin ation is then K/r. Actually 
the numerical value of llie iiotential encrg>^ is 
artiitrary because the initial configuration can 
b<' chosen arbitrarily. Any constant can be 
a(ld<Ml to the potential energy function and the 
condition F — — V T wfill still be satisfied. 

A particle on the surface of th(‘ eartli is 
acted upon hy a force of mg dynes where m 
is the mass in gram.s .and g is the acceleration 
of gravity in cm per sec^ at the particular 
point. If the particle is raised a height h 
centimeters above the surface of the earth, 
where h is small in eoinparison wuth the radius 
of the earth, the potential energ}^ of the par- 
ticle with respect to the earth's .‘surface be- 
comes mgh ergs. For example, a 10 gram 
mass at a distanee of 100 cm above the ground 
has a potential energy of about (10) (100) 
(980) = 980,000 ergs. If the mass were al- 
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lowed to fall to the ground in a vacuum, the 
potential energy w^ould be converted com- 
pletely into 980,000 ergs of kinetic energy, 
thus exemplifying tlie conservation of energy. 
(See also conservative force.) 

ENERGY, RADIANT. Energy which is 
transferred by electromagnetic waves without 
a corresponding transfer of matter. 

ENERGY, SURFACE. Tlu^ eiK'rgy per unit 
area required to increase tlie surface of a solid 
or liquid, e.g., by cleavage of the solid. The 
magnitude of the surface energy at a liquid- 
gas, liquid-liquid or li(iuid-solid interface is 
closely related to tlie surface tension of the 
liquid on that interface. 

ENERGY THEOREMS OF ELECTROMAG- 
NETISM. See Poynting theorem. 

ENERGY, UNITS OF. 

1. Absolute Sy.steiii. 

a. Metric- -cm gm m'C. 

The unit of eiu'rgy is th(‘ erg which 
is the work done by a force of one 
dyne in lliO^'ing a distance of one 
centimeter. 

b. Metric- -m kgm .mt. 

Tlie unit of (mergj' is the joule which 
is the work done by a force' of one 
newton moAnng a distance of oiu' 
mclcr. One joule — 10^ ergs. 

c. English — ft Ibiu sec. 

The unit of energy is the foot- 
])oiiiidal which is the vork done by 
a force of one poundul moving a 
distance of one foot. 

2. Ciravitational System. 

a. English' lb-force ft sec. 

The unit of eiu'rgy is the foot-pound 
which is the work done ]>y a force 
of OIK' pound (force) moving a dis- 
tance of OIK* toot. 

ENFORCED DIPOLE MOMENT. See for- 
bidden lines (Item 4). 

ENGINE EFFICIENCY. The ratio of the 
amount of work obtained from the engine to 
the amount of lu*at put in, the two qiiantitic.s 
being measured in the same units. 

ENGLER VISCOSIMETER. Sec viscosity, 
measurement of. 

ENHANCED LINE. A spectral line from a 
sjiark or other very hot source whose intensity 


304 


is out of proportion with that of other lines 
a.s compared with an arc or a flame spectrum. 

ENRICHMENT. Any process which changes 
the isotopic ratio; in reference to uranium, it 
is a process which increases the ratio of U-23.'i 
to U-238 in uranium by separation of isotopes. 
lOnrichinciit processes include thermal dif- 
fusion, gaseous barrier diffusion, and centrif- 
ugal and electromagnetic separation. 

ENRICHMENT FACTOR. The ratio of iso- 
topic ratios after enrichment to that before 
enrichment. 

ENTHALPY. A Ihermodyiiainic concept de- 
fined by the equation U -- E PV where' II 
is the enthalpy, E is the energy, P the jircs- 
siire, and V the volume of a system. At con- 
stant [)rc>siir(' the change in entlialjiy nu'as- 
ures tlie (piaiitity of heat exchanged by tlic 
system with surrounding.^. 

ENTLADUNGSSTRAHLEN. Radiation from 
sjiark discharges in the wavelength region 
400-1000 A. 

ENTRANCE-PORT, EXIT-PORT. Same as 
entrance and exit pupil of an optical instrn- 
nu'iit. 

ENTRANCE PUPIL. Tin* iinagi* of the ax^er- 
lure stox) as viewed from the object. 

ENTRANCE SLIT. A narrow slit in an 
oi>a(pie serei'ii throiigli wliieh liglit enters a 
spectrometer. The si>oeti’uin formed is the 
image of tliis slit in each wavelength of light 
j)res(‘nt. A narrow slit is necessary for good 
rc.solutioii to avoid great overlapping of these 
images. Howevi'i* the smaller the entrance 
slit, the less radiation enters the spectroiiK'ter 
Hcnee a slit vidth must be used which is a 
compromise between the resolution de^ired 
and the neci'ssary liglit intensity for proper 
ob.servation or detection. 

ENTROPY. (1) In tlic mathematical treat- 
ment of therniodynamic processes there oc- 
curs very olten a quantity, now relating en- 
ergy to absolute temperature, now associated 
willi the probability of a given distribution of 
momentum among molecules, and again ex- 
pressing the degree in which the energy of a 
system has ceased to be available energy. 
Its mathematical form suggests that tljese arc 
all aspects of a single physical magnitude. 
Application of the ^^second law’^ of thermo- 
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dynamics leads to the conclusion that if any 
physical system is left to itself and allowed 
to distribute its energy in its own way, it 
always does so in a manner such that this 
quantity, called ^‘entropy,'’ increases; while 
at the same time the available energy of the 
system diminishes. This law applies to the 
universe as a whole, hence the proposition that 
the total entroi)y increases Jis time goes on. 
An interesting conclusion as to entropy in the 
vicinity of absolute zero is expressed by the 
Nernst heat theorem; viz,, that all jdiysical 
and chemical changes in this region take place 
at constant entropy. Any process during 
whicli there is no change of entropy is said to 
be ‘‘i^entropic.” This is true, for example, of 
an adiabatic process in which there is no dis- 
si])ation of energy, i.e., one which is also a 
reversible process. In tluTinodynamic dis- 
ciis.sions (■ntro})y is commonly classed, along 
with temperature, pressure, and volume, as 
one of the varial)l(‘> defining tin' slat(‘ of a 
body, and is often graphed as such on thermo- 
dynamic diagrams. 

(2) In information theory, entropy is a 
measure of tlje uncertainly of our knowledge 

ENTROPY, COMMUNAL. S( communal 
entropy. 

ENTROPY OF DISORDER. That part of 
the entropy of a '•uh.stance that is due to a 
disordered arrangement of tlu^ molecules as 
opposed to a similar but ordered arrangement. 
The most elear-cut example is the order-dis- 
order transition in binary alloys, in which 
virtually the wdiole entro]\v chaugr is of this 
kind. The entropy change on fusion of a 
solid is largely due to entroi^y of disorder. 

ENTROPY OF F'USION. Tlie unavailable 
energy during a fusion, which is the (piantity 
obtained when the heat absorbed in th(» con- 
version of a given substance from the solid 
to the li(piid state is divided by the tciiqiera- 
ture at which the ])roccss takes place. 

ENTROPY OF IONS, STANDARD. Sec 
ion(s), standard entropy of. 

ENTROPY OF MIXING. Tlie unavailable 
energy of a mixture, defined as the difference ' 
between the entropy of the mixture and the 
sum of the entropies of the components of the 
mixture. 

ENTROPY OF SOLUTION. The heat of 
solution minus the free energy of solution. 


ENTROPY OF VAPORIZATION. The in- 
crease in entropy of a substance on changing 
from the liquid to the vapor state. 

ENTROPY, STANDARD. Tlic total entropy 
of a substance in a state defined as standard. 
Thus, the standard states of a solid or a 
liciiiid are regarded as those of the pure solid 
or the i)ure liquid, respectively, and at a 
staled temperature. The standard state of a 
gas is at 1 atmosphere pressure and specified 
temperature, anrl its standard entropy is the 
change of entropy accompanying its expan- 
sion to zero pressure, or its (•omi)ression from 
zero pressure to 1 atmo^'j)liere. The standard 
entropy of an ion is defined in a solution of 
unit activity, by assuming that the standard 
entfopy of the hydrogen ion is zero. 

ENTROPY VECTOR. The four-vector ob- 
tained by multiplying the proper entropy 
deiwity by the local four-velocity in tlie rela- 
tivistic theory of classical thermoflynamics. 

ENTROPY, VIRTUAL. See virtual entropy. 

ENVELOPE, A cur\e that is tangent to each 
of a given family of curves. The envelope 
of the family of curves f{x,y,t) - 0, where t 
is the varialde parameter of the family, is 
given liy the pair of (‘(juatiuns 

d/ 

/(•*■, '/,0 = 0 ; 7 = = 0 , 

at 

These jiarametric equations of the envelope 
may be used to eliminate liie parameter. 

F.NVELOPE DELAY, The time of propaga- 
tion, between twm jioints, of the envelope of 
a wa'a*. It is ecpial to the rate of change (first 
derivative*) with angular fre(|uency of the dif- 
ference in jihase between these two points. 
It has significance over the bund of fre- 
qucTK’ies oecuiiied by the wave, only if this 
rate is ajiproximately constant over that band. 

ENVELOPE DEMODULATOR. See de- 
modulator, envelope. 

EOTVOS EQUATION. A relation for the 
rate of change of molar surface energy with 
temperature of liquids. Ideally, this quantity 

fc = _ 

dT 
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bhould be a constant for all liquids. Actually, 
(leviationR are frequently encountered. In the 
above rolationship, y is the surface tcasion 
of the liquid, v is its specific volume, M is its 
molecular weight, T is temperature, an<l k is, 
ideally, a constant for all licpiids. 

EPICADMIUM. Neutron energies above the 
cadmium cut-off (about 0.3 ev). 

EPITAXY. Oriented intcrgrowlh between 
two solid i)hases. Th(' surface of one crystal 
provides, tlirougli its lattice structure, jire- 
f(*rred j)()sitions for the deposition of the sec- 
ond crystal. 

EPITHERMAL NEUTRON. S(e neutron, 
epithermal. 

EPOCH ANGLE. See detinition under oscil- 
lator, harmonic. 

EPSILON. (1) Dielectric coefficient or ca- 
pacitivity (f). (2) Penuittivity (e). (3) 

Permittivity of fre(‘ s]iac(' (eo). (4) llclative 

jienuittivity (<,). (5) Eniittanee (<). (t») 

Emissivity (t')- (7) Total eiuissivity (c' or 

t'e). Spectral emissivity (€'\) (9) Ex- 
tinct ion coefficient (c). (10) Self-energy (c). 

Luminous energy (e). (11) Natural logarith- 
mic base' fe bul i is pr(‘f(‘rred ) . (12) Epoch 

angle (c) (13) Ececuitricity (f or e), 

EQUAL-ENERGY SOURCE. A light source 
for which tlie time rate of emisNiuii of energy 
j)er unit of wavelength is const unt tliroughoiit 
tlie spectmm. 

EQUAIJTY. A slatcnient lliat two matlie- 
matical expressions an' e(|ual. Ecpialities are 
of two kinds: identical ecpialities or identities, 
and conditional ecpialities or equations. 

EQUALIZATION. See frequency-response 
equalization. 

EQUALIZER. A netwwk inserted in a sys- 
tem to modify the overall frequency n'sponse 
in a desired manner. This term is also used 
for the series of (‘onnections made in paral- 
leled, cumulatively-compound d-c generators 
to prevent system instability. 

EQUALIZER, DELAY, Sec delay equalizer. 

EQUALIZER, LINE An equalizer inserted 
in a transmission lire .c modify the frequency 
response in a desired manner. 


EQUALIZING PULSES. See pulses, equal- 
izing. 

EQUALIZING SIGNALS. In television, a 
scries of six pulses before and after a serrated, 
vertical pulse. The action of these pulses 
cause.s the vertical deflection to start at the 
same time in each interval. (See pulses, 
equalizing. ) 

EQUALLY TEMPERED SCALE. See scale, 
equally tempered. 

EQUATION. An equality involving two or 
more functions. Equations arc classified by 
terms describing the functions in them or may 
be given the name of a mathematieian who 
discovered or studied the equation. (See also 
differential equation; integral equation.) 

EQUATION, CUBIC. An algebraic equation 
of the third degree in one or more variable's. 
If thei(‘ is one variable, the geiu ral form is 

ax^ + + cj + (!—-{) 

where a, b, r, d are conslanis and .r is the 
variable. • 

EQUATION, DIFFERENCE. An c(| nation 
conned ing valne'^ of an iinknowm function at 
two or more (‘(]uaily spaced values of the in- 
dependent variable, as, for example, 

n{jr (- //) - u{x) = 2.r + 1, 
or 

u{x + 2/0 + 2xu{x + 1) — u{x) = 

A linear difference equation is one in which 
the unknown linear functiem occurs linearly 
and the eoelficients arc functions e)l the inele- 
penelent variable only. A homeigeneous elif- 
fere*nce e*quation contains no term independent 
of the unknown function u. 

EQUATION, HOMOGENEOUS. See equa- 
tion, linear. 

EQUATION, INDETERMINATE. One con- 
taining two or more variables and, in general, 
satisfied by an infinite number of values for 
each of the unknowns. (Sec diophantine 
equation.) 

EQUATION, LINEAR. (1) A linear alge- 
braic equation has the form aiXi T a 2 X 2 + 

• • • -f QnXn = Oo, where the ai are constants 
and the Xi arc the variables. (2) A set of 

simultaneous linear equations is 
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n 

J 1 j 2, 

where and bi are constants. (3) A linear 

differential equation is 

Ao(x)tj + Ai{x)y' + A2(.t)?/" 

+ .••+ = fix) 

where the Ai(x) arc functions of the inde- 
pendent variahic only and y'j y", • * • arc the 
tirst, second, etc., derivatives. Tlu'sc cfiua- 
tions are also inhomogeneous. If the rie,ht- 
hand side is zero in any case, the ecpiation is 
still linear hut homogeneous. 

EQUATION OF CONTINUITY. In one form 
of tin* e(]uaiion of coniinuily, the indneiple 
of the conservation of niatt(*r is stated in the 
following form: ^fhe rate of incn'ase of the 
particle^ in an (‘Ifanent of Aoluine is equal to 
the in t inward flow across the surfaces of 
<he element. In mathematical terms 

dp 

+ div j = 0 
(U 

wIktc p is the deu'^ily of the medium and j is 
lh(' mas'- current density vector. With jiroper 
‘‘Innge^ in the meaning of p and j, th(‘ ecpia- 
tion e\})ressc,s th(‘ (‘onservat ion of other quan- 
tities, such as chaige, energy, etc. 

EQUATION OF MATHEMATICAL PHYS- 
ICS. (hie of the partial differential equations 

wlneh were the prinei])al object of study in 
classical mathematical physics. Tliey arc: 
(1) the Laplace equation, 

-- 0 

and its inliomogt'neous analogiu\ the Poisson 
equation; (2) the eciuation f)f wave motion, 

(3) the diffusion equation, which also applies 
to thermal conduction, 

= d<l>/dt; 

(4) the equation of telegraphy, 

+ hd<t>/dt = d'<t>/dx^. 

The parameters are observable (luanlities and 
t is the time. In modern theoretical physics, 
the differential equations of (plant inn me- 
chanics, particularly the Schrodinger wave 
equation, must be included. 


EQUATION OF MOTION. See kinematics. 

EQUATION OF MOTION OF A RIGID 
BODY, GENERAL. See kinematics; rigid 
body (general equation of motion). 

EQUATION OF STATE. A relationship 
which defines, or partly defines, the physical 
conditions of a homogeneous system by relat- 
ing its pressure, temperature, volume or con- 
centration, and th(' gas cons! ant. Further- 
more. all cejuations of state, exce])t the simple 
PV - P'I\ contain additional constants or 
varial)l(‘s. (Also see characteristic equation; 
equation of state, general; equation of state, 
thcnnodynamic; Keyes equation; Berthelot 
equation; Beattie and Bridgman equation; 
van der Waals equation; Dieterici equation; 
and Clausius equation.) 

EQUATION OF STATE, GENEIUL. The 

most getieial lonu of (he equation of state. 
r(‘lating (ho pressure, volume, and tempera- 
ture of a gas, and the gas constant. It is of 
the form 

/ B C D \ 

PV == RT([+ -+ 

m w'hi(‘h P is the iircssure, F the volume, T 
lh(‘ ab.solute tiMuperature, R the gas eonsiant, 
and />, C, />, ('te , are (‘on^tants, dependent 
upon the leiujicralun^ and called virial coc'ffi- 
eiiaits. Th(' equal ion is sometimes ri i(‘rred to 
a*' the viiial ecpiation of slate. 

EQUATION(S) OF STATE, THERMODY- 
NAMIC. See thermodynamic equations of 
state. 

EQUATION, PARAMETRIC. A plane ( ui ve 
IS usually d(‘serihed by a dngle equation m 
two variabli's r('|)resent ing rectangular or 
polar coordinates. Sometimes it i^ j)referable 
to repr('senT 1h(‘ curve liy paranu'tric equa- 
tions expressing the coord mat (*s scj^aiately in 
terms ot a third variable, the parameter. 
Parametric equations of surfaces and of 
curves in space are also useful. 

EQUATION, POLYNOMIAL. An equation 
of the form P(.ri, .To, • • • , .t„) -- 0, where P{Xi) 
Is a polynomial in one or more variables. The 
case which occurs most frequently is the poly- 
nomial equation in one variable, -f 
OiX” “ ^ H — • -f- On -- 0. For it, the funda- 
mental theorem of algebra states that there 
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exists one and only one set of constants, Xi, 
, ^n, such that 

(X - Xi)(x — X2)(X — X3) • • • (j — = 0. 

The constants arc the roots of the polynomial 
equation. They may be real or complex, but 
they need not all be different. If k ^^-7\ roots 
are equal to each other, the root is said to be 
A'-fold. The followinj^; relations hold for the 
roots: 

+ ‘'^2 H 1- 

+ 3*2*«*3 H h j*n- l^n = d'l/fku 

iriX2J3 H h ‘ ; 

:riX2X3 • • • Xn = 

The roots of linear, quadratic, cubic, and 
quartic cciuations may he obtaiiK'd in terms 
of aljz:el)raic ex[)reshi()iis oontaininj; th(‘ eo- 
efficients but polynomials of de^ret' hip,her 
than four cannot be solved in this way Ap- 
j)roximale values of the roots of equations of 
any dcji;ree may be d(‘iermiiied by graphieal 
or numerieal methods. For (ho latter ])roee- 
dures set* Horner’s method, Newton’s method, 
Graeffe’s method, iteration method. Ihoja r- 
tics of the roots can bo found liy Descarle.s’ 
rule and Sturms theorem. 

EQUATION, QUADRATIC. An alj^ebraic 
equation of the st'eond dep,ree in one or more 
variables. If there are Iw^o variabl(\s, the 
resulting; eurves are conic sections (see quad- 
ratic equation in two variables); if three 
variables, quadric surfaces are obtained. 

EQUATION, QUARTIC. An algebiaie equa- 
tion of the fourth deaiTe 111 one or more vari- 
ai)les. Also called a biquadratic equation. 

EQUATION SOLVER. A eompiitin^J!: device, 
often of the analog type, wliicli is de‘-igiied 
to: (1) solve systcuns of linear simultaneous 
(nondifferential) equations, or (2) find the 
roots of poljmomials, or both. 

EQUATION, TRANSCENDENTAL. An 

(’(luation wdiich is not algebraic and contain- 
ing one or more transcendental functions. 
Snell an equation is generally designated by 
the name of the transcendental functions 
which it contains Tt cami'-' be solv’ed hy 
direct analytical methods in ^lie usual ease. 
Approximate roots . lay be found by the 
methods of "Regula Faisi,” Newton, or itera- 
tion. Graphical methods are also possible, 


esjiecially if only a few significant figures 
are wanted. 

EQUATION, TRANSMUTATION. An equa- 
tion for the change of one atom into another, 
which differs from it in nuclear charge, mass, 
or stalnlity. Such changes occur in natural 
radioactive proce.sscs, but the general need 
for a systematic notation for expressing them 
came* only with the investigation of artificial 
radioactivity, and the great niiriilxT of changes 
discovered. 

Tw'o r(*i)resentative transmutation equations 
are 

i,Al27 + -> + iH' 

w"hi(‘h shows the transmutation of aluminum 
atoms of mass number 27, by Inmibardmont 
with neutrons, to magnesium atoms of mass 
number 27, W'ith the emission of a proton, and 

yjHe^ “b “Y — ^ 4^0^ -b 

which shows the transmutation of beryllium 
atoms of mass numb(*r 0, under gamma ray 
boiTibardriK'iit , to beryllium at oins of mass num- 
ber <S, with the emission of a iKMitron. 

Th(* two reactions above may also be ex- 
pressed in condensed form as: 

A1-' (n; p) 

and 

(t; n) 

EQUILIBRIUM. A eondilion in which all 
the lorees or tendenci<\s present are exactly 
eounterbalaneed or neutralized by ('(|iial and 
opposite forces and t(‘ndeneies. In a state of 
e(|iijlibiiiiin, at l(‘ast sonu* of the quantities 
describing the .system are indepi'iidcuit of time. 

EQUILIBRIUM, APPARENT. (False equi- 
librium ) A condition of a})par('ut equilibrium 
in a system wliieli is brouglit about by the 
interfer(‘nce of some factor (usually acci- 
dental) that prevents the system from pro- 
ceeding to a tnie equilibrium. 

EQUILIBRIUM, CONDITIONS OF ME- 
CHANICAL. See equilibrium of forces on 
a rigid body. 

EQUILIBRIUM CONSTANT. A complex 
phase consisting of n components Ax, Ao * • • 
An, reacting according to the equation 

ViAi + ^ 2-^2 + • • ' VnAn ^ 0 
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(products of the reaction have iiepativc values 
of v) will be in chemical equilibrium when 

J'lMl + *^2^2 H Vny-n = 0 

where /xr is the chemical potential of the rth 
component. W riting 

/i, = -t- i?rin Or 

where /xr® is standard chemical potential, and 
(Z; the activity, then 

r r 

The left-hand side is a constant depending only 
on the tempcralure and is written as IIT In /v, 
where K is the equililn-iuin constant, i.e., 

K -=- Hr 

EQUILIBRIUM CONSTANT IN TERMS 
OF CONCENTRATIONS. From ihv genera! 
definilion of equilibrium constant, it can be 
.vhown that for a cluMiiioal rea('tion in a dilute 
solution, 



whei‘(‘ (\y ^^2 ' ‘ concentrations of 

i]u‘ eoni]K)n('nts in moles per liter, Mo the mo- 
lecular weight of the soh (‘i]t, po its density. In 
(his ease, since (lie initial factor in the ex])r(‘s- 
sion is constant, an equilibrium function 

iv' = ... 

EQUILIBRIUM CONSTANT IN TERMS 
OF MOLE FRACTIONS. From tlio gf‘ncral 
definition of equilibrium constant it can be 
show'n that for a mixture of ideal gases 

where xi, 2*2 * • * are eciuilibrium values of 
the molar fractions, and p, tlie total pressure. 

EQUILIBRIUM CONSTANT IN TERMS 
OF PARTIAL PRESSURES. From the gen- 
eral definition of equilibrium constant it can 
be shown that for a mixture of ideal gases, 

A' = • • • pz-r’ 

where pi, P2 * ‘ the equilibrium partial 

pressures of the components. 

EQUILIBRIUM DIAGRAM. A graphical 
representation, commonly plotted from tem- 
perature and composition, or pressure data, 


which shows the condition of C(iuilibrium be- 
tw^cen various phases of a substance, or sys- 
tem of substances. 

EQUILIBRIUM, HETEROGENEOUS. 

(Polypliase equilibrium.) Equilibrium be- 
tween two or more ])has(*s, as between a solid 
and a gas, or a licjuid and its saturated vapor. 
The system calcium oxidc-caleium carbonate- 
carbon dioxide is an exain[)lc of an hetero- 
geneous (H|uilibrium state. 

EQUILIBRIUM, HOMOGENEOUS. Equi- 
librium conditions in a system that constitutes 
a single phase, i.e., reactions in solution or 
among ga.ses tlie products of wdiich remain 
in the same phase as the react am s. 

EQUILIBRIUM, ISOTHERMAL. An equi- 
librium reached by a system tliat remains at 
constant teinpc'i-aturo during the entire proc- 
ess. 

EQUILIBRIUM, METASTABLE. A definite 
equilibrium stab* which is not the most stable 
equilibrium under the giv('n conditions. A 
inetastable system wull often uiid(Tgo a spon- 
taneous change upon addition of the stable 
phase, or frequently under the action of vibra- 
tory forces. 

EQUILIBRIUM METHOD. See freezing 
point depression measurement. 

EQUILIBRIUM OF A FLEXIBLE STRING. 

A string <'an ])e t related as ])osses.=iiig a con- 
tinuous <li^tribu!ion of iiiass if it is essentially 
inextensilde, i e., if the tension varies little 
along its liaigth. A ‘firing supported at its 
ends may he shown to assume a simple shape. 
(\)iisid(‘r an elenu'nt ds, measiin'd along its 
Ic’ngth 



The horizontal component of (lie tension on 
the element ds will bo constant. 

dx 

Tx = T — •= constant 
ds 
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where T is the tension along the element rfs. 
The vertical coniponojit of the tension on the 
element d& will be clc'lorminecl by the tension 
due to the amount of string Ijetween ds and the 
lowest point 

dy 

Ty^ = pgs 

where s is tlie distance along the string from 
(lie lowest ])oint to the element, p is the linear 
mass density, and g is the acceleration of 
giavity The solution of these tw'o differen- 
tial cfinaiioiis indieat(\s that llie string hangs 
along a catenary curve with ccpuition 

, pgj’ 

ij ~ -- eosli 

pg 

I 

h is the perpendi(‘ular dislan(‘(“ from tho low- 
est point of tlie (‘atenary to the ./-axis. 

EQUILIBRIUM OF A PARTTCI.E. A par- 
ticle is said to I>e in librium if the vector 
sum of all the forces acting through the par- 
ticle is equal to zero. This condition can lie 
expressed in eompom nt iortn by the e(iuations 
-- 0, 0, - 0. Since a single 

particle does not possess tho profiorty of ex- 
tension by definition, every force acting on 
the jiaiiicle must act through the same ])oint. 
ll(‘nee, the condition for equilibrium of a jiar- 
ticle is identical with the first condition for 
equilibrium of rigid body as given under 
equilibrium of forcc.s. 

EQUILIBRIUM OF A PARTICLE ON A 
ROUGH SURFACE. The condition for eipii- 
librium is the same as that for any jiarticle. 
The force of friction must be inelu<led when 
detemiining the forces acting on the particle, 
(Se(‘ equilibrium of a particle; friction, co- 
efBcient of .static. I 

EQUILIBRIUM OF A RIGID BODY. See 
equilibrium of forces on a rigid body. 

EQUILIBRIUM OF A RIGID BODY WITH 
RESPECT TO ROTATION. A rigid body, 
initiidly at rest, is in rotational ecjuilibrium if 
the algebraic sums of the torques about each 
of tliree mutiially-perjiendicuhir axes arc zero. 
This is identical with the second condition for 
equilibrium of forces on a rigid body. 

EQUILIBRIUM OF A RIGID BODY WITH 
RESPECT TO TRANSLATION. A rigid 
body is said to be in equilibrium with respect 


to translation if the vector sum of all the 
forces acting on the body is equal to zero. 
Tills condition is identical with the first con- 
dition for equilibrium of forces on a rigid 
body, and also with the single condition for 
eqiiilihriiiin of a particle. The condition im- 
plies that the center of mass of the rigid body 
is not subject to any resultant force. 

EQUILIBRIUM OF A SYSTEM OF CON- 
NECTED PARTICLES. Jf a system of con- 
nected ))artieles (c.g., joined by strings or 
rods, etc.) is acted on by external forces, the 
ecjuilibrinm of tlu‘ whole can be studi(‘d by 
examining the cciuilibriiim of each particle 
separately under the influence of (dL the forces 
which act on it. Thi« is called the ))rineiple 
of separate cquilibriiiin. ft is useful in the 
study of flexible jointed cables. 

EQUILIBRIUM OF FORCES ON A RIGID 
BODY. A slate of balance betwern or among 
forct's. Th(' mueli used term erpiilibnuin is 
here confined to its dynamical sense; ^aieli 
sulqects as ll)('nual (sjuilihrium, radioaeiiv(‘ 
eiiuilibrium, etc., are treated in appropriate 
places eKewherix Tnless otherwis(' ^pecifieil, 
tho term n'fers to that set of conditions to 
which a system of force's must be adjiisp^d m 
order tliat a free body actc'd upon by tlnan 
will experienee no a(‘e(‘lei‘ation. d'liis i>, 
termed ‘‘static equilibrium,’’ to distinguish it 
from the “kinetic eepiilibriuin” with which 
D’Alembert’s principle is concerned. 

T\^() conditions are ne'cessary for the equi- 
librium of a set of forces: (l) The vector sum 
of the forces must be zero; then if they an' 
resolved into rectangular components, the 
algebraic muus of the A", the Y, and the Z 
eomjHuients must separately reduce to zero, 
or symholieally, ^F^ ~ 0, 0, and It/A 

- 0. (2) The algebraic sum of tlu‘ tonpK's 

of the forces about eacli of any three mutually 
])erpendieular axes must he zero; the body 
then has no tendency to rotate about any axis. 
(See also rigid body; torque; statics.) 

EQUILIBRIUM, ORDER OF. A method of 
classifying chemical eciuilibria. Equilibria of 
the first order embrace cases where only one 
component is ])rc.sent; equilibria of the second 
order embrace two-component systems and so 
on for higher orders. 

EQUILIBRIUM, PHOTOCHEMICAL. A 

position of equilibrium reached in a reversible 
chemical change in which one or both of the 
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reactions are sensitive to light, and with the 
presence of the effective radiation postulated 
as one of the conditions under which the equi- 
librium is reached. 

EQUILIBRIUM POINT. The external con- 
ditions (such as temperature or pressure) at 
which a system is in equilibrium. 

EQUILIBRIUM, PRINCIPLE OF SEPA- 
RATE. The principle whereby the equilib- 
rium of several particles can be studied by 
examining the equilibrium of a single particle 
in the group with respc'ct to all the forces 
acting on it. (See equilibrium of a particle.) 

EQUILIBRIUM, RADIOACTIVE. In a sys- 
tem containing two or more radioactive ele- 
ments, in which (‘ach eleiniMit (except the first) 
is formed by radioa^-tive di'-integration of the 
eh'inent jirereding it in tlie series pri'sent, 
radioactive equilibrium is readied when the 
rat(' of formation of any ehaiKait from lt‘^ par- 
ent is e(]ual to itvS own rat(‘ of disiuteoration 
Tins slatement does not ajijily to the terminal 
element of the series ])resc‘nt, which is non- 
ladioactivc. 

EQUILIBRIUM, STABLE. An (((iiilibiium 
dat(‘ of a s\strm of one or mori' particles such 
tliat tli(' potential energy of the system is a 
imniininn. (Contrast equilibrium, unstable.) 

FQUIIJBRIUM, UNSTABLE. An equilib- 
iium date of a sy^tem of one or more jiar- 
ticle.s Mich tlial the potential energy of the 
sydcMii IS a nuixmniin. For example, eon- 
sider a particle located on the top of a spher- 
ical surface in a gravitational lii'ld. The y’X)- 
tential energy of the particle will be a inaxi- 
mum wdth respect to other values which il 
might possess at other iioints on th(' sjihere. 
If the sphere were turneil over and the jiarticle 
placed inside the sjiherc at the low'est })oint, 
then the potential energy w’ould he a minimum 
and the equilibrium would be stable 

EQUIPARTITION OF ENERGY. If a gre at 

number of iierfeetly elastic, rapidly moving 
particles are turned into an enclosure together 
and arc allowed time to mingle, darling about 
and striking or otherwise encountering eaclr 
other, the kinetic energy which they possess 
becomes distributed in accordance wdth the 
famous principle of equipartition of energy, 
or Maxwell-Boltzrnann law, as enunciated by 
Boltzmann. Each particle has a number of 
degrees of freedom, determined by its char- 


acter, and equal to the number of coordinates 
necessary to describe its position and orienta- 
tion. (For the molecules of a diatomic gas, 
such as nitrogen, the effective number is 5; 
plus some others not ordinarily concerned 
wdth thermal energy.) The oqui])artition 
principle states that the average energy taken 
up by motions in each of the several degrees 
of freedom is the same, and is independent of 
the sizes and masses of the particles. (For 
a gas it. IS ecpial to Vo *he product of tlie 
Boltzmann constant by the absolute tempera- 
ture of th(‘ gas ) Thus wdicn heat energy is 
imparted io a pure diatomic gas, of it goes 
into each degree of molecular freedom which 
heat can affect. Three of these degrees of 
freeilom are concerned with motion.*: of trans- 
lation, so that ot the energy takes this 
form. And mdi'od, wdum one calculates the 
ehaiigo ill iranslatii nal energy due to raising 
tln‘ tempcTatnre of one gram of the gas one 
d(‘gree (see kinetic theory), it is found to 
he almost exaidly % of tlie specific heat as 
measured <it constant volume, W'hieh ropre- 
MMits the total imparted enerfiv. One of the 
strungi'st supports of (he prineifilc comes from 
quauiilatne observations on the Brownian 
movement. Many other example's occur in 
])hy^ie^ 'riio i)iincii>le of eipiijiaiiitioii of 
eiu'rgv breaks down wdien at low^ tenipeuiture 
or und(T any other conditions in which the 
influence of the quantum principle becomes 
dominant. 

EQUIPHASE SURFACE. (1) In a tbroe- 
dinien''ional \\a\e, the 

surfaces <l>(.r,//. 2 ) " con.stant are called equi- 
phase surfaces. 

(2) Thus, any .surface in r. wave over which 
till' field vectors at tlie f^ame instant are in 
phase* or 1S0° out of jihase. 

EQUIPOTENTIAL CATHODE. Pee cath- 
ode, unipotential. 

EQUIPOTENTIAL REGION. A field-free 
region. If the potential is uniform in a region, 

V<l> = 0, 

hence there is no electric field. Conversely if 
E - -V<#> - 0, 

0 is independent of position. 

EQUIPOTENTIAL SURFACE. A surface 
on w'hich the potential is independent of posi- 
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tion. At each point of the surface, the gra- 
dient Vc/> crosses perpendicularly, i.e., cqui- 
potcntial surfaces arc normal to che linos of 
force. 

EQUISIGNAL RADIO-RANGE BEACON. 

An aireraft-Ruidance radio-beacon which 
transmits two distinctive signals which may 
be received with equal stri'iigtli only in cer- 
tain sectors called equisignal sectors. 

EQUISIGNAL SECTOR. The region in 
winch the transmissions from an equisignal 
radio-range beacon may be received with 
equal intensities. 

EQUIVALENCE PRINCIPLE. It is always 
possible at a ]ioint in space-time to transfQrm 
to a (in general accelerated) coordinate sys- 
tem such that the ctTcets of gravity will dis- 
appear over a differential region in the neigh- 
borhood of the ])oint. As a particular ease, if 
there are two obs(‘rvers, one uniformly ae- 
eelerat(‘d with ace^'leration (j and not in a 
gravitational fu'ld, the other nol- aeeelerat(Hl 
but held in a uniform gravitational field o, 
the results of meehanical and optical experi- 
iru'nts ]K‘rfonned by the two observers will bo 
identical. (See relativity theory, general.) 

EQUIVALENCE THEOREM. The field in 
a source-free region bounded by a surface 
could be produced by a distribution of electric 
and magnetic curnaits (current-sheets) on that 
surface that would be e(]ui valent, for ])oints 
inside the surface, to the actual external 
sources. (See induction theorem.) 

EQUIVALENT CIRCUIT. An electrical cir- 
cuit which is (dectncally e(iui valent to an- 
other circuit, or sometimes, to a meehanical 
device. Equivalent circuits of mechanical 
systems or electromechanical s5^sLems such 
as loud-speakers enable the designer to apply 
methods of circuit analysis, and often obtain 
a solution easily which would he very difficult 
if not impossible othenvisc. The equivalent 
circuit method is used extensively in the anal- 
ysis of oommimications circuits, particularly 
those involving vacuum tubes. The tube it- 
self may be replaced, for instance, by a gen- 
erator having a generated voltage equal the 
amplification factor of the tube times the ap- 
plied grid voltage and an int'--nal resistance 
equal the dynamic pLi*e resistance of the tube. 
While this does not pj.e the d-c solution of 
the tube circuit it does allow the circuit to 


he simplified for alternating currents and these 
arc usually the ones of interest. Similarly, 
many otluT types of electrical circuits may 
he simplified in terms of equivalent circuits, 
sometimes giving all the necessary solutions, 
sometimes giving solutions for limited condi- 
tions, but, in most cases, greatly decreasing 
the labor involved in analyzing the circuit or 
e(}uipment. 

EQUIVALENT CONDUCTANCE. Sec con- 
ductance, equivalent. 

EQUIVALENT CONSTANT POTENTIAL 
(X-RAYS). The constant poiential which 
mu.sl be apjilied to an x-ray tube to jirotluce 
radiation ha^ing an absorption curve in a 
given malerial closely similar to that of the 
beam under consideration. 

EQUIVAI.ENT DIODE. See diode, equiva- 
lent. 

EQUIVALENT ELECTRONS. For an atom, 
eh'ctrous in the same orbital (whereby they 
hav(‘ the same prmei])al (]uantum number and 
flu* same azimuthal (piantiim uumber). For * 
a molecule, electrons having th(‘ same riuan- 
tum mmibers, apart from spin, and the same 
symmetry (j or u. 

EQUIVALENT LOUDNESS LEVEL. See 
loudness level. 

EQUIVALENT NETWORK. See network, 
equivalent. 

EQUIVALENT NUCLEI. Sets of those 
nuclei in a molecule which can be transformed 
into one another by the symmetry operations 
permitted by the molecule (eg., the three H 
atoms in CTIa-CCl;^ are equiv^alent) . 

EQUIVALENT NOISE PRESSURE. Sec 
transducer equivalent noise pressure. 

EQUIVALENT POTENTIAL TEMPERA- 
TURE. See potential temperature, equiva- 
lent. 

EQUIVALENT STOPPING POWER. Sec 
stopping power. 

EQUIVALENT THICKNESS. The thick- 
ness, expressed in terms of the mass per unit 
area, of a foil which will just prevent the pas- 
sage of a-particlcs of known range in air. 
The equivalent thickness in mg/rm^ is equal 
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to the product of the range (in cm) and the 
density (in mg/cm®). (See stopping power.) 

EQUIVOCATION. A measure of the aver- 
age ambiguity of a received signal. It is the 
residual remaining uncertainty wlien the re- 
ceived signal has been interpreted. 

ERASING HEAD. A device for obliterating 
any previous recordings. It may be used for 
preconditioning magnetic media for recording 
purposes. 

ERBIUM. Rare earth metallic element. 
Symbol Er. Atomic number G8. 

ERG. A unit of work or energy in the c gm s 
system of units, being the work done wlien a 
steady force uf one dyne produces a displace- 
ment of one centimeter in the direction of tin* 
lorce. 

ERGOMETER. See power. 

ERGON. A quantum of energy e, vrhich is 
ealeulaled for any gi' eii oseillator by multi- 
pl\ing the fie(iiieney of the oseillator by 

Planck’s constant. 

ERIOMETER. An apparatus for measuring 
^mall diamet(‘r^, sueli as those of textile fibers, 
by oi)scrving tin* diameter of the diffraction 
pattern which they i)roduce when viewed 
through the a])paratus. 

ERROR. Th(* quantity which must be sub- 
tracted from an observed or ealeulaled quan- 
tity to yield a closer apjiroxiinatioii to the 
tnie value. The error i> (Mjual in magnitude 
and opposite in sign to the correction. 

ERROR, ACCIDENTAL. In k ix ated ob- 
servations of a (]uantity wliich is in prineijile 
constant, it is in general found that slightly 
different values are obtained. Errors of this 
type, which are beyond the control of the 
observer undcT the particular conditions of 
measurement, are knowm as accidental errors. 
The mean of the values obtained in tiie series 
of measurements is generally taken as the 
best estimate of the true value of the quantity, 
and the spread of the individual observations 
about this mean is used to estimate the un- 
certainty of this mean. Among the quanti- 
ties used for this purpose are the average 
deviation, the probable error, and the stand- 
ard deviation. (Sec also error function and 
error, propagation of.) 


ERROR, ESTIMATED. The amount by 
which a measured or calculated (jiiantity is 
believed likely to depart from the true value. 
(See error, accidental.) 

ERROR FUNCTION. The improper inte- 
gral 

2 

erf (0 = ■“/ I e 
V TT Jq 

AVhen the results of a series of measurements 
are de^erihed about an ave’ago by a Claussian 
curw, erff/ia) ihe lU’obabilily that tlie error 
of a single nieasuremenl lies botwooii ia, 
where h is the precision index. The integral 
cannot be evaluated in closed form but must 
be ex])andod in a power series and integrated 
term l)y term. Values of the integral, as 
function'^ of have been tabulated (wSee also 
Fresnel integral.) 

ERROR, INSTRUMENTAL. Any error in 
meuMircaiK'nt whi(‘h results from the proper- 
ties of the iiiMrunient^- used in the measure- 
nuait. Instrumental errors may be divided 
into ‘-calo eirors, which result from improper 
calibration of the instrument, and reproduc- 
ibility errors, which resull from the failure 
of the instiument to give the same indication 
wlienever it is subject to the snjue input signal 
The lattca- tyjie may be treat^nl accidental 
errors, the forin(*r n\ay not. 

ERROR, PERSONAL. Any ( iror whicli re- 
sults from the lendeney of an observer to mis- 
read an instrument, eg., to read consistently 
high or low. IN'-sunal errors are not di^tril)- 
uled in the same manner as accidental errors, 
and tlieir magmtud(*s may be estimated only 
by the comparison of observations made by 
difleient oliservers. 

ERROR, PROBABLE. Sea* probable error. 

ERROR, PROPAGATION OF. When a 
quantity is calculated as a function of one 
or more rn('asured quantities, instead of being 
measured directly, it is oft('n necessary to 
estimate the uncertainty in tlie caloulated 
quantity which results from the estimated 
errors of the measured quantities. Two dis- 
tinct cases arise. 

(1) If the quantity is a function of a 
single measured quantity j:, i.e y z = z(x), 

dz 

8z = — 8x. 
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where bx is the uncertainty of x and bz is the 
corresponding uiicerlainty of z, 

(2) If the quantity z is a function of twd or 
more measured (luaiilities, e.g., if z = z{x,y), 

These rules apply only if the errors are sym- 
metrically di^trll)uted about the mean, i e., if 
positive and negative errors are equally prob- 
able. 

ERROR, SCALE. Any error in measurement 
which results from a miscalibration of an in- 
strument, e.g., the use of a linear scale with 
an instrument whicli departs slightly from 
linearity of resiionsc to the input signal. 

ESCLANGON EFFECT, The deviation of 

a ray of reflected light due to motion of the 
mirror in a direction o])li(pie to its surface 

ESR. Abbreviation for effective signal radi- 
ated. 

^ ESU. An abbreviation for any unit in the 
esu system of units. Now obsoh'seent, hav- 
ing been rej)laced by tlie prefix stat- attached 
to the name of a unit in the practical system. 
E.g., slatamiiere, statniaxwell. 

ESU SYSTEM OF UNITS. A system of units 
based on the clioic*' of the permittivity of 
empty space as unity and dimensionh'ss The 
units are usually denoted by tlie prefix stat- 
atlached to the name of a unit in the i)rac- 
tical system. E.g., statvolt, statoersted. 

ETA. (1) hlfTiciencyfv). (2) Coefficient of 
viscosity (t/). (.S) Electric susc('ptibility (?/). 

(4) Transverse acoustic disfdacement {rj). 

(5) Displacement component of sounrl-bear- 

ing paiticle (^). (G) Electronic state of mole- 

cule having A-value of 5 (H), 

ETALON. See Fabry and Perot ctalon. 

ETHER HYPOTHESIS. Postulate, widely 
held in the nineteenth century, that all space 
is filled with a fluid which is transparent, un- 
dispersive, incompressible, continuous and 
without viscosity. This fluid was supposed 
to act as a medium for the propagation of 
light analogous to the manner in wliich sound 
is propagated through mattej Later it was 
regarded as a scat of all Ljoctromagnetic 
energy and attempts vere made to describe 
matter in terms of vortices in this fluid. 


The hypothesis appeared to find experi- 
mental verification in the result due to Fresnel 
that the velocity of light relative to the ether 
on passing through a medium of refractive 
index 7i, vtdocily v (in the same direction) is 

n \ n^/ 

and in Ihe Airy experiment on aberration. 
This theory ro(|uircd, however, that matter 
moving through the ether should modify the 
velocity of the ether and that because of dis- 
persion the relative velocity of medium and 
ether would be different for (tifferent wave- 
lengths, thus reciuiring a different ether for 
each wavelength. The chief difficulty which 
file hypotliesis encount(;red, however, arose 
from the juxtaposition of the two well-estab- 
lished tlieoiies of non-relativist ic Newtonian 
dynamics and of Maxwoirs electromagnetism. 
Under a Galilean transformation the equa- 
tions of the former are invariant while those 
of the latter are not. Thus at any point there 
should be one special coordinate sy'^lein, at 
rest relative 1o the local ether, relative to 
whicli Maxwell’s equations assume their usual 
form. Motion relative to this ether should 
therefore bo detectable, although various at- 
tempts to observe it (e.g., tlie Michelson- 
Morlcy experiment) had been unsuccessful. 
To avoid this difficulty llie Lorcntz-Fitzgerald 
contraction hypothesis was advanced, but the 
ether thc'ory was finally abandoned when the 
(ialilean transfomiation and the dynamics of 
Newton received their modifications in the 
Einstein special relativity theory. 

ETTINGSHAUSEN EFFEGT. This phe- 
noimmon, discovered in 1887, is analogous to 
the Hall effect and appears to be closely re- 
lated to it. If a strip of metal in which an 
electric current flows longitudinally is placed 
in a magnetic field with the plane of the strip 
perpendicular to the direction of the field, it 
is found that corresponding points on opposite 
edges come to different temperatures. If, to 
one looking along the strip in the direction of 
the current, and with the magnetic field down- 
ward, the decrease of temperature is toward 
the right, the effect is positive. This is the 
case willi bismuth, in which the phenomenon 
was first observed by Ettingshausen. The 
same is ti*ue of antimony, nickel, and cobalt; 
but in iron the effect is negative. (See also 
Nemst and Righi-Leduc effects.) 
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Euclidean Space — Euler-Maclaurin Formula 


EUCLIDEAN SPACE. Riemannian space in 
which it is possible to introduce a coordinate 
system with respect to which at 

every point is the metric, 8^^ is the Kro- 
necker delta). 

EUCOLLOID. A colloid composed of rela- 
tively large i)ai’ticles, i.o,, exceeding 0 23 
micron in length. 

EUDIOMETER. A graduated tube closed at 
one end in one form of which two platinum 
wires arc sealed so that a spark may be pass('d 
througli the contents of the tube. Used to 
mea.^ure the volume changes in the combus- 
tion of gases. 

EULER ANCLE. One of three' parameters 

describing the orientation of a rigid body rela- 
tive to a Cartesian coordinate system (x.u,z) 
fixed in s))ace. Supjiose another coordinate 
system {r\y\z') is fixed in the body. Then 
ilie two systems may be made coincident by 
three successive rotations, ai)j)lied in the ap- 
proju'iati' onler, and the tliree angles of rota- 
tion are the Euler angles. Tlie order of ))er- 
foiming the rotations and the symbols for the 
angles have been given in different ways by 
various authors so that some eonfu'-ion exMs 
in the literature of mechanics, where the^e 
parameters are mo^t frequently used, as to 
tlie definition of the angles. (See also Euler- 
Rodrigues parameter, Caylcy-Klein parame- 
ter.) 

EULER CRITERION. S( e Euler reciprocity 
relation. 

EULER EQUATION. 1 lie condition that the 
integral 

I /(.T,7/,7/')d.r 

I 

have a stationary value is 

01 d 01 

^ 0. 

Oy dx Oy' 

A solution 7/ = /(a) satisfying this equation, 
if it exishs, is an extremal and is a maximiz- 
ing or a minimizing curve. tSec calculus of 
variations.) 

EULER EQUATIONS OF MOTION. For a 

rigid body with one jioint fixed and coordi- 
nates fixed in the body and coinciding wntli 
the principal axes, the equations of motion 
of the body can be written as 


Jxx^x "I" — Lx 

^yi/^U “ 1 “ = Ly 

Izzioz + {lyy — Ixx)oyx<^y = 

where lyy and /*. arc the moments of 
inertia about the principal axes, Lj., Ly and A. 
are the components of torque about the jirin- 
cipal axes, o),, and are the components 
of the angular velocity about the principal 
axes. (See moments of inertia; rotational 
motion.) 


EULER FORMULA (COLUMNS). A for- 
mula which gives the maximum axial load 
that a long, slender ideal column can carry 
without buckling. An ideal column is one 
which is porfoctly straight, homogeneous and 
free from inilial stress. This maximum load, 
souietiuK's calk'd the critical load, causes the 
column to be in a stale of unstable ecjuilib- 
iium, that is, an> increase' in tlu' loads or the 
introduction of the slightest lateral force will 
eaiHc the column to fail by buckling. The 
JOuk'r formula for columns is given below. 


KT^Ef 



in which P - maximum or critical load, E = 
modulus of elasticity, 1 - moment of inertia 
of croK^-sect lonal area, I un'^upportod length 
of eulimm, K — a constant whose value de- 
]Hnds u])Ou the conditions oi ('iid support of 
the eolumu. For lioth ends free to turn K - 1 ; 
for both ends fixed, 7v - 4; for one end free 
to turn am] the other end fixed K — 2 apjiroxi- 
mately, and for one (‘nd fixed and the other 
end free to mow laterally K — 

EULER INTEGRAL. See beta function and 
gamma function. 


KULER-MACTAURIN FORMULA. An 

('(]mitioi] for (valnating a definite integral, 
if f(x) in kn^^AIl I'xplicitly and its derivatives 
are finite at both limits of the integral, or if 
the derivatives may he determined nuirier- 
ir'ully, the formula may be used. Its form is 



Vo 

2 


+ 2/i + 2/2 + * * ' + -- 

2 J 


-z 

t (111 L 


-‘•’“I 


where ijo and y„ are values of f(z) at x — a 
and X ^ b, respectively; i/j, 1/2, • • • are inter- 
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mediate values at equally spaced intervals h 
of the independent variable; are ,tlie 
Bernoulli numbers; and arc the 

fc-th derivatives at x -- b and x ~ a, respec- 
tively. The formula may also be used to 
evaluate the finile sum indicated by the first 
term on the right-hand side of the equation, 
provided the integration can be performed. 

EULER-MASCHERONI CONSTANT. See 
gamma function. 

EULER METHOD FOR NUMERICAL 
SOLUTION OF A DIFFERENTIAL EQUA- 
TION. An iteration method for solving a 
differential equation, ?/' — J(xjj), wlu re ini- 
tial values of Xo, .Vo, arc known. If the 
interval between successive values of the 'in- 
dependent variable is small enough to \vrit(‘ 
A.r =■ /?, then an npjiroximate solution of the 
differential e(iiialion at Xi - .To + fi is ^7/1 — 
yo + hy'o. An apj)ro\inKUi()n to ?/' at .ri is 
y\ = f(x,^yi), w’hieh givi's an improved value 
. of 7/1, ^y^ =: 7/0 + (h/ 2 ) (//i + //'ol. The 

process is tlnm re])eated. The method just 
described is aelually a modification of that 
pro})OScd by Euler. ITuAvever, both it and 
the original Euler method are slow^ in con- 
verging and give results of hnv accuracy. 
While they are suitable for si ar ting the solu- 
tion of a diiferential ef|uation, more accurate 
methods are ]u-eferrcd for continuing the solu- 
tion. 

EULER RECIPROCITY RELATION. If Z 

is a single-valued function of the variables 
X and //, the total or exact di(T(*rential dZ may 
be written 

(IZ - Xdx + Ydy, 

where A" and Y are also functions of x and y. 
Then it can l)e shown that 



Tliis is known as the Euler criterion, or reci- 
jmocity relation. It is useful for deriving 
thermodynamic relationships, e.g., tlio Max- 
well relations. 

EULER-RODRIGUES PARAMETER. One 
of four parameters used to d' -eribc the orien- 
tation of a rigid body, Thc^ are functions 
of three direction cosines and they fonii the 
components of a quatemion. (See also Euler 
angle, Cayley-Klein parameter.) 


EULER THEOREM ON HOMOGENEOUS 
FUNCTIONS. See function, homogeneous. 

EULERIAN ANGLE. Sec Euler angle. 

EULERIAN COLUMN. Sec Euler formula 
(columns). 

EULERIAN METHOD OF ANALYSIS OF 
FLUID MOTION. The method of analysis 
of fluid motion which considers the distribu- 
tion of fluid velocities in space as a function 
of time. In general, the method is bett(T 
suited to the analysis of fluid motion than the 
liUgrangian method. 

EUROPIUM. Rare earth metallic element. 
Symbol Eu. Atomic numb('r 6.‘I. 

EUTECTIC. A minimum temperature and 
corres])()uding composition (in other wonis, a 
minimum point upon a temperature-composi- 
tion diagram) at which a lifjuid corwisting of 
two or more componenls is in eciiiilibrium wutli 
its components in the solid >late, or wdth a 
parlicular group of solid substances derived 
from its comi>oiients, and winch may include , 
one or more ek'incnts, compounds or solid 
solutions. Alaterial of this composition is 
ofti'ii called an “(Mitei'tio”; and the tempera- 
ture* of this i)()int is sometimes called the 
eutectic tem])ej-ature. It repre^'cnts the low’est 
melting [luint of tiu; system This tempera- 
ture is consuinl, and is analogous in many 
respects to constant boiling mixtures of 
luiuids. 

EUTECTIC HALT. An arrest point in the 
equilibrium diagram of two or more compo- 
nents, (IiK* to the aiqiearancc of the eutectic 
mixture'. 

EUTECTOID. A point that has the same 
])roperties as a eutectic, hut occurs in a com- 
pletely soliel region. 

EV. Abbreviation for electron volt. 

EVAPORATION. The conversion of a sub- 
stance from tljc liquid state into the vapor 
state. 

EVAPORATION OF ELECTRONS. The 

coeiiing at a surface due to the loss of electrons 
from that surface. 

EVAPORIMETER. An instrument for meas- 
uring the rate of evaporation of water into 
the atmosphere. 
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Evasion Coefficient — Exchange Energy 


EVASION COEFFICIENT. A factor which 
expresses the number of milliliters of a gas 
under standard conditions evolved per minute 
from one square centimeter of the surface of 
its solution in a liquid. 

EVEN-EVEN NUCLEI. Nuclei which con- 
tain an even number of protons and an even 
number of neutrons. 

EVEN-ODD NUCLEI. Nuclei which contain 
an even number of protons and an odd num- 
ber of neutrons. 

EVEN TERM OF ATOM. A term for which 
Mjiumed over all the electrons of the atom, 
(‘Von. Tlio eigenfunctions for e\on terms 
remain unchanged for a rellection of all ])ar- 
ticles at (ho origin. 

EVENT, ABSOI.UTE FUTURE OF. See 
absolute future of an event. 

EVENT, ABSOLUTE PAST OF. See abso- 
lute past of an event. 

r.VJEN MF/niOD. A nu'thod for the evalua- 
hoii of lattice sums in which eharLU'-^ of op- 
posite .‘^igiis an* taken together in neutral 
groups, so tliat the eoiiti ihution of eacli group 
is small and tlie sum eonverges rapidly 

EVOLUTION, The operation of extraeting 
a root of a lunnher Tt is the ])i‘Occ‘j>s inverse 

to involution. 

EWALD METHOD. A technique for eval- 
uating lattice sums in which the series are 
made rapidly convergent h}^ eeitaiii mathe- 
matical de\ ices. 

EWALD-KORNFELD METHOD. An ex- 
tension of the Ewald method for lattice .sums 
to dipole arrays. 

EWING THEORY OF FERROMAGNET- 
ISM. Ewing was one of the first to attempt 
to explain ferromagnetic plicnomena in terms 
of the forces between atoms. He assumed 
that each atom was a permanent magnet free 
to turn in any direetion about its center, and 
assumed the orientations to depend only on 
magnetic forces: ajijdied fields and mutual 
interactions. Ilis theory leads to good quali- 
tative results, such as the hysteresis curve, 
hut quantitatively is unsatisfactory by several 
orders of magnitude. 

EXALTATION. The positive difference be- 
tween the observed and the calculated values 


of the molar refractivity of a substance. (See 
optical exaltation.) 

EXALTED-CARRIER RECEPTION. An 
amplitude-modulation receiver system which 
maintains the carrier level at a high value at 
all times to decrease selective fading and the 
resulting detector distortion One way in 
which this may he achieved is by the syn- 
chronization of a local oscillator by the car- 
rier for the ])un)()se of obtaining a constant- 
amplitude voltage of carri< > frequency which 
may he u>C(l to drive the detector. 

EXCESS CONDUCTION. In a semicon- 
ductor, conduction by excess electrons, for 
example, iiy (‘l(‘ctron> introduced by donor 
impurities and pronioti'd to th(‘ conduction 
band. 

EXCESS ELECTRON. Tn a semiconductor, 

an (‘lectron which r('presents an excess over 
and above tliosc rr fpiired to complete tlie bond 
4nieture in tlu* neighborhood. 

EXCESS PRESSURE OF SOUND. The in- 
•-tantancous pn'ssure (see pressure, instan- 
taneous) at a ])()mt m a sound waue minus 
the hydrostatic pleasure. (See pressure, hy- 
drostatic.) 

EXf^ESS .'I CODE. \ code for numerical dal a 
in wliicli each (h'cimal digit r/ is represented 
hy th(* })inaiy number (d [ tl). 

EXCHANGE DEGENERACY. An exchange 
procc*-^ winch d()(*s not entail a change in value 
or fontigui ation. I'or example, by the licit ler- 
Loiidon llu'ory, the c's-ential reason for the 
strong attraction (or repulsion), oi the tw^o 
IT-atonis in the Hj luolecuU* is the exchange 
(legeiaTa(*y, ie., Die fact that for very large 
internuclcar distjmee, by (‘xeliange of the two 
ek'ctrons of the iwo a(om*« a configuration 
results Diat is indistinguishable from the orig- 
inal eonfiguration Therefore*, as they ap- 
proach, an interaction bctw’ccn th(*m arises 
wdiich may be treated mathematically as elec- 
tron exchange. 

EXCHANGE ENERGY. A s])ccifically quan- 
tum-mechanical offi'ct (see quantum mechan- 
ics) whicli has no classical analogue. It is 
duo to the intern ction betw^eon two systems 
that arises, oi could arise, from the continuous 
exchange of a particle between them. Sup- 
pose, for example, that two electrons are in 
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states that allow them to come close together. 
Then, because they are indistinguishable par- 
ticles, one could not tell the difference if they 
exchanged states. That is, one must combine 
with the original descrii)tioTi (i.e., wave- 
function) a function in which the electrons 
have actually changed ])laccs. It can easily 
be shown that two such combined stales are 
possible — the symmetric and antisymmetric 
combinations — and that in each of the.se the 
energy is significantly different from that of 
the original state. Tlie magnitude and .«ign of 
the effect depends upon the exchange integral. 
Excliangc energy is the origin of covalent 
bonding, of ferromagnetism and antiferromag- 
netism, probably of mielcar forces (wliere ex- 
change energy could arise by exch.ange of -jt- 
mesons between nucleons, giving rise to’ an 
effective potential which involves an operator 
wdiieb exchanges the spins, isotojiic .spins 
and/or positions of the jiarticlc's) and of nu- 
merous otlu'r pliysieal phenonnma. 

EXCHANGE INTEGRAL. An expression of 
the fonn 


//' 


4'i*{ra)'p2*irb) 
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where ipij are elect ronic wave functions. It 
can be thought of as the Coulomb inleraolion 
betwa‘(»n the stale in w'hi<*li electron a, at r„, 
has wave fund ion i//i and (‘ledrori b has ww'o 
fiinet'ion i/zo, aiul the stale in which the elec- 
trons hav(' iiitercl\arig(Mi places. (See ex- 
change energy.) 


EXCHANGES, PREVOST LAW OF. See 
Prevost law of exchanges. 


EXCITATION BY ELECTRONS, PROB- 
ABILITY OF. The number of excited atoms 
per unit electron current per unit path length 
per unit pressure at 0°C. 

EXCITATION, CUMULATIVE. See cumula- 
tive excitation. 

EXCITATION CURVE. In nuclear physics, 

a graphical relationship betw^ceii the energy 
of the incident particles or photons, and the 
relative yield of a specified nuclear reaction. 

EXCITATION CURVE, THIN TARGET. 
A nuclear excitation curve in which tlie ordi- 
nates are proportional to the cross sections for 
the specified nuclear reaction. 

EXCITATION CURVE, THICK TARGET. 
A nu(*Iear excitation curve for an infmitely- 
thick target. 

EXCITATION DRIVE. A signal voltage ap- 
plied to the control electrode of an electron 
tul)e. 

EXCITATION ENERGY. Tlie energy nec(\s- 
sary to change a system from its ground state 
to an excited state. Of course, for each ex- 
cited stat(' there is associated a corresponding 
excitation energy. 

EXCITATION FUNCTION, ATOMIC. The 
cross section for the excitation of an atom 
to a paiiieuUir excited state expressial as a 
function of the incident electrons. 

EXCITATION FUNCTION, NUCLEAR. 
The cross seel ion for a particular nuclear re- 
action expressed as a function of the energy 
of the incident particle or ])hoton. The term 
excitation function is sometimes used also as 
a synonym for excitation curve. 


EXCITATION. (1) Addition of energy to a 
syst(‘iii, wher(‘l)y it is transfoiTcd from its 
ground state to a stat(* of higher energy, called 
an excited .state. (2) The field excitation of 
dynamo niachin(*s, meaning the current or 
voltage of the field circuit. (3) In elect ron- 
tube circuits, tlie input signal of any stage is 
commonly called the excitation. Thus in a 
radio receiver, the signal picked up by the 
antenna supplies the excitation for the first 
stage, the output of the first •supplies the ex- 
citation for the next, and so on 


EXCITATION PURITY (PURITY). The 

ratio of the distance from the reference point 
to the jioint representing the sample, to the 
distance along the same straight line from the 
reference point to the spectrum locus or to 
the purple boundary, both distances being 
measured (in the same direction from the 
reference point) on the CIK chromaticity dia- 
gram. The reference point is the point in the 
the ehrornatieity diagram which represents 
the reference standard light mentioned in the 
definition of dominant wavelength. 


EXCITATION ANODE. See description un- EXCITATION, SHOCK. The type of ex- 
der excitron. citation supplied by a voltage or current varia- 
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Excited — Expansion 


tion of relatively short duration. The term is 
also used to indicate the initiation of motion 
in a mechanical system by an impulse of short 
duration. 

EXCITED. As applied to a molecule, atom 
or nucleus, the lerni excited means having? a 
higher energy ilian in the ground state. 

EXCITED FIELD LOUDSPEAKER. Sec 
loudspeaker, excited field. 

EXCITER, (i) In antenna terminology, the 
portion of a transmitting array (sec array, 
transmitting), of the type which includes a 
reflector, which is directly connected with the 
souree of power. (2) In transmitters, tlie 
oscillator wdu<h su})plies the earner or sub- 
cairicT frequency voltage to drive the stages 
which uliiinatoly lead to the final power out- 
put ^tjige In FM sy-tcnis tins unit includes 
all the frc'fiuencv generating, modulating and 
lio(|uencv nm]tij)]ying circuit^ of the trans- 
inittiT (3) In photoelectric reproduction of 
tilm, the lamj) which supplies a light source of 
constant amplitude (DA generator usiul to 
sup[)lv th(‘ field cuinnts of a larger direct cur- 
rent generator or of an alternator. 

EXCITING CURRENT. Synonym for mag- 
netizing current. 

EXCITING INTERVAL. In magnetic am- 
plifier Icrminoloey, tlic portion of the a-(3 
sujiply cycle in which tlie supply voltage 
ah^oibetl by the gate winding. The magiu- 
tiide of this interval \aiies in^erscly with the 
magnitude of average gate current. 

EXCITING REGION. The region in the 
control eharactei’istie of a magnetic amplifier 
where the gate current is determined pre- 
dominantly by the magnetizing current rather 
than the control current. 

EXCITON. A combination of an electron 
and a hole in a semiconductor or insulator in 
an excited state. The hole beha\es as a [)Osi- 
tive charge, and it is supposed that the elec- 
tron is attracted to it to form a state akin to 
that of a hydrogen atom. The probabilitv of 
the electron falling into the hole is limited 
hy the difficulty of losing the excess energy, 
so that the exciton may have a relatively long 
life. The existence of the?>e states mriy be 
inferred from the absorption of light asso- 
ciated with their excitation. fCf positron- 


ium.) Alternatively, an exciton may be 
thought of as an excited state of an atom or 
ion,' the excitation w'andering from one cell 
of the lattice to another. 

EXCITRON. A steel-tank, single-anode, mer- 
eury-pool calhode-rcctifier wdiich employs a 
solenoid-operated mercury jet to initiate the 
arc. Energization of the solenoid throws a 
j(‘t of mercury from the pool Ufiw^ards to the 
excitation electrode. When the mercury falls 
hack, an arc is formed and the cathode spot 
IS kept ali\e hy an auxiliary d-c pow’cr source 
sui)})lyinp the excitation anode The grid may 
then be used to determine tlie time of firing 
of the mam anod(\ 

EXCLUSION PRINCIPLE. Sec Pauli exclu- 
sion principle. 

EXIT PUPIL. The image of the aperture 
stop as view’cd from tlu image. 

EXIT SLIT. \ narrow opiming in an opacpie 
•-creen , vnIumi a spectrum is produced U])on the 
scHH'ii, hv a spf'(‘ti()m('l('r, (he •-lit jiasses only 
a small poilion ol the siieetniin, which is Ihen 
fociis^ud onto a didector. 

EXOERGIC. Tl i(' same as exothermic, i e , 
giving foith heat or energy. (See disintegra- 
tion energy, nuclear.) 

EXOSMOSIS. All osmotic process hy wdiich 
a (!itlu‘'il)J(‘ substance ])ass(‘s from the inner 
or clo'^cd, to the outer fiarls of a sy.slem, as m 
the loss of suh^taueos from a portion of a 
jdaiit root \o water m the surrounding soil. 

EXOTHERMIC CHANGE. A physical or 
chemical (diange which proceeds with the de- 
^(dopment of heal. 

EXPANDP]R. The part of the communication 
circuit designeci to (‘Xjiand the volume range 
back to the original value as it is normally 
eomjiressed for transmission 

EXPANDING UNIVERSE. Non-static ieo- 
Iropic homogeneous model of the universe de- 
scribing the mutual recession of nebulae and 
not m (iisagi cement with the observed density 
of matter. Rased on the Einstein law' of grav- 
itation including the cosmological constant. 

EXPANSION. Commonly a process in wl.ich 
a constanl mass of a substance undergoes an 
increase in size (length, width, area or vol- 
ume). In thermal expansion this is brought 
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about by raising the temperature of the sub- 
stance. 

Each molecule of a body of matter in -any 
state appears to monopolize a coitain amount 
of space which, while it cannot be accurately 
called the volume of the molecule, does repre- 
sent the contribution of that molecule to the 
volume of the whole body. The molecules are 
in a state of agitation; and it is to be expected 
that the si)ace which any molecule monop- 
olizes, or keejis clear for itself, will be larger, 
the greater the amplitude of its oscillations. 
Here is the fundamental reason for the ex- 
pansion of bodies with rise of i<‘mperature. 
(Sec heat.) 

The rate of expansion of a substance with 
temperature has ])cen expre^scvl by several 
different ^‘expansion coefficients.” The ’one 
now usually (anployed, as regards cliange of 
volume, may be defined a^ tlu* rate of change 
of the volume of a body of tlie substance with 
respect to lempciatiire, divided by its volume 
at a sfiecified reltTence temperature: 

do 

a„ = - /ro. (1) 

at 

Thus for iron at ordinary tc'mperaturos, is 
about 0.00()()3() per degree (‘('iit igrado. While 
not strictly constant, it is nearly enough so for 
ordinary purposes. By integration of (1) the 
volume at any temperature / is 

V = ro(l + ad). (2) 

Tlu'se statei/Huils apply alike to solids, liquids, 
and gases. ITe fact that the coefficient is 
nearly the same for all gases is ex]u*essed by 

the Charles law. 

For solids one may aKo define a linear (*x- 
pansion coefficient, relating to tlio cliange in 
any one dimension /, thus: 

dl 

ai = - /lo, (3) 

(it 

from w^hich the value of that dimension at any 
temperature / is 

Z = Zo(l + ait), (4) 

Since for an isotropic solid the volume at a 
given temperature is proportional to the cube 
of any dimension, it is easy 1 i show that 


Zo- 


But for moderate temperatures Z and Zo are 
nearly equal, hence, practically, the volume 
coefficient is three times the linear. Thus the 
linear coefficient for iron is about 0.000012 
per degree centigrade. 

If from the known thermal capacity of a 
solid one can dc‘fluct tlie calculated energy 
corresponding to change of thermal agitation 
in all the atoruie degrees of fre(*dom, and also 
the energy expi'nded in (‘xpansion against the 
external pressure, the remainder may be taken 
as representing the work of expansion against 
cohesion, and hence used as a means of cal- 
culating the “internal pressure” arising there- 
from (Se(‘ adhesion and cohesion.) 

EXPANSION, ADIABATIC. An expansion 
of a substance or system of substances with- 
out gain or loss of l)t‘at by the substance or 
system 

EXPANSION COEFFICIENT. See expan- 
sion. 

EXPANSION OF SOI. IDS, MEASURE- 
MENT OF LINEAR. Th(‘ various methods 
for determining the cot'fficieiit of linear ex- 
pansion depend mo-'tly on (•ompaii‘'On of tlie^ 
change* m hmgth of the sample iindcT investi- 
gation with a standard substance. If the 
sample is available m rod form, a sinqile 
comparator rnetliod can be used in winch 
ilic clianee of lentiili is measured against a 
rod or lube of the standard substance. The 
P'izeau method use s a sample in form of a 
disc witli ])lane-])aral]el surfaces The uppeT 
surface is opposed by a glass plate which, 
close to the sample, ivsts on supports of the 
standard snbstane*c. The differential expan- 
sion is then observed through the movement 
of fringes, owung lo the variation of the air- 
gap betw'een sam[)le and glass plate Essen- 
tially the same arrangeinenf is used in an elec- 
trical method in w’liieh the top surface of the 
sample and the bottom surface of the glass 
plate are metal-coated to fonn a condenser. 
By making this variable condenser part of a 
resonant circuit the differential expansion can 
be measured with great accuracy 

EXPERIMENT. An o])cration conducted for 
the purpose of determining some unknown 
fact or of obtaining knowledge concerning a 
general principle or truth. 

EXPLOSION METHOD FOR SPECIFIC 
HEAT AT CONSTANT VOLUME. The gas 
under investigation is enclosed with a known 
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amount of explosive mixture into a bomb 
which is closed by a corrugated steel mem- 
brane, acting as manometer. The maximum 
temperature reached on ignition is deduced 
from the adiabatic pressure change. If Q is 
the heat of reaction, the initial and fo the 
final temperature, Q = (^2 - ti) {Wi + W 2 ), 
where Wi is the heat cape city of the gas and 
Wn that of the combustion products. 

EXPONENT. The power to which an alp- 
braic expression is raised. It can be positive 
or negative, integral or fractional. Same as 
index. (See power and indicial equation.) 

An exponential function is transcendental, 
an example being y - ab'”y where a, b are 
constants and x is the independent varia]>le. 

EXPONENTIAL ABSORPTION. Ste ab- 
sorption, exponential. 

EXPONENTIAL CONNECTOR. An acous- 
tic connecting tube whose cross-sectional area 
increase's cxpomuitially witli the distance from 
one en<l. 11 is ummI to increase Iransmi'^sion 
between tub(\s of diff(‘rent cross-sect ion On 
tlie ba>is of horn theory, tlio powcT IranMiiis- 
sion ratio for an exponential connector of 
length / and cross-scctional area S = No (‘xp 
i//.r is gi\en by 

1 

Pr = 5 

1-1 — -- Fin'-’ (/VF - w’V-* ) 

.r(/v’“ — vi‘/x) 

wluTe k = 2ir/ X (X =■ Nvavok'iigth). 

EXPONENTIAL DECAY. Sec decay, ex- 
ponential. 

EXPONENTIAL HORN. See hom, exponen- 
tial. 

EXPONENTIAL LINE. Sec transmission 
line, exponential. 

EXPONENTIAL PILE. An assembly of fis- 
sionable material and moderator which con- 
tains too little fissionable material to sustain 
a chain reaction. When used w'itli an ex- 
traneous source of neutrons, it proAudes in- 
formation about the material buckling from 
measurements of the steady-state thermal 
neutron flux distribution throughout the as- 
sembly. 

EXPONENTIAL WELL. Sec potential, nu- 
clear. 


EXPOSURE, ACUTE. Radiation exposure 

of short duration. 

% 

EXPOSURE - DENSITY RELATIONSHIP. 

The response' of a sensitive material, as shown 
by the relationship between density and cx- 
IKisuH', is usually represented by a curve in 
Avliicli density is plotted against the logarithm 
of tlic ex]i()sure. This curve is known as (1) 
the D tog hJ curve; (2) the II d' D curve, after 
Hinder ct Driflicdd, two English investigators 
wlio w(‘re the first to plot sueh curves; and 
(3) as llif* characteristic curve since it indi- 
cates Mie iirincipal characteristics of a sensi- 
tive nuiti'rial iri'-ofar as the relationship be- 
tween exposuie, development and density is 

(‘onciTned. 

• 

EXPOSURE METER. An instriimiuit used in 
measuring light for tlic jmrposc of determin- 
ing Ihc iiropcr photographic exposure. The 
nu'asurement. may be made by observing the 
outjiut of a ])hot()C(‘ll which transforms light 
into an electric current or in a more simple 
type by visually comparing the radiation with 
a sU‘p gray scale. Some ex[)osuro meters are 
design. '(1 to measure the light reaol’.ing the 
sulijeet, wliih' others measure the light re- 
flected by (he subject. Most exiiosure meters 
include some sort, of com])uling system for 
translating the nu'asurenu'nt into the best ex- 
posure time and f-number to be used with 
film of a given speed. 

EXPOSURE, PHOTOGRAPHIC. The prod- 
net of illuminance I and time t of ('xposure. 
This diTinition assumes that tlie reciprocity 
law holds. SometiiiK'-. tlie exposure is taken 
as //?’, wliere 7; is a constant of the particular 
jiholographie emulsion and has a magnitude 
approximately equal to unity. 

EXPOSURE TIME. The interA^al during 
w'liich the n^eeiver is irradiateri. It is impor- 
tant to distinguish tliis term from exposure. 

EXSECANT. Tf 0 is an angle, exsecant S - 
exscc 0 - kScc ^ . 

EXTENDED CUTOFF TUBE. A remote- 
cutoff tube. 

EXTENSIVE SHOWER. See shower, ex- 
tensive. 

EXTERNAL FEEDBACK, Synonym for ex- 
trinsic feedback. (See feedback, extrinsic.) 
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EXTERNAL TERMINATION (OF THE f'TH 
TERMINAL OF AN n-TERMINAL NET- 
WORK). That passive or active two- terminal 
network which is attached externally between 
tlie ;th terminal and the reference point. 

EXTINCTION COEFFICIENT. See the 
Beer law and the Bouguer law. 

EXTINCTION PHOTOMETER. A pho- 
tometer in which the luminous intensity of a 
source of light is judged by tlie thickness of a 
given absorbing material neccssaiy to render 
it just invisible. 

EXTINCTION POTENTIAL. The lowest 
anode voltage whieli will cause a '=ielf-sustained 
discharge in a ga.s-discharge lube. 

EXTRACT INSTRUCTION. In a digital 
computer, the mstnietion to form a new' w'ord 
by juxtaposing s(‘lceted segments of given 
wmrds. 

EXTRAORDINARY GLOW. See abnormal 
glow. 

EXTRAORDINARY INDEX. The index of 
refraction for the extraordinary ray in a dou- 
ble refracting eiystal nu'asured perpendicular 
to the optic axis (in which direcliori its value 
differs most from the ind(*x for tlie ordinary 
comjionent) . 

EXTRAORDINARY RAY. If an unpolarized 
ray of light strikes the surface of a ealeitc or 
otlier double-refracting crystal normally, it 
will be divided into tw’o transmitted rays. 
()ne ray, tlu' ordinary, will not he bent, while 
tlie other ray, the ('xtraordinary, will be bent 
on enti'ring the crystal. Rotation of the 
crystal about the entrant ray causes the ex- 
traordinary ray to rotate alioiit tlic ordinary 
ray. The extraordinary ray is a doubly-re- 
fraeting eiystal has its electric vector in the 
principal plane 

EXTRAORDINARY-WAVE COMPONENT. 

The magneto-ionic wave component in w'hich 
the electric vector rotatCvS in the opposite sense 
to that for the ordinary-wave component. 

EXTRAPOLATED RANGE. Sec range. 

EXTRAPOLATION. Any t process by wliich 
the value of a function is cAiraated for a 
value of the indejicr lent \ariable outside of 
the range in wdiieli die function bus been 
determined. 


EXTREMAL. See calculus of variations and 
maximum. 

EXTREME PATH. See Fermat principle. 

EXTREME RELATIVISTIC LIMIT. Limit 
to w'liieh a formula describing the behavior 
of a particle tends wdien the energy of the 
particle is large compared with its rest energy. 

EXTRINSIC PROPERTIES (OF A SEMI- 
CONDUCTOR). The })r()perties of a semi- 
conductor as modified by impuritie.s or im- 
perfections within the crystal. 

EYE LENS. Sec discussion of field lens. 

EYE OF STORM. At the center of a hurri- 
cane there is usually a very small area in 
W'hich winds arc light and the sky nearly clear. 
This is known as the t‘ye of the stonn. A 
similar “eye of the storin’^ sometimes exists 
in teuij)erate-zone cyclones. 

EYEPIECE. The lens, or system of lenses, 
w'hieh IS closest to the eye in an ojitieal in- 
striiiiient siicli as a telescope or a microscope 
IS known as the eyepiece or ocular. The eye-^ 
j)icce is usually a magnifying device used for 
the purpose of detaih'd ('\iimination of the 
iv'al linage formcfl by tlie objective of the in- 
strument. It is usually designed to act as a 
collimator to the liglit from the oliieetivi' so 
that the light from each point of the image 
formed by the objective emerges in parallel 
or nearly parallel rays. 

EYEPIECE, CODDINGTON. Sec Codding- 
ton eyepiece. 

EYEPIECE, HUYGENS. An ocular consist- 
ing of two thin lenses of the same sort of 
glass, and separated a distance equal to one 
half the sum of their focal lengths. This 
ocular is fn'O from chromatic aberration with 
respect to focal length. It is not good for use 
witli cross-hair lines. 

EYEPIECE, KELLNER. See Kellner eye- 
piece. 

EYEPIECE MICROMETER (MEASURING 
EYEPIECE). A finely-divided scale placed 
m the focal plane of the eyepiece of a micro- 
scope for the purpose of measuring the dimen- 
sions of objects viewed with the instrument. 
Sometimes a removable cross-hair line is pro- 
vided, and its position is adjusted by a mi- 
crometer screw. 
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EYEPIECE, NEGATIVE. An eyepiece that 
is placed inside the principal focus of the ob- 
jective, such as the Huygens type. 

EYEPIECE, POSITIVE. An eyepiece which 
is essentially a simple magnifier focussed upon 
ft real image from the objective, such as the 
Ramsden eyepiece. 

EYEPIECE, RAMSDEN. The Ramsden eye- 
piece or magnifier commonly used in instru- 
ments with cross-hairs consists of a combina- 
tion of two converging lenses of equal focal 
length separated by a distance equal to two- 
thirds of their common focal length. The 
real image of the objective lens and the cross- 
hairs shouhl be ]daccd about one-fourth the 
common local length from the field lens of the 
eycifiece. Two plane convex lenses with con- 
vex sides adjacent to each other \^ill give de- 
creased aberrations. The total magnifying 
power of a Ramsden eyepiece is efuiivalent 
to tliat of a singh' lens of a focal length three- 
fourths of that of either of the two hmses. 

EYKMAN FORMULA. An empirical rela- 
tionship for the molal refraction of a liquid, 
of the fonn: 

- J) _ V{n^ - 1) 

ri(7’i 1- 0 1 

in which R is the molal refraction for a given 
optical freciuency, is the index of refraction 
lor that freciueney, M is tlie molecular weight, 
V is the molecular volume, and d is the 
density. 


EYRING FREE VOLUME THEORY. A 

theory that seeks to account for the properties 
of a* liquid by assuming that each liquid mole- 
cule may move freely within a certain free 
volume, but in the liquid state all holes are 
availal)le to the molecules, in distinction to 
the solid state. 

EYRING GENERAL ENERGY EQUATION. 

The energy level in a room, initially at Eo, is 
given as a function of tlie time t (measured 
from the cutting oft' of the sound source) as 

fs lot' n a'St 

E = EqC 4\ , 

where a = average sound absorption coeffi- 
cient of th( walls, c = V(d(>eity of sound, s = 
surface area of room, V ~ volume of room. 

EYRING TREATMENT OF DIFFUSION. 

I)ifiu‘'ion tak(\s p]acv‘ through the formation 
of holes in th(‘ liquid into which the diffusing 
molecules can mo\e. The ratio of the dif- 
fusion coefficient to the fluidity is proportional 
to the absolute tempi'raturc, i c., the activa- 
tion energy for diffusion is equal to the activa- 
tion energy for liquid flow. 

EYRING TREATMENT OF VISCOSITY. 

The rale of yielding of a liquid in response to 
an applied shear stress is assumed to be pro- 
portional to the rate of fonnation of holes in 
the li(]iiid Jt follows that the activation en- 
ergy for liquid flow should be of the same 
order of magnitude as the heat of vaporiza- 
tion. 


F 


F. (1) Function (/). (2) Force {F or /). 

(3) Formality (F). (4) Frequency (/). (5) 

Photoelectric threshold frequency (/o but m is 
preferred). (0) Fugacity (/). (7) Faraday 

constant or equivalent {F). (8) Farad (unit 

of electrical capacity) if or F). (9) Faraday 

(unit of electrical quantity) (F). (10) Mag- 
netomotive force (f?). (11) Degree of free- 
dom (F or /). (12) Free energy, a common 

usage, but G is used in this book (F). (13) 

Resonant frequency (/,). (14) Distribution 

function (/ or F). (15) Focal length of ob- 
ject space (/). (1(3) Focal length of image 

space (/')■ (17) ITyjHn-fine (luantiim iminher 

{F). (18) Luminous flux (F). (19) Relative 

humidity (/). (20) Narrow, fine spectral 

structure (/). (21) Type of electron with 

an azimuthal quantum number of 3 (/). 
(22) Spectral term symbol for L-value of 3 
(F). (23) Ilyperfine ciuaiitum number, sum 

of J and I (F). (21) Rotational jiari of the 

energy of a mohn-ule (F). The usage in (24) 
assumes separability of tlie energy into three 
parts, T Tc + (• 4- F, expressed in kaysers 
or megacycles. (25) Abbreviation for fila- 
ment on diagrams of vacuum-tube circuits 
(f or F). 

F-Bx\ND. The o[)fical absorption band char- 
acf('ristic of F-centers in alkali halide crystals. 


F REGION. The region of the ionosphere 
above the E region. 

F^'-SERIES. St e Patterson-Harker method. 

f-SUM RULE OF THOMASREICHE- 
KUHN. The exjiression: 

Ea - Ea = 2 

a e 

where tlic first sum refers to all possible ab- 
sorption transitions of a given atom in a given 
state, and the second sum to all cmi‘:>sion 
tran‘>]tions of this slate, and Z is the miinlxT 
of “effective” electrons pcT atom (For neon, 
Z is beiweim one and two, since only one, or 
at the most, two electrons take part in absor})- 
tion.) 

F/SYSTEM. A method of designating lh(^ 
relative aperture of photographic l(‘nses. The 
/ number expresses 1h(‘ ratio of the diameter 
of the effective iliaphragin ajicrtun' to the 
focal length of the lens. Thus, with a len^ 
having an effective diaphragm of 1" and a 
focal length of 8", the ratio is 1:8 which is 
written //8, Following tin* recommendation 
of a committee of the Royal Photographic So- 
ciety of (h'l^at Britain, at I’alios greater than 
1:4 (f/4) lenses are mai-k(‘(l ^o tliafc the ex- 
posures incr(*ase as the power of 2. Thus: 


F-CENTER. The simplest tyjie of color 
center in an alkali haliflc eiystal, consisting 
of a negative ion vacancy to which is bound 
an excess electron moving as if in a hydrogen 
atom orbit about the positiv(4y charg('d center. 
Tlie naiiK* comes from the Oennan Farbzenter, 

Fi:'(^ CENTER. See color center. 

F 2 LAYER. The single ionized layer normally 
existing in the F region in the night hem- 
isphere, and the higher of the two layers nor- 
mally existing in the F region in the day 
hemisphere. 

F-LINE. Fraunhofer line at i861.3 A caused 
by hydrogen in the atmosphere of the sun. 

F-NUMBER. See F/system, 


//uujiihcr 4 5.G 8 11.3 16 22 

llt'ltil 1 VO exposure. . . 12 4 8 16 32 

The difference in exposure for two //values 
is the ratio of the squares of the numbers. The 
difference in exposure, for example, in //4 
and //16 is 


Ifi^ 250 



FABRY AND BAROT METHOD. While the 
simplicity of the method of minimum devia- 
tion (see deviation, angle of minimum) makes 
it the most common technique for determining 
the index of refraction of a prism, Fabry and 
Barot developed a method which has certain 
definite advantages when working in the in- 
324 
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visible ultraviolet or infrared. The i)rihm of 
angle A is set up in a fixed position so that 
the entrant beam is normal to the ('mergent 
face. This can be done with visible light. 
Then the index of refraction of the prism for 
radiation detected (photographic or infrared 
detector) at an angle of deviation D is given 

i)y 

„ sin“ D 

r? — 1 + 2 cot sin Z) H ;; — 

siir A 

(See Revm d'Optique 7, 420 (1028). 

FABRY AND PEROT ETAI.ON. A multiple- 
reflection instrument of v('ry high revolving 
|H)Wcr, sirnph'r (bnn tlie ^MiclieNon type of 
interferometer. (See llol)ert‘^()n, Introduction 
to Optics, 4th Ed., page 172 ff.) 

FABRY-PEROT INTERFEROMETER. A 

multiple-beam interferometer consisting of 
two i)aral]el plates of gla^s or quartz .s(‘] Pi- 
rated a short, known distance, and ^si(h the 
Hcljaccnt. surfaces partially silvered s(i as to 
increase relh'ction without being fully opacjue. 
Thi> instnimf'ni is capabh' of very hieh resolu- 
tion of two, very close s])ectral line's. 

FACE-CENTERED STRUCTURE. A t>p( 
of crystal structure in which atoms occ'upy 
tin' corners, and centers of the faces of a cube 
or otl)er paralh'lejiiped The face-cciit(*red 
cuhie structure is clo.sc-packcd. 

FACSIMILE TRANSMISSION. See trans- 
mission, facsimile. 

FACTOR OF SAFETY, A number expressing 
die relation betAveen tlie utmost endurance (d 
a structural part, or of a complete structure, to 
the maximum actual demand that may be ex- 
pected ever to be made upon it. It is a com- 
bination of allowances made in tlie use of data. 

FACTOR THEOREM OF ALGEBRA. If 

{x — r) is a factor of a polynomial E(.r), tlien 
X = r is a zero of the polynomial function 
P(x), and a root of the polynomial equation 
P(.t) = 0. Conversely, if .r == r is a zero of 
the pol5uiomial or a root of the e(iuaiion, then 
(:c — r) is a factor of P{x). 

FACTORIAL. If n is a positive integer, 
factorial v means the product 1 •2*3 * * • It 
naay be denoted by the symbols jn or n!, but 
the latter form is generally preferred. By 
convention, 0! = 1. Generalization of such a 
product to include negative numbers or those 


w'hich are not integers results in the gamma 

function. 

P'ADE. (1) In broadcast terminology, to 
change signal strength gradually. (2) To un- 
dergo parlial loss of color of a substance or 
material on exposure to radiation. 

FADE IN. To fade to a higher signal level. 

FADE OUT. (1) To fade to a lower signal 
level. (2j A disruption of radio communica- 
tions due to severe ionospheric disturbances. 

FADEOMETER. An instrument for deter- 
mining the resistance to fading of substances 
and malerials upon ex]')r)sure to the action of 
radiant energy (commonly artificial sunlight 
or ultraviolet light) under cont roller! condi- 
tions. 

FADER. A multiph -vohime contrql used to 
fade out one channel as another channt'l is 
being faded in. The signal level is constant 
at all tiiiK's. 

FADING. The lading of radio signals is in- 
herent in tlu' transmission of such signals and 
at I)(*st can only he t>ariially eoiiijicnsated for 
in th(‘ re(‘ei\'er by ave cireuits, diversity re- 
ception, etc TIk' compensation may often 
he mad(‘ ('nlirc'ly satisfac'toiy if the fading is 
of 1h(' sim])l('st type, hut if it is selective, 
comiien'^alion is not always satisfactory. 
Radio weaves going out from (he transmitter 
travel along various fiaths to the receiver, 
some of the w^aves tra\el along the ground, 
others are r( fh'cted from the ionosphere. In 
the l)roadcast band fading is usually caused 
by signals which have been retlecleti from the 
ioiios[>hcrc combining vcctorially wdth signals 
w'hi< ii ]:ave traveled alontr the earth (these are 
ealJed respectively sky wave and ground 
wave). The sky wave does not return to the 
earth near the transmitter so there is no fad- 
ing in this region, and at great distances from 
the transmitter the ground waive has died out 
so again there is no fading due to this cause. 
In the intermediate region both weaves may 
he present and, if the phase of the tw^o signals 
is sucli that they cancel, fading results. Since 
the ionosphere is continually changing, the 
phase of tlie reflected sky wave may cause 
cancellation at one instant and addition of 
(he signals at the next. Different frequencies 
travel somewhat different paths in the iono- 
sphere so the time to reach the receiver is 
different for the different sideband frequen- 
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ci(*s. Tlius on(' frequency may reach the re- 
ceiver to add to th(* pjround wave, while an- 
other may cancel. This ])rocluces wdiat is 
knowm as selective fading and the output of 
the recc'iver is badly distorted. The other 
type of fading, in which all portions of the 
modulated w'ave are attenuated by the same 
amount, is called amplitude fading 

FAHRENHEIT SCALE. (F ) A thermo- 
metric scale devised by Fahrcnheii (1680- 
1736), on which the freezing point o[ water 
is 32 degrees, and the boiling point 212 de- 
grees, both at standard pressure. (Sec also 
temperature scale, Fahrenheit.) 

FAIRBAIRN AND TATE METHOD FOR 
VAPOR PRESSURE. Two glass bulbs A and 
contain difb'rent amounts of the liquid, that 
in A being less than that in 7>, and the -paces 
above the lifiuid contain only saturated 
vapor. Tlu' low'cr end« of the bulbs com- 
municate through a tube containing inereiirv 
W'hich thus seals tin* liquid in the bulbs, and 
allow.s the pi’essure difference between the 
bulbs to be measured. On wanning the ap- 
paratus, a iKiint will come w'hen 77 still con- 
tains lifpiid, wliile that in A has ju-^t disap- 
peared The dilf('renee in pressure, which has 
hitherto Ixaai zero, will now increase siuldenly, 
since the jiressure of the saturated vapor in 
77 increases more ra])idly w'lth temperature 
than the pressure of the iinsaturatc'd va])ur 
in A, Knowing tlie mass of substaiiee in A, 
and the volume of the bulb, the saturated 
density of vapor can be calculated. 

FALL TIME. See time constant. 

FAI.L-WIND. A w ind blowing dowm a mouii- 
tain.side; or any wind having a strong down- 
w'ard component. Fall-winds inchule the 
Foehn, mistral, bora, (de. 

FALSE CIRRUS. Cirrus resulting from anvil 
heads of thunderstorms. 

FALTUNC THEOREM. See convolution. 

FAMILY. A group of elements characterized 
by similar chemical properties such as valence, 
solubility of salts, behavior toward reagents, 
etc. The alkali family includes .sodium, potas- 
sium, lithium, rubidium, cesium, and francium. 
The halogen family consist.- (d fluorine, chlo- 
rine, bromine, iodine, and astatine. 

FAMILY, RADIOACITVE. See radioactive 
series. 


FAN-TYPE MARKER, Sec radio range. 

FANNED-BEAM ANTENNA. See antenna, 
fanned-beam. 

FAR FIELD. The acou&tie radiation field 
(sec sound field) at large distances from the 
source. 

FAR POINT OF THE EYE. The nearest 
l)oint on w^hieli the eye is focused when fully 
relaxed. 

FARAD. A unit of capacitance, abbreviation 
f or fd. The farad is the capacitance ot a 
capacitor (or (‘ondtaiser) wdiich ac(]uircs a 
cliargi' of one coulomb v\hen a steady poten- 
tial dilfcKuiee of one volt F maintained acio'^s 
its terminals. The microfarad (10 ® f) and 
the mieromierofarad (10 f) are used as 
units of eaiiaeitaiieo much more often than 
is the farad. 

FARADAY CYLINDER. Sec Faraday icc- 
bucket experiment. 

FARADAY DARK SPACE. The nunlummous 
region between the negative glow aiul the 
po.sitive column in a gas-discharge tube 
(Crookes tube) at moderate pressoro 

FARAD4Y DISC MACHINE. A copper disc , 
rotate<l so that il ‘^euts'’ the flux betw'eeii the 
poles of an electromagnet, ^‘^crves as a low 
voltage d-c generator by virtue of the induced, 
radial (deel romotive fore(‘ One output brush 
contacts th(' axle; the other, the rim beyond 
the magnet jiule-gap. 

FARADAY EFFECT. When a trans])arent 
isotropic medium is in a strong magnetic field 
th(*re is a roiation of the jilane of vibration 
of polarized light which is transmitted through 
(lie medium in the direction of tlie field The 
direction of rotation dejiends on wdiother the 
velocity of the light is parallel or antiparallel 
to the magnetic field. The angle of rotation 
a is given by 

a = o)lII 

w^here I is the length of the path traversed in 
a magnetic field of strength H and co (some- 
times C) is known as the Verdet constant. 
The Faraday effect is one of the special eases 
mentioned under rotation of the vibration 
plane. (See Robertson, Introduction to Op- 
tics, 2nd ed.) 




327 


Faraday Ice-bucket Experiment — Feather Analysis 


FARADAY ICE-BUCKET EXPERIMENT. 

If a metal bucket is connected to a p:old-leaf 
electroscope, and a charf^cd metal body low- 
ered into the pail witliout contact, the electro- 
scope leaves repel each other. AVhen the 
charged body is well inside the pail, tlie leaves 
have attained a maxiniuin separation, and 
further motion into the pail has no effect. If 
the charged body is touched to the bottom 
of the pail, there is still no change, hut upon 
withdrawal of the body the loaves retain their 
luaximum se}>aj'ation. Furthermore, the l)ody 
is found to have lost all its charge. 

FARADAY LAWS OF ELECTROLYSIS. (1 ) 

'j'he amount of (‘lu'mical decompo.sitio?i pro- 
iliiced by a current, that is, the anuninl of any 
ub^tance dej)o-ited or di‘>solved, is ]n*opor- 
fional to the (piantity (charge) of electricity 
[la'^sed. (2) The amounts of ditTerent suh- 
(]( posited or dis-^olv('d by the same 
(|uantity of ('le(*t ricity are projiortional to 
tluir clidnical e(]Uival('nt wiuglus (the eqiiiv- 
‘il(*nt vf'iglit of an element is its atomic 
weiglit di\ide(l bv its valence in tin jiarticu- 
lar state in (|m‘-tion). 

F\R\DAY LAW OF ELECTROMAGNETIC 
INDUCTION. 'The electromotive force in- 
duced in a circuit is 

(}<!> 

= - 

(11 

Avhere </> is the magnetic fln\ linking tlie cir- 
cuit. (See also electromagnetic induction.) 

FARADAY SIIIEI.D (SCREEN). An elee- 
^josiatic shiidd made of a scrii's ot parallel 
wires connect eel at oiu* end. Th<* common 
point is grounded. Eleci romagnetic waives 
are not influenced by the screen. 

FARBZENTER. See F-ccntcr. 

FARNSWORTH IMAGE DISSECTOR 
TUBE. See image dissector. 

FAST FISSION FACTOR. In reactor theory, 
the ratio of the total number of fast neutrons 
produced by fissions due to neutrons of all 
energies, to the number rcbulting from ther- 
mal neutron fission. 

fathometer. An instrument employing 
sonic echo ranging (see sonar, direction and 
ranging) to determine and record the depth 
of the sea. 


FATIGUE, tl) The tendency for a metal 
to fracture under repeated stressing consider- 
ably* heknv the ultimate tensile strength. In 
a common method of test, a polished specimen 
is rotated rapidly and subjeeted to alternate 
flexure. Iflie fatigue limit or endurance limit 
of a n»etal or alloy is that stress lielow which 
failuie will prcMimahly not occur in an infinite 
niimlxu- ot (*ycl(*s. \\ luai sueli a limit does 

not exi.st, tlu‘ ti’rm i^ often a))j)li('d to the 
stiv'ss causing fracture in a .-}X‘eified large 
niimlxT of eyelc'*. The (Muhirance ratio is 
the endurance limil divided by the tensile 
"trengtli. For mo'^t ea»*boii and alloy steels 
this ratio is a])jv oximatc'lv (' "> while for non- 
ferrous alloys it, may be le-^s than 0.25 or 
grtMi(‘r than 0 5 Shar]) notches reduce the 
< udi/ranee limit of mo'^t m;itf‘rials. Corrosion 
of th(‘ natal surface 'tiiring the cyclic .stress- 
ing le.ads to corroMon fatigu(‘, and causes a 
|>i oiiouiKX'.'l dix'Ua^e in the (Midurance limit 
in many nii'laK. (2) Sfx* also fatigue, ela.stic. 

FATIGUE, ELASl'IC. An iiKuaaase in the 
damping factor of an elastic .solid wdiich oc- 
curs .after a large nmnhcr of oscillations. If 
th(‘ sub^'tanee is peuanitti'd to ri'st, recovery 
takes plaei' and the damping factor returns 
to its normal value. (S(‘e damped harmonic 
oscillator.) 

FAULT ELECTRODE C.TTRRENT (SURGE 
ELECTRODE CURRENT). The pe.ik cur- 
leiil that flow\s thwnigh an eUxdrode under 
tault conditions, .such a*, are-haeks and load 
short-circuits. 

FCC. Ahbiaw’iaf ion for Ff'dt ral Communica- 
tions Commission. 

FEATHER ANALYSIS. A loehnique estab- 
lish' d by N. leather (lOflS; for Ihi' detenni- 
^••ition of tlie range in aluminum oi the ^-rays 
oi a s|>eei(\s by comparison of (]io ab.sorption 
curve with the ahsorpiion cur^’c of a reference 
species, usually (l^aE). It is assumed 

that the attenuation of the /?-heam by the 
amount of absorber, oxfiix'ssed as a fraction 
of the range, is the same in the limit, for the 
/^-particles under .study as those of 
Taking the range for Bi-^® as 476 ing/em^ of 
aliiminnm the attenuations of Bi^io radiations 
at 0.1 ,02,03, • • • of this amount of absorber 
are used to identify trial values of the range 
of the '^iieeies under study. These trial values 
are plotted against the numhens 0.1, 0.2, 0.3 
• • • and extrapolated to obtain a value at l.o! 


Fechner Colors — Feedback, Stabilized 
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Maximum ^-energies may be estimated from 
these extrapolated range values, as for in- 
stance by an empirical equaHon given by 
Feather. (Sec range-energy relationships.) 

FECHNER COLORS. Visual sensations of 
color induced by intermittent achromatic 
stimuli. 

FECHNER FRACTION. If tlie (‘ye can just 
distinguish an object whose brightness differs 
by an amount dH from a large field of bright- 
ness B, the conlrast sensitivity may be meas- 
ured by (iB/Bj sometimes called th<‘ Fechner 
fraction. 

FECHNER LAW. Se e Mackenzie equation. 

FEED. To j)rovido a signal at some jmijit. 

FEEDBACK. (1) Fecdhac'k, or the* transfer 
of energy from a liigli level point to a low 
level point, in communications circuits may 
be either jiositive (U' negative. Iki^ilive feed- 
back is that in whicli (he signal fed liack is 
in pliasc with the input signal; iluis wt* might 
say that some of the output is sent back 
through the circuit to add to the regular signal 
jiresent. For amplifiers this eftVet is normally 
veiy undesirable, altliough in some amjilifiers 
it is used to inciH'ase the gain. If enough 
('iiergy is f(*d back i)ositively the input can 
be removed entirely and the signal kept going 
through the amiilifier by the feedback. This 
is possible since a small signal at tlic input 
lu'oduccs a much larger one at the output and 
only a small part of this needs to l^e n‘lurned 
to the input to kec]) the pnx'ess going. When 
ihis condition is reached the amplifier oscil- 
lates or howls. While smaller amounts than 
this may be used, to increase the gain of an 
amplifier it is always at the expense of stabil- 
ity and fidelity. An oscillator is really an 
amplifier wdth a large amount of positive 
feedback. Negative feedback is that m which 
the signal fed back to the input is in phase 
opi>ositi(m with tlie input. While this caucids 
part of the input it lias such desirable effects 
that it is almost universally used for high- 
grade amplifiers. Negative, or inverse, feed- 
back inen^ases the stability, improves the fre- 
quency response, lowers distortion and noise 
and has other similar desiiable results. The 
improvement aloncr those .incs is apjiroxi- 
matcly proportional to the amount of feed- 
back, but a compromise value which will not 


decrease the gain too much and yet give de- 
cided improvement in the other characteristics 
is used. Since many feedback circuits have 
phase and amplitude characteristics which 
vaiy with frequency, an amplifier may have 
negative feedback at one frecpiency and posi- 
tive at another. Ti the amplifier has sufficient 
gain in the positive fec^lback region it will 
oscillate. If the signal fed back is [iropor- 
tional to the output current it is termed cur- 
rent feedback and stabilizes the current, while 
if it is ])roportional to the output voltage it 
is voltage ('(‘edback and stabilizes the voltage. 

(2) In a magnet i(‘ amplift'r, feedback is a 
circuit cormectioii by means of which an ad- 
ditional magnetomotive force, which is a func- 
tion of the output (]uantity, is used to influence 
the operating condilion 

FEEDBACK, CURRENT (EXTERNAL 
FEEDBACK). In a magnetic am[)lifier, a 
f(‘(‘(lback m which the output c]uantitv (‘ui- 
ploy('(l is tlK‘ re(*tifi('(l output current. Smipli‘ 
seri(‘s iuagn(‘tic amyilitiers using tliis lype of 
f(M-(lba(‘k ar(‘ oftcai refi'ried to a^ external 
/(‘(‘(lliack magiu'tic amplilii'rs; hovvevtT, th^ 
jiomenclatur(‘ is (li.scuuragcd. 

FEEDBACK, ELECTRIC. Se(‘ electric feed- 
back. 

FEEDBACK, INDUCTIVE. Feedba ck 
Ihiough an inductive-coupling n(‘twork. 

FEEDBACK RATIO, NOMINAL. Of a sim- 
ple {'cnes magnetic amplifier witli current 
f(^edl)ack, the ralio of the number of turns 
of the feedback winding to the numlier of 
turns of the outi)ut winding. 

FEEDBACK SIGNAL. A signal responsive 
to the value of the controlled variable in an 
automatic controller. This signal is returned 
to the input of the system and compared with 
the reference signal to obtain an actuating 
signal which returns the controlled variable 
to the desired value. 

FEEDBACK, STABILIZED. Feedback em- 
ployed in such a manner as to stabilize the 
gain of a transmission system or section 
th(jreof with resjx'ot to time or frequency or 
to reduce noise or distortion arising therein. 
The section of the transmission system may 
include amplifiers only, or it may include 
modulators. 
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FEEDBACK WINDINGS. Of a salurablo 
reactor, those control windings to which the 
feedback connections are made. 

FEEDER. (1) In electidcal circuits, the lines 
running from a main switchboard to branch 
panels in an installation (2) In radio cir- 
cuits, the traiiMnission line from the trans- 
mitter to the antenna. 

FEELING, THRESIIOL13 OF SOUND (OR 
DISCOMFORT, TICKLE, OR PAIN). For 

a specified signal, the minimum effective 
sound pressure of that signal which in a 
specified fraction of the trials will stimulate 
the car to a point at which there is the sen-^a- 
tiou of feeling for discomfort, tickle, or ])ain). 
( liaiacteristics of llu' signal and the ni(‘asur- 
ing b'chiiKiue ‘-liould be ‘‘jiecified in (‘very 
(M^(‘ Tins ihn'^liold is custom;! rilv exjires^ed 
in decibels rel;ifive fo 0 0002 microbar or to 
1 miciobar. 

FELICI BALANCE. \n a-c bridge for the 
ni( MsuK iij( nt of mutual inductance. 

FI NESTR VTION. A surgical o])erafion m 
vliicli a mnv \mik1ov\ is openn d io the inner 
car in order to inipio\e lieaiing 

I'ERGUSON CLASSIFICATION OF 
BRIDGES. Sec biidges, Ferguson classifi- 
cation of. 

FERMAT PRINCIPI.E. A lav of lieht fiom 
OIK* ])oinl to anolluT, incliidiug rellectioii^ and 
ufiaclions, will Jollow thal })atli \vlucli (an 
iK' follow (‘d ill the lea'll time ILni^c* also 
called the jirmciplc of l(*;ist tiiiK' In most 
general form also ciillcd the law of extreme 
path. 

ATat hematieally 

7 ) r/s = 0 

in the notation of tlio calculus of variations, 
7i iK‘ing tlie index of refraction at <hc h, cation 
of the element of path ds 

FERMI-AGE MODEL. A model for the 
stud^^ of the sluwdng dowm of neutrons by 
elastic collisions. It is assumed tint the slow- 
ing down takes place hy a very large num- 
ber of very small energy changi^s. Phenom- 
ena due to the finite size of the individual 
energy losses arc ignored. 


Feedback Windings — Fermi-Dirac Gas 

FERMI CONSTANT. A universal constant 
appearing in p- disintegration theory, express- 
ing the strength of the intcra(dion between 
the tr an-- forming nucleon and the electron- 
neutrino ficifl. Its value is between 
and 10“ g env’ sec"-, and it is usually de- 
noted hy Iho symbol g or (7. (See also 
coupling constant.) 

FERMI-DIRAC DISTRIBUTION FUNC- 
TION. In a Fermi-Dirac gas the number of 
paiiiclts, lu, in a state of energy E,y at the 
absolute temperature T is 

1 

where /; is the Boltzmann constant ;iTid Ef* 
is the Fermi energy. If kT « Er fiinc- 
ium is iu';nlv unity i‘or < E h' and nearly 



S-kc U 1 of Itirni Dll u ili-'ilnkiition fiiiKiinn for nliso- 
hn« /(IO iiid loi i low (iinpiMluK 'I li Ki^ion n\(r 
thi (lislnlnit loij 1 ^ .ilhrUd b\ ^('mi (^i.ituic ih 
tin* oidct ol tlip kT m widlh (IW p('rmis->ion fiom 
“luliodufi um to Scdid Sl'it(' Ph^sl(‘,” by JmUcJ, 
(Vipsiighl 105.1, .John \\ iloy Sons) 

zeio for El > Eji' Tiie gas i^ then said to be 
d(‘gcTK Kite, and only the jiartieles in tb^ range 
of ciu rgv lev('ls ol width kT about hp 
available for conduction, etc. 

] ERMI-DIRAC GAS. An assembly of indc- 
p(aident particles obc'ying Fermi-Dirac statis- 
tics. The essential jin^pcity of such paid ides 
it that they obey the Pauli exclusion principle 
of quantum mechanics, wdnch recpiires that 
no tw'o jiarticles may he in exactly the same 
state. If the ga^ is veiy dense, this require- 
ment may mean that the jiartidos must oc- 
cupy a wide rang(i of energy levels, much 
larger ju'rliaps than can be sup})lied by ther- 
mal energy. It can bo showTi by statistical 
mechanics that in ^neh a degenerate gas (of 
wdiich the free electrons in a metal arc the 
standard example) only a small proportion of 
the particles contribute to such properties as 


Fermi-Dirac Statistics — Ferrimagnetism 
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the susceptibility, specific heat, conductivity, 
etc. 

FERMI-DIRAC STATISTICS. See quantum 
statistics. 

FERMI DISTRIBUTION. The energy dis- 
tribution of the electrons in a metal. Because 
the electrons eon^itute a highly degenerate 
Fermi-Dirac gas, this distribution is simply 
characterized as one in which all the levels 
are filled below the Fermi level, and all empty 
above it, except for a thin layer, of thickness 
of the order of kT. about this level. (See 
Fermi-Dirac distribution function.) 

FERMI ENERGY. According to the free 
electron theory of metals the electrons torm 
a dense Fermi-Dirac gas, whose energy i‘-'very 
high even at very low temfieraturcs. The 
Fermi energy is a nieaMirc ot this, Imt the 
term seems to he u^(*(l indiscrimin.Ltcly to refer 
either to (a) the energv Kr ocoiiriing as a 
purametcr in the Fermi-Dirac distribution 
function and mcji'-iiring the hialu'.'^l occiipicwl 
level at \(‘ry low tcmpc'ratiires, or to (h) the 
a\erage eni'rgy of the eU'ct roiis, vNliich is -‘hn 
/i'f-. In mo'>t nu'tals lh(‘ Fermi energy is of 
the order of a few eh'ctron volts. The usage 
(h) is reeomnu'nded, fiU being reh'rred to 
as th(' Fermi level (it being, in fact, the 
chemical potential of the ehetions). 

FERMI INTERACTION. UNIVERSAL. 
Sec universal Fermi interaction. 

FERMI LEVEL. The [loint on an energy 
level diagram corresponding to tlie top of the 
Fermi distribution; or Ihe energy hwel (in a 
senii-eondiietor I for A\liieli the Fcrmi-Dirae 
distribution function has a value of H 

FERMI PERTURBATIONS. Sc e Fermi res- 
onance. 

FERMI PLOT. See Kxiric plot, 

FERMI POTENTIAL. The energy of the 
Fermi level interpreted as an electric ])oten- 
tial, i e., the ratio of the Fermi level to the 
electronic charge. 

FERMI RESONANCE. In iiolyatomic mole- 
cules, two vibrational levels h(*loiiging to dif- 
ferent vibrations (or com’ ’.nations of vibra- 
tions) may happen to hav nearly tlu‘ same 
energy, and there lore be accidentally degen- 
erate. As was recognized by Fermi in the 
case of CO2 such a ^‘resonance” leads to a 


perturbation of the energy levels that is very 
similar to the vibrational perturbations of 
diatomic molecules. 

FERMI SELECTION RULES. See selec- 
tion rules. 

FERMI SURFACE. The constant-ener^ 
surface, pictured in the same space as a Bril- 
loiiin zone, eoirespoiiding to tlie Fermi level, 
ol which it is, in a sense, the three dimensional 
analog. 

FERMI TEMPERATURE. The degeneracy 
temjKTature of a Fenni-Dirae gas, defined by 
Kh'/k, \\herc Ef is tlie energy of the Fermi 
level, occurring as a jiaramctcr in the Fermi- 
Dirac distribution function. For the fn'c 
electrons in a metal, this ti‘m])eratiire is of tlie 
order of tens of thousands of degri‘(‘s, so ttiat 
th(‘ ga‘‘ is highly degenerate. 

FERMI THEORY OF BETA DECAY. Tlu 

Fermi tlu'ory of /^-decay was jiroposcd in 
It gives tlie probability P of tli(’ ejection, in 
unit time, of a /?-partirle whose* energy lies 
hetwasm Fj and Fj -f (IF as • 

yV/v = IJ[Z, F)pF{h\,,a. - FfdF 

w'here p is the inomenturn of tlu* e](v*lron. 
II ‘i(* F is ('xpressed in units of 7 ?/c" and p 111 
units of uir. j\Z^ F) is a function which could 
be CN alual(Hl. 

FERMION, A ])article described iiy Fermi- 
Dirac statistics (See quantum statistics.) 

FERRAMIC. The trade name of one form of 
ferrite. 

FERREL LAW. Wlicn a mas^ of air start'- 
(o moM* over the earth’- suif;uM\ it i*- rieflected 
to the iielit 111 till' Nortliciii 1 feinisphi re, aiirl 
to the lift in the Soullu'in 1 lcnii-])li('r(‘, ami 
ieuils to i\u)Vi‘ in a circle wdiosi* radius ile- 
peuds upon its velo(‘‘ity and its distance from 
the equator. (See Coriolis effects.) 

FERRIMAGNETISM. A tyjie of magnetism, 
macroscopically similar to ferromagnetism, 
but microscopically more like antiferromag- 
netisin in that the magnetic moments of neigh- 
boring ions tend to align antiparalhd. These 
moments an*, however, of different magni- 
tudes, and hence may still have quite a large 
resultant magnetization. Ferrimagnetism is 
observed in the ferrites and similar com- 
pounds. 
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Ferrite — Fessenden Oscillator 


FERRITE* The inorganic salts of the for- 
mula MFe 204 , where M represents ii Invfileiit 
metal. Almost all of these materials are mag- 
netic, and cores made of sintered jiowders 
find considerable high-frequcney application 
because of the extremely low core losses. 

FERROELECTRIC. Some dielectric mate- 
rials, notably Rochelle salt, potassium dihy- 
drogen phosphate, and barium titanate, ex- 
hibit sjiontaneous polarization and hysteresis 
belween polarization and field. By analogy 
with ferromagnetic materials, these substanees 
are called ferroelectric. 

FERROELECTRIC EFFECT. The plienom- 
cnon whereby certain crystals may exhibit a 
^|)()iitaneoiis dipole moment (which is callt*d 
fen‘oeI('c(rje by analogy with ferromagnetic 
^'xhibiling a ]HTmanent magnetic moTneiit I 
The ('ffect in Uic most typical case, barium 
titanate, seems to be due to a polarization 
catastrophe, in which the local electric fields 
due to the polarizalion it^^elf increase' faster 
tlian Ihe ('lastic n'storing forces on the ions 
in the crystal, thereby leading to an asym- 
metrical shift m ionic ])0^itions, and hence 
io a permarH'nl dipole moment. Ferroelectric 
cry^ials often show several Curie points, do* 
iiiahi structure hysteresis, etc., much as do 
f on om a giu’ 1 1 c cry st al 

FERROELECTRIC MATERIALS. Tlic di- 
electric analog of ferromagnetic materials. 
Th(‘ir uses [larallel <ho‘-e of ierromagiietic ina- 
ti'rials in such a])plications as magnetostric- 
tive transducers, magnetic amplifiers, and 
magnetic information storage devices. Ro- 
chelle salt was the first ferroeleclric material 
to be discovered. 

FERROMAGNETIC RESONANCE. The 
apparent permeability of a magnetic material 
at microwave frequencies is affected (in the 
presence of a transverse, steady field) by the 
prece.ssion of electron oibit*^ in the atoms. If 
ihe microwave frequency etpials the preces- 
sion frequency, resonance occurs and the ap- 
jiarent permeability reaches a sharp maxi- 
mum. The resonance freipieney depends upon 
tlic strength of the transverse field. Thus, a 
thin film of a ferromagnetic substance placed 
in a static magnetic field H is found to be 
capable of absorbing from an oscillating field 
whose magnetic vector is perpendicular to II 
at a frequency given by 



where B is the magnetic induction associated 
with H, e and m are the charge and mass of 
the electron, c is the velocity of light, and g 
is very near to 2, the Landc factor for free 
electrons. 


FERROMAGNETISM. The property of cer- 
tain materials that gives them relative perme- 
abilities noticeably exceeding unity, in prac- 
tice from 1 1 to 10®. Such materials generally 
exliibit hysteresis, licnce can be used for per- 
manent magnets. 

FERROMAGNETISM, EWING THEORY 
OF. See Ewing theory of ferromagnetism. 

FERROMAGNETISM, WEISS THEORY 
OF. See Weiss theory of ferromagnetism. 

FERRORESONANT CIRCUIT. A non- 

liiK'ur resonant circuit employing a capacitor 
and an inductor with a -aturaide core. Opera- 
tion cHpiivalent io that of resonance is achieved 
by varying circuit voltage (or current) at a 
specified frequency to some critical value 
wliicli causes the non-linear inductance to 
have the correct value of leactance to resonate 
with th(‘ capacitor. At tlu' juunt of resonance, 
the current (or voltage) jumps abruptly to a 
mucli higher value. 


FERROSPINEL. A ferrite. 

FERROXCUBE, l^rade name for a ferrite. 

FERRY-PORTER LAW. The critical fusion 
fn'queney (th(‘ frequency at which a flicker 
disappear'*) for the fovea of the eye is pro- 
j)ortioiial to ihe logarithm of Ihe luminance. 


FERTILE MATERIAL. Material which is 
not in itself fis&ionablo, but which, in a re- 
actor, may he transformed into fissionable 
material through a nuclear transformation; 


e.g.: 


T1^233 


~ 

23 jum 


the is fissionable. 


Pa233 


P~ 

27 4 daj's 


U233^ 


FfiRY PRISM. See prism, F4ry. 

FESSENDEN OSCILLATOR. A low-fre- 
quency, inovinR-coil, electromaRnetic sound 
generator, principally used as a low-frequency, 
underwater sound soiu'ce. 
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FEYNMAN DIAGRAM. Sketch in Minkow- 
ski space of the development of a ])roce8S 
involving the interaction of particles arfd/or 
electromagnetic radiation, including a ])ic- 
torial reprcbentatioii of the intermediate states 
through which tlic system may go. An elec- 
tron is represented by a lime-like line with 
an arrow pointed to\sanLs the future, and a 
positron by such a liiu* with an arrow pointed 
tow’ards the past. Particularly uscdiil for rep- 
resenting many different intermediate .stat(‘s 
on the one diagram and, since w'itli (‘ach dia- 
gram is associated a matrix element for some 
transition, for airiving more directly at the 
cross-section for a iux)ces-'. Som(‘ exampb's 
are given below, a idiot on lieing denoted by a 
wavy line: 


V 

\ 

Compton Scattering 
{ Lowest Order ) 



A Radiative 
Correction to 
Compton Scattering 



The Scattering of Pa"“ Production m 

Light by Light Electron-Electron 

^ ^ ^ Collisions 


(Se(' quantum electrodynamics; quantized 
field theory.) 

FICK LAW. See diffu.sion, Fick law. 

FICK DIFFUSION COEFFICIENT FOR 
NEUTRON FLUX. Tho Fick law of diffusion 
(as applied to neutron flux) is 

J = -1) grad (f) 

where J is the net number of (thermal) neu- 
trons flowing in unit time through a unit area 
normal to the direction of flow, </> ( - ?u’) is 
the neutron flux, and D is the diffusion co- 
eflBcient for flux, having tnr dimensions of 
length, and being ^ pial to D^/v, where JDo 
is the conventional •hlfusion coefficient, and 
V is the neutron velocity. 


FIDELITY. The degree with which a system, 
or a portion of a system, accu]*ately reproduces 
at its output the essential characteristics of 
the signal which is iinpi'cssed upon its input. 

FIELD. (1) For the most generalized con- 
ceptions of this term, see the discussions of 
the various field theories. (2) A field of force. 
(3) An electromagnetic field. (1) A sound 
field (see field, sound). (5) A field of view. 
(6) In electric motors and generators, the 
field is the part of the machine which fur- 
nishes the magiK'tic fiiix wliicli reacts wdth 
the armature to produce the desired machine 
act ion. The field may be the fixed pail of 
the machine or, as is usually the ease in 
synchronous motors and generators, the field 
may be the rotating part of the machine. (7) 
The energy radiated from an antenna sy^^tem 
of a radio transmitter. This field is electro- 
magnetic, consisting of both an electric and 
magnet ie com])oncnt. It is the interaction of 
these fields with the n*cciving antenna Avluch 
causes the signal voltage to he induced in 11i(‘ 
antenna, and hen(‘e introdma'd into llie main 
recei\ ( r-cu-cint (S) In tele\i^ion, one of 
two (or nioK ) }nirts into wliicli a frame 

is divide*! 1 in interlaced scanning. 

FIELD, ATOMIC. The region suri’oimding 
an atom in wliieli the repulsion forces tor 
oth(‘r ])ar(icles are considerable. 

FIELD COIL. The coil use'd to provifle the 
magiKtizhig force in motors, generators, el(*c- 
trodynamic loudspc^akers, etc. 

FIEI.D, E1..ECTRIC. Tlie attraction (or re- 
pulsion) exerted liy one flectric charge* on an- 
other can be described (piantitatively in terms 
of the electric field protliiced by the fii'st 
cliarge. By definition, the field at any jioiiit 
is the force (a vc'ctor, having magnitude and 
direction) that wmuld be exert(*d on a unit 
positive test charge placed at that point. 
Hence an electric field is a specific type of 
force field. The path that would be follow’cd 
by an inertia-loss test jiarticle is called a Affine 
of force. It follows from the Coulomb law 
that the field of a point charge in free space 
has the magnitude 



where q is the charge, co is the permittivity, f 
is the di.siance from the charge, and unration- 
alized units are employed. (See flux, electric.) 
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Field Emission — Field, Sound 


FIELD EMISSION. The emission of elec- 
trons from unheated metal surfaces, produced 
by sufficiently strong eh'cti-ic fields. 

FIELD, FREE. A field (wave or potential) 
in a homogeneous, isotropic medium free from 
boundaries. In practice it is a field in which 
the effects of tljc boundaries are rK'gligible 
over the region of interest. In acoustics, the 
actual pressure imi)inging on aii object (e.g., 
electroacou^ic transducer) placed in an other- 
wise free sound field will differ from the pres- 
sure whicli would exist at that ])oiiit wdth the 
object remoAcd, uril(‘s> the acoustic impedance 
(see impedance, acoustic) of the obj(*ct 
matches the acoustic impedance of the 
inedinm 

FIELDFREE EMISSION CURRENT (OF 
A CATHODE), d'he eh'clron eiirrcmi drawn 
troin llie eatliode wlien tlu‘ (‘l('etiic gradient 
i\\ the ^iirfa( of lhe eatliode i-> zero 

FIELD FREOUENCY. In leleviMon the 
])r()ducl of frame frequency muKiplied by the 
minilxu* of fields eontaim'd in om' frame. 

FIELD, IMPHKSSED. (Se e field, refiecled.) 
Th(‘ electromagnetic field wliich would (‘\ist 
if the body ot mterr4 wei(‘ not ])r('si‘nt, or 
t)j(‘ field tliat would e\i^l jn fiee space with 
tiu' giNcn source di'-ti ibution. 

FIELD, INDUCTION. See induction field. 

FIELD INTENSITY. S( e field slrenglh. 

FIELD INl'ENSITY, FREE-SPACE. Tlie 
field intensity that would exist at a i)omt in 
the absc'iice of Avaves rell('et(’d from lhe earth 
or other reflecting objects. Usdl in the dis- 
cussion of electromagnetic or acoustic radia- 
tion. 

FIELD LENS. 'The lens of a compound 
ocular farthest from the eye, the other leiis 
being called tim eye lens. (S(’e eyepiece, 
Huygens; Ramsden.) 

FIELD, MAGNETIC. See magnetic field. 

FIELD OF FORCE. Electric charges exert 
force upon other electric charges, magnets 
exeil forces upon other magnets, matter exerts 
gravitational force upon other matter. All 
these action-at-a-distanee phenomena are 
conveniently described in terms of the “force 
field” set up by a source. The force exerted 
on a unit test-particle (unit charge, unit pole, 


unit mass) is a ATctor function of position of 
the test-particle. That is, the force on a unit 
tc^^t -particle lias a definite magnitude and 
direction for each possilile location of the 
te.st-particle. The totality of these force 
ATctors, or the vector function of position, is 
called a “field of force.” Any path that would 
be followed by an ineilia-loss test-particle in 
a force field is called a “line of force.” It is 
eoiiveni('nt to decide arbitrarily how close to- 
gelhor ])os'-il)le lines of force are independent, 
so that ther(‘ wall be a finiti* number of lines, 
and the eonec'pt ran be made (luantitaiiAT. 
Uonveniionally a unit sourca‘ radiates Irr lines, 
or one per unit solirl angle in unrationalized 
systems, ami a single line (1/1'^ 
solid, angle) in rationalized systems. 

FIELD OF PI.ANE MIRROR. The words 
a])j)Ii('d (o an optical s\sbni apply to a plane 
mirror. The exit pupil is the pujul of ilie 
obseiwer’s oau', the entrance pupil is the be- 
hind-the-inirror virtual image of the observer\s 
(‘ye jnipil. The field stop is the edge of the 
mirror. Tin' K'gion in front of the mirror is 
the object field, and tli(‘ region behind the 
mirror is th(' image field. 

FIELD OF VIEW. The aiva or solid angle 
Ai'-ible tliroiigh an oi^tieal instrument. 

FIELD OPERATOR. In (luantizod field the- 
ory, an opm'ator wliieh repmsents the crea- 
tion or annihilation of a jiarticle. 

FIELD, PSEUDO-SCALAR. See pseudo- 
scalar field. 

FIEI.D, PSEUDO-VECTOR. See pseudo- 
vector field. 

FIELD, REFLECTED. The electromag- 
netic field in the iiresence of p('rtnrbing ob- 
j(M‘ts or region<=‘ of a different medium is eon- 
Aa'Tiiently eou'^idered to comprise an impressed 
Held that wouM obtain in the absence of the 
j)(‘rtiirl)atinii, plus a fii'ld n'fleeted from the 
obji'ct, and a field transmitted into the object. 
The (lifferonce betwi^cii tlio actual field (out- 
side tlie object) and the impressed field is the 
reflected field. 

FIELD, SCALAR. See scalar field. 

FIELD, SOUND. A region containing sound 
waves. 
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FIELD STOP. An opening, usually circular, 
in an opaque screen which determines the 
field of view of an f)])lical instrument. 

FIELD STRENGTH. Tlio strength of a field 
is its magnitude. Tlius an electric field has 
a strength (volts per meter) a( a given point, 
as well us a direction; its strcngtli is, there- 
fore, the magnitude of its electric field vector, 
E. (See fields of force.) 

FIELD STRENGTH METER. A calibrated 
radio receiver for measuring field strength. 

FIELD THEORY. Theory of the dynamical 
motion of a set of elect romagra'tic or matter 
fields, in which the clectromamudic potentials 
Aft. and the maUer wave functions ipa are rep- 
resented by functions of position and time. 
Usually Init not always a field theoiy is de- 
veloped in accordance witli the ixi^tulates of 
special relativity tJicory (see relativity theory, 
special) so that if it is designed to d(‘scnl)c 
nuclear foree.> the j)riiiei[)l(* of relativity will 
he extended to include the inqiossibility of de- 
lecting absolute uniform iimtion of (he lab- 
oratory by means of nucU'ar experiments con- 
ducted therein. In tliis tyjio of field theory 
the e(|uations of motion are derived from a 
Lagrangian density 


L 



A fly 


c)x„ 


dAA 

dx„ ) 


being, for the i/'a, 



For other properties of L see gauge invari- 
ance, energy-momcntiim tensor. Since it is 
pos.'^ible to derive the Maxwell equations and 
the Dirac electron theoiy in this way, it has 
been lioped to formulate in analogous fashion 
a satisfactory meson theory of nuclear forces. 

Field theories may also be developed in 
accordance with general relativity theoiy 
(see relativity theory, general and field the- 
ories, unified) and for non-relativistic theories 
(e.g., sound waves, theory of an oscillating 
string or membrane). (See also field theory, 
quantized.) 


FIELD THEORY. NON-LOCAL. Field the- 
ory in which the Lagrange density involves 
products of wave-functions taken at different 


space-time points and multiplied by a form 
factor which causes the term to be important 
only when such ]:>oints are close to each other. 
This provides a nietliod of introducing a rela- 
tivistic cut-off at the very beginning of the 
development of the Lheory. 

FIELD THEORIES, PROJECTIVE. Unified 
field theories of gravitation and (‘leetrornag- 
netism in which 4-(ljinensional siiace-time is 
r(‘present(‘d by 5 homogeneous coordinates. 
All ])omis in 5 fiiiuensions which have the 
same coordinate-ratios project into the same 
I)oinl in 4 dimensions. Sdch theories are 
essentially equivalent to the Kaluza theory. 

FIELD THEORY, QUANTIZED. Field the- 
ory in which the eleetromagiietic and matter 
fields arc represented by operators obeying 
c(M*tain commutation relations (see also Jor- 
dan-Wigner commutation relations). This 
quantization of the fields is developed by 
analogy with the })assage from classical me- 
chanics to quantum mechanics and is most 
easily (h'serihod by reference' to the' theoiy of 
a \il)raling siring. ( 'euisielei’cd a se't eff 
discrete mas.s points, such a string may be 
eh'serihed by (•la'^^ie-al ])article me'chanics, lint 
in (he limit wJien it is eondeh'red as a eon- 
tiniious mc'dium tiu' number of degrees of 
freedom tenets to infiiiily aiiel the efniation>s 
of motion aie meist easily written down in 
terms of classical fu'ld tlu'ory lOven although 
cla'^sical, such a theory leads to some (piaiitum 
properties of the syste'in. If now the discrete 
mass jioints w^re desenbevl by quantum me- 
chanics and then the limit of a continuous 
meeliiim were considered, the displacement 
and velocity of the string at any ])oiiit wmuld 
a})))ear as operators obeying certain commuta- 
tion rules. Allheiugh this last [irocealurc is 
(juite unnecc'ssary for a inaeroseopie string, it 
is ijn]K)rtant for a particle (^r electromagnetic 
field. The opc'rators specifying the field arc 
then found to dt'serihe tlie elementary proc- 
esses of creation and annihilation of paidieles 
or photons. Tlie effects of such processes in 
intermediate states then lead to small radia- 
tive corrections to the consequences of the 
corresponding classical field theory. 

FIELD THEORIES, UNIFIED. In the 

strict sense, this term refers to any theoiy 
which unites two or more physical theories, 
the unification leading to predictions that 
could not be deduced from either theory alone. 
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Field Theory, Weyl Unified — Film 


Thus Maxwells electromagnetism is a unified 
field theory of the electric and magnetic fields. 
Usually, however, the term is applied to at- 
tempts to unify Maxwell’s theory with general 
relativity theory (see relativity theory, gen- 
eral) . In the same way that Newtonian me- 
chanics indicates that by no mechanical lab- 
oratory experiment could the uniform motion 
of the laboratory be detected, special rela- 
tivity theory (see relativity theory, special) 
indicates that by no optical laboratory ox])eri- 
m(*nt could such uniform motion be detected, 
and general relativily theory shows that by 
no mechanical experiment could even accel- 
erated motion be detected, so unified field 
theories are essentially based on the idea that 
by no laboratory experiment of any kind 
could any motion of the laboratory he de- 
teeted. Attempts to develop this (see Kaliiza 
theory; field theories, projective; field theory, 
Weyl unified; Einstein unified field theory) 
have so far faih'd to produee a single new 
in’ediction that may be compared with the re- 
sults of ohscTV'ation 

For unified field theories of a different type, 
s('o Born-Infeld theory, neutrino theory of 
light. 

FIELD THEORY, WEYL UNIFIED. The- 
ory of g^a^italion and eleetroniagnetism ba'-ed 
on a non-Rieinannian g(‘ometry in which the 
longtli of a vector may clunge under parallel 
tlisplacernent. 

dl 

-j = Af,djr^ 

The are interpreted as the eleetroinagnetie 
potentials. With this interpretation, multiply- 
ing a length as (r,0 by exp [A'(r,0J leads to the 
gauge transformation 

A/ = - 4 ^ + 

(See gauge invariance, second kind.) 

FIELDISTOR. A transistor which utilizes an 
extenial electric field for the control of mobile 
carriers in the semiconductors. 


FIFTH ORDER THEORY. More compli- 
cated corrections to lens design in which the 
first three terras of the expansion 




are used. In general, fifth order theory is 
largely replaced by the more useful methods 
of rAy tracing. 

FIGURE OF MERIT. (1) General term for 
various graphical relationsliijis w^hich sum- 
marizes certain d(‘sirable features of amplify- 
ing devices (see gain-bandw^idth product; 
gain margin; phase margin; mu criterion). 
For a magnetic amplifier, the figure of merit 
has been defined specifically as the ratio of 
power amplification of a given control wind- 
ing to the n'sponse time of the magnetic am- 
plifier, un(l('r specified control circuit condi- 
tions. (2 1 The eiirrent required to produce 
one division deflection (usually 1 ram on a 
scale at a distance of 1 m) of a galvanometer. 
(3) -Any (]uantity which expresses quantita- 
tively the perforinanca* of a measuring device. 

FILAMENT. Tin* re<i'-iive element in a 
thermionic lube through which current is 
])a^se(| to provide the temperature required 
for thermionic emission. The surface of the 
filannait may ^ui^ply the emission, or the fila- 
ment may be employed as a heater for an 
indirectly-heated cathode. 

FILAMENT CURRENT. Current .supplied 
to a filament to heat it. 

FILAMENT LAMP. See lamp, filament. 

FILAMENT NOISE. In a semiconducting 
filaimnt (see semiconductor), noise voltage 
is ob‘-c*rvcd whose frequency spcetnim io sim- 
ilar to that of contact noise. It is attributed 
to the random production of holes at certain 
regions on the surface of the filament. 

FILAMENT VOLTAGE. The voltage be- 
tween the terminals of a filament. 

FILAR MICROMETER. An instrument for 
measuring distances in tlie field of an eye- 
piece. It eon.sists of two parallel wires, one 
of which 1 ^ fixed and the other capable of mo- 
tion in the direction iierpendicular to its 
length by means of an accurately cut screw. 
Tlie pitch of the screw is carefully determined 
for various temperature conditions and the 
head of the screw is graduated so that whole 
revolutions and fractions thereof may be read. 

FILLED BAND. An energy band in which 
every level is occupied by an electron. 

FILM. (1) Any thin sheet of material used 
for covering, coating or wrapping, or any thin 
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layer that enters into the stnicture, usually 
on or ncstr the surface, of a substance or object. 
(2) The monomolecular layer which is formed 
on the surface of a solution or at an interface 
between two immiscible liquids. The adsorp- 
tion is of such a nature that the free surface 
energy is a minimum. Insoluble and non- 
volatile substances placed on the surface of 
a liquid such as water may also under certain 
conditions spread out on the water surface to 
give a monomolecular film. Adsorbed films 
of gases or liquids are also formed on solids 
such as mica, sodium chloride, glass and 
metals. In some cases, such as the adsorp- 
tion of vapors on solids at relatively high pres- 
sures, it seems that the films may be thicker 
than one molecular layer and may attain 
thicknesses of three or four molecules, (See 
also film theory.) 

FILM CONCEPT. Tlie hypothesis that there 
exists, at surfaces of contact Ixdwcen solids 
and fluids (liquids or gases), a relatively 
slowly moving film of the fluid, which de- 
creases in thickness with increasing velocity, 
]>arallcl to the surface of the main body of 
fluid. 

FILM, CONDENSED. A surface film in 
which tlio molecules are closely packed and 
stcci)ly oriented to the surface The molec- 
ular packing ajjproaches that observed in the 

cry.stalline state. 

FILM, EXPANDED. A state of film inter- 
mediate in area and other properties between 
gaseous and condensed films, (See film, 
gaseous and film, condensed.) 

FILM, GASEOUS. In the gaseous film the 
molecules move about indojicndently on the 
surface and their lateral adhesion for each 
other is very small. At low surface pres.Niiros 
(tt) and large areas (/I) a ga^^eous film obeys 
the relation irA = kT. At higher pressures an 
equation of the form (ttA — Ao) - xkT holds, 
where t is a constant. 

FILM, LIQUID EXPANDED. See film, ex- 
panded. The liquid-expanded film occupies 
a much larger area than a condensed film but 
is still a coherent film. It can form a separate 
phase from a gaseous film with which it is in 
equilibrium, and obeys the relation 

(tt — TTo) (A —An' ■» C 

where v is the surface pressure, A the surface 
area, and Aq the co-area of the molecule. 


FILM, MOLECULAR. A monomolecular 
layer, i.e., a film of a substance, produced on 
the surface of a liquid or solid by adsorption 
or by other means, that has a thickness of 
the order of molecular dimensions. 

FILM THEORY OR BOUNDARY LAYER 
THEORY. The film theory as applied to heat 
or mass transfer has to do with the analysis 
of the physical way in which material or heat 
is transferred across a phase boundary where 
one or both of the phases may be flowing 
fluids. Examples of such a transfer would 
he heat flowing from a pipe io water moving 
inside, or water vaj)or passing from a wet sur- 
face into an air stream flowing over it. Any 
study of such processes must be concerned 
primarily with tin* major resistance to the 
flow. It is known that transfer by convection 
(heat) or mixing (mass) is very much faster 
than by conduction (heat) or diffusion (mass). 
If any part of the process involves conduction 
or diffusion, then this part will undoubtedly 
offer the greatest resistance to the transfer and 
hence will be the controlling variable. 

Even though the fluid he moving past the* 
surface in a turbulent iiuinncr, there will still 
be, next to the surface, a relatively stagnant 
film of the fluid. Through this film the heat 
or mass must pass, respectively, by conduc- 
tion or by diffusion. Calculations involving 
transfer of heat or mass into a flowing stream 
are mainly concerned with the effective thick- 
ness and the properties of the film. Methods 
of increasing the rate of transfer are usually 
based on changes designed to reduce the film 
thickness or to change the properties of the 
fluid and hence increase the rate of transfer. 
Increasing the turbulence of the fluid tends 
to scrape off the film, thereby making it thin- 
ner; and raising the temperature (for liquids) 
lowers the viscosity of the film and makes it 
more easily rubbed away by the flowing fluid. 
Also, raising the temperature increases the 
rate of diffusion, and usually increases the 
heat conductance. 

The actual film thickness is seldom known, 
but the way in which various factors (such as 
the viscosity, velocity, density, etc., of the 
fluid) affect it are often known, so that ex- 
perimentally determined values for the rate of 
transfer under one set of conditions can usu- 
ally be used to calculate the rate under a 
different set of conditions. 
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Filter — Filter, Decoupling 


FILTER. An entity or device for eliminating 
(or reducing) certain waves or frequencies 
while leaving others relatively unchanged. 
The waves may be sound waves, or electro- 
magnetic waves in the electrical or communi- 
cations region (see filter, wave and derived 
terms) or they may be waves in the optical 
region. (See filter, light.) 

FILTER, ACOUSTIC. See filter, wave. 

FILTER, BAND-ELIMINATION. A wave 
filter whose transducer gain is very low over 
a certain band of frequencies. 


FILTER, BAND-PASS. A wave filter whose 
transducer gain is near unity for a certain 
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band of frequencies, but falls to low values 
at frequencies above and below this band. 

FILTER, CAPACITOR-INPUT. A power- 
supply wave filter in which a shunt capacitor 
(see capacitor, shunt) is the first element after 
the rectifier. 

FILTER, CAVITY-COUPLED. A wave 
filter consisting of two identical chambers 
coupled by a third chamber. 

FILTER, CHOKE-INPUT. A power-supply 
wave filter in which the first filter-element is 
a series choke. For best operation the mag- 
nitude of the inductance (henries) must be 
made larger than the magnitude of the load 
resistance (ohms) divided by 1100. 


FILTER, CHRISTIANSEN. A solid-in- 
liquid suspension used to pass a narrfiw region 
of the spectrum while scattering all other re- 
gions. In general the indices of refraction of 
liquids change more rapidly with wavelength 
(and with temperature) than do the indices of 
solids. Hence a solid and a liquid may have 
the same index at one wavelength — which will 
pass freely through the suspension — while dif- 
fering at all other wavelengths — which will be 
scattered by the suspension. Close tempera- 
ture control is necessary, and the wavelength 
passed may be shifted appreciably by chang- 
ing the temperature of the filter. 

FILTER, CLICK. A wave filter designed to 

suppress key clicks. 

> 

FILTER, COLOR. An apparatus or ma- 
terial capable of absorbing certain wave- 
lengths of light and transmitting others. 

FILTER, COMB. A wave filter whose fre- 
quency si)ectrum consists of a number of equi- 
spaced elements resembling the tines of a 
comb. 

FILTER, COMPOSITE WAVE. A selective 
transducer comprising a combination of two 
or more filters which may be of the low-pass, 
high-pass, band-pass, or band-elimination 
type. 

FII.TER, DECOUPLING. In most multi- 
stage amplifiers there are certain circuits, such 
as voltage supplies, etc., common to more than 
one stage. Since these common circuits pro- 
vide a path through which energy may be fed 
from the output back into the input of some 
stages, serious feedback problems would re- 
sult ii something were not done to prevent 
‘ them. The usual remedy is to insert, a wave 
filter in those plate and grid leads wliich con- 
nect to points common to other plate or grid 
leads. These filters are frequently resistances 
in series with the lead and a by-pass condenser 
from the plate or grid side of the resistor to 
ground. Tlie resistance used must be low 
enough not to cause a serious drop of voltage 
and the condenser should have a reactance 
which is low compared with the resistance at 
the lowest frequency for which the circuit is 
designed. Where the resistance would pro- 
duce too much d-c voltage drop or where it 
does not give enough filtering action, an in- 
ductance is sometimes used. For still more^ 
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effective filtering a second resistance and con- 
denser in cascade may be used. 

FILTER, FREQUENCY. A wave filter (see 
filter, wave) designed to select or pass certain 
bands of frequencies with low attenuation, 
and cause very high attenuation to other fre- 
quencies. They arc among the most impor- 
tant components of most communications sys- 
tems. In the common radio receiver, filters 
arc used to smooth out the pulsating direct 
current from the rectifier to give a bteady 
output of the power supply. Teh'filione car- 
rier circuits are possible Ix'caiisc of filters 
which are used to separate the various chan- 
nels, and route the signals to the projier j>aths. 
The ordinary tuned or resonant circuit might 
be regarded as a special fonn of filter, but is 
not commonly considered as such, since it does 
not have a flat pass-band. 

FILTER, HIGH-PASS. A wave filter (see 
filter, wave) having a single transmission 
hand extending from some critical or cutoff 
frequency, not zero, up to infinite frequency. 

FILTER, INTERFERENCE. A filter (sec 
filter, light) which modifies the spectral com- 
jiosition of radiant energy partly by its inter- 
ference effects. Such filters are often con- 
structed of thin layers of metals and dielec- 
trics, and can provide narrow pass-bands and 
high transmittances. However, unless rom- 
jiosed of many layers of material, an inter- 
ference filter will have many transmission or 
reflection maxima. 

FILTER, LIGHT. A device which modifies 
the spectral composition of radiant energy by 
selective absorption or reflection. 

FILTER, LOW-PASS. A wave filter (see 
filter, wave) having a single transmission 
band extending from zero fre(iuency up to 
some critical or cutoff frequency, not infinite. 

FILTER, LUMPED IMPEDANCE THEORY 
OF ACOUSTIC. A theory of acou.stic filtra- 
tion in which it is assumed that the various 
components of the filter (see filter, wave) can 
be treated as separate or lumped elements, in 
each section of which the medium moves as 
a whole. Application of the theory is limited 
to filters the dimensions of wnose components 
are small compared v\ith the w^avclength of 
the sound. 


FILTER, MICROWAVE. A wave filter to 

be used at microwave frequencies. It is gen- 
erally made up of distributed parameters. 

FILTER, MID-BRANCH POINTS. The con- 
nection points between identical sections of a 
Il-section filter. (See filter, Il-section.) 

PILTER, MID-BRANCH SECTION. A sin- 
gle section of a 11-section filter. (See filter, 
n-.section.) 

FILTER, MID-SERIES POINTS. The con- 
nection points between identical sections of 
a T-.‘^ection filter. (See filter. T-.section.) 

FILTER, MID-SERIES SECTION. A single 
8('ction of a T-seetion filter. (See filter, T- 
section.) 

FILTER, MODE. See mode filter. 

FILTER, NEUTRAL DENSITY. See neu- 
tral-density filter. 

FILTER, PARALLELED-RESONATOR. A 

baiul-pass filler (see filter, band-pass) in 
wlueh oiitjuit and input waveguides are cou-» 
pled together through se^eral resonators. 
The resonators arc resonant, coaxial lines 
with a center timing-.serew for alignment 
purj)oses. The coaxial re^^onaiors are eou[)led 
to the in]nit and output guides by means of 
screws, A\hieh distort the field m the main 
guides. The phase of the coupling depends 
upon whether the screw is in&ert.ed into the 
bottom or the top of tlu wa^x'gui(le. The 
coaxial resonators are placed a guide half- 
wavelength a})art, so that they arc effectively 
in paiallel. The ends of the main guides are 
short-circuited a guide quarter-wavedength 
past the last n'.^^onator, so that the resonators 
are at a high-^’oltage position along the main 
guides. 

FILTER, n-SECTION (PI-SECTION). A 

wave filter, one section of which can be drawn 
scliernatieally as 



Pi-pection filter 


FILTER, RESISTANCE-CAPACITANCE. A 
circuit sometimes used to lower the ripple con- 
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tent of a rectifier power supply. In its sim- 
plest form it consists of a series resistor, fol- 
lowed by a shunt capacitor. 


time to designate when the firing occurs. (2) 
The initiation of discharge in a gas discharge 
tube. 


FILTER, T-SECTION. A wave filter, one sec- 
tion of which can be drawn schematically as 



T-scction filter 


FILTER, TRANSFORMER. See transformer 
filter. 

FILTER, WAVE. A transducer or network 

for separating waves on the basis of their 
frequenev. It inlrodiiees relati\ely small in- 
sertion loss to wave>. in on(^ or more freciuency 
hands, and relatively lai'gc insertion loss to 
waves of other fre(iueneieF. 


FIRING ANGLE. Sec gate angle. 

FIRST DETECTOR. See superheterodyne. 

FIRST ORDER THEORY. (1) Any theoiy 
which involves only the most important terms, 
such as the tenns proportional to a; in a series 
expansion of f(x) about x - 0. Many physi- 
cal theories are of first order. (2) (Optics) 
An expansion of the sine of an angle into a 
series in terms of the angle itself is 

sin^ = ^ 1 •• 

• 3! 5! 

First order theory or Gauss theory neglects 
all hut the first of tiiese terms. 

laSHBONE ANTENNA. See antenna, fish- 
bone. 


FILTER, WAVEGUIDE. A wave filter em- 
ploying apprr)f)riately-niodiricd waveguide 
sc'ctions to produce a desired, l)and-])ass eliar- 
aeterislie. 

FINE CHROMINANCE PRIMARY. The 

color t(*le vision signal which has fn'cpieney 
components \\p to 1 5 me to provide fine 
chrominanee (U'tail in the [)ictiire. 

FINE STRUCTURE. In atomic spectra, the 
ncfurnmce of a spectral hn(‘ a? a doul)let, 
trii)let, etc., due to the interaction or cou- 
pling between the orbital angular momentum 
and the spin angular momentum of the elec- 
trons in the emitting atoms. 

FINE-STRUCTURE CONSTANT, A uni- 
versal eonstaiit a cvaluted hy the expression: 

a = 2Trr^/rh 

^^hcre 6 is the electronic charge, c is the veloc- 
ity of light and h is the Planck constant. It 
has the least squares adjusted output value 
of (7.29698 -i- .00005) X iO"®. 

FINE STRUCTURE OF ALPHA PARTICLE 
SPECTRUM. See alpha particle spectrum. 

FIRING. (1) In a magnetic amplifier, the 
transition from the unsaturated to the satu- 
rated state of the saturable reactor during the 
conducting or gating alternation. Firing is 
also used as an adjective modifying phase or 


FISSILE. Ca[)al)lc of undergoing fission. 


FISSION CHAIN OR FISSION DECAY 
CHAIN. The successive yj-decays starting 
ANith a fis^lon product and ending in a stable 
nucleus of the same mass number. For ex- 
ample: 


r>4 
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(stable). 


FISSION CHAMBER. A device for the de- 
( (M l ion of slow neutrons in which the wall of 
an ionization chamber is lined with a thin 
layer (4 uranium. A slow neutron will cause 
a fissi(>ii in the uranium, and the highly ioniz- 
ing fission fragments are detected in the 
chamber. 


FISSION, DEFORMATION ENERGY OF. 

In the liquid-di’op model of fission the de- 
formation energy is the energy required to 
deform (he nucleus from a spherical shape 
to an elli])soid. If c is a parameter represent- 
ing tlie degree of defonnation, the deformation 
energy is given by: 


deformation energy 


.= ( 5 . 2 ^-<- 0.117 


when the deformation energy is zero, or nega- 
tive, the spherical nucleus will deform and, 
consequently, undergo fission spontaneously. 
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The condition for spontaneous fission is, there- 
fore: 

— > 45. 

A 

FISSION EXPECTATION, ITERATED. See 
iterated fission expectation. 

FISSION NEUTRONS. Neutrons emitted as 
the result of nuclear fission. (See fission, nu- 
clear.) They are characterized by a contin- 
uous spectral distribution with a maximum 
at about 10® cv, and that extends to higher 
energies according to the expression 

sinh exp( — 70- 

FISSION NEUTRONS, DELAYED, pe- 

layed neutrons emitted by the products of a 
nuclear fission. (See neutrons, delayed.) 

FISSION NEUTRONS, PROMPT. Neutrons 
emitted during a nuclear fission. (See fis.sion, 
nuclear.) 

FISSION, NUCLEAR. The division of a 
heavy nucleus into two approximately equal 
parts. Nuclear fission reactions are distin- 
guished from spallation in which relatively 
smaller fragments are ejected, leaving behind 
only one large residual nucleus. Nuclear fis- 
sion of such nuclides as Pu^^®, 

which follow the capture of slow neutrons, 
release large quantities of energy. Fission 
can also be induced by charged particles and 
photons. (When induced by photons, it is 
called photofission.) 

FISSION, PHOTO-. Nuclear fission induced 
by photons. (See fission, nuclear.) 

FISSION PRODUCTS. The radioactive 
nuclei fonued in the fi.ssion process. They 
exhibit a wide range of atomic numbers, 
atomic masses, half-lives, decay energies, etc. 

FISSION PRODUCT POISONING PROC- 
ESS. When a nuclear reactor operates, cer- 
tain nuclei with larger cross sections for the 
capture of thermal neutrons are produced, 
(‘itlier as direct fission products or from the 
decay of the latter. These act as “poisons^' 
in the reactor. (See poison.) 

FISSION SPECTRUM. Tlie distribution in 
encrg>' of the neutrons arising from fission. 
(See fission neutrons.) 


FISSION, SPONTANEOUS. Nuclear fission 
which takes place without particles or photons 
entering the nucleus from outside. The half- 
lives for decay by this process, which is ex- 
hibited by only the heaviest elements, are 
very long. 

FISSION, TERNARY. The division of a nu- 
cleus into three parts. There is question as 
to whetiicr this term should be applied to the 
frcquenlly-observed type of fission wherein a 
binall, charged nuclear fragment, such as a 
proton, a-partiole, triton, etc., is emitted dur- 
ing the process of splitting into two large frag- 
ments, or whether the term should be reserved 
for the phenomenon of splitting into three 
massive fragments, a process which has not 
been conclusively observed. 

FISSION YIELD. The fraction of fissions, 
usually expressed as a percentage, that gives 
rise to a specified nu(‘lide or a group of isobars. 
Since there arc two products per fission, the 
total of all fission yields for a given fission 
process is 200 per cent. The fission yield « 
curve is different for each mode of induced 
fission. 

FISSION YIELD, CHAIN. For a particular 
mass number, the sum of the independent 
fission yields of all the isobars having that 
mass number. 

FISSION YIELD CURVE. The characteris- 
tic fission yield curve (yield vs. mass number) 
is of the so-called “double-hump^^ shape. In 
the case of the two broad peaks are at 
masses 85-104 and 130“149, showing the prev- 
alence of asymmetric fission. There is a 
“trough” between them in the mass region 
corr(‘sponding to symmetric fission whose 
yield is of tl»e order of 0.1 per cent of the 
most probable asymmetric yields. 

FISSION YIELD, INDEPENDENT. The 
percentage of fissions giving rise to a par- 
ticular fission product nuclide only by direct 
formation from fission, not by decay from 
(‘arlier members of its fission chain. Also 
called primary fission yield. (See fission 
yield.) 

FISSIONABLE. Capable of undergoing nu- 
clear fission. (See fission, nuclear.) 




341 


Fitzgerald Factor — Flash Arc 


FITZGERALD FACTOR. The quantity 



originally appearing in the Fitzgerald-Lorentz 
contraction hypothesis. Now used with v 
denoting the relative velocity of two systems. 

FITZGERALD-LORENTZ CONTRACTION 
HYPOTHESIS. Hypothesis proposed by 
Fitzgerald in 1803 to account for the null 
result of the Michelson-Morley experiment, 
that in moving through the ether with veloc- 
ity V a body contracted in the direction of 
such motion in the ratio 



Applied in 1895 to tlic Lorentz theory of the 
electron. The si)ecial relativity thc'ory (see 
relativity theory, special ) yields the same 
contraction, but ascribes it to the relative mo- 
tion of the body and the observer rather than 
to the motion of the body through the ether, 

FIXATION. (1) The process of removing 
silver halides remaining in photographic emul- 
sions after development. Fixation is most 
commonly accompli'^hed by bathing the emul- 
sion in sodium thiosulfate solution ('‘hypo’’). 
(2) The concentration of the eye on an estab- 
lished point, i.e., the maintenance of the eye 
in such a position that the image of the point 
falls in the center of the fovea. 

FIXED-FREQUENCY TRANSMITTER. See 
transmitter, fixed-frequency. 

FIXED-POINT SYSTEM. A system of num- 
ber notation in which a number is represented 
bv a single set of digits, and in which the posi- 
tion of the radix point is not numerically ex- 
pressed. (See also floating-point system.) 

FIXED TRANSMITTER. See transmitter, 
fixed. 

FIZEAU EXPERIMENT. Confirmation of 
the conclusion of the ether-drag hypothesis 
that the velocity of light increases by an 
amount 



when moving through a medium, of refractive 
index n, which itself is moving with velocity 


n. A beam of light was divided into two 
parts wdiich were sent in opposite directions 
through two tubes filled with flowing water, 
and interference fringes were observed as a 
function of the velocity of the water. The 
result is also a consequence of special rela- 
tivity theory. (See relativity theory, special.) 

FIZEAU TOOTHED WHEEL. Fizeau 
measured the velocity of light by passing a 
beam through a rapidly-rotating, toothed 
wheel to a distant mirror, and returning the 
light through the same wheel. At low speeds 
the light returned through the same opening 
that it had started through. At higher speeds, 
no light could get back through the wheel 
since the w^heel had advanced by one-half the 
distance from the center of one tooth to the 
center of the next tooth. At still higher w'heel 
speeds, the returning pulse of light would pass 
through the next tooth opening. This type of 
experiment was soon replaced by a rotating 
mirror for experimental measurement of the 
velocity of light. 

FLAG. (1) The small metal piece w^hich 
hold^ the getter in a vacuum tube prior to 
exhalation. (2) A light shield for a television 
camera 

FLAGPOLE ANTENNA. Sec antenna, flag- 
pole. 

FLAME. A reaction or reaction-product, 
partly or entirely gaseous, which yields heat 
and more or less light, as the result of a chem- 
ical reaction, commonly oxidation. 

FLAME, LUMINOUS. A pale or bright 
colorcti flame, as a candle flame or a sodium 
light. This term is also applied to the inner 
cone 01 redaeing portion of the Bunsen flame, 

; lid to the inner purtb of other gas flames that 
.show twm portions. 

FLAME, NONLUMINOUS. A flame that is 
dark in color, and of little hrightnesLs; or the 
oxidizing or outer part of the Bunsen flame, 
and outer paris of other gas flames that show 
two portions. 

FLANGE, CHOKE. A low- loss, waveguide 
coupling. It consists of a half-wavelength, 
low-impedance line iniscrted in series with the 
waveguide at the joint. 

FLASH ARC. The sudden, sometimes de- 
structive, increase in emission of a thermionic 
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cathode thought to be due to irregularities in 
the cathode surface. 

FLASHBACK VOLTAGE. Tlic peak inverse 
voltage at which ionization occurs in a gas- 

tube. 

FLASH POINT. The lowest temperature at 
which a substance will decompose to an in- 
flammable gaseous mixture, demonstrable 
through its explosive quality. 

FLASHOMETER. A device for studying the 
time-intensity di.stribution of flashes of light. 

FLASH SPECTRUM. At the instant of sec- 
ond or third contact daring a total solar 
eclipse the edge of the moon is tangent to the 
photosphere of the sun as shown in llie figure. 



With the photosplicre iH) covered, the highly 
licaled atmosphere of the sun, known as the 
reversing layer and the chromosphere tA), 
flaslies into view. With the photosplicre cov- 
ered the continuous sped rum of the sun is 
cut off and the bright-line spectrum radiated 
by the atmosjjhere mav lx* obsen-ved. 

FLAT SPACE-TIME. S})ace-timc for which 
the Riemann-Christoffcl tensor vanishes. The 
metric can then always be chosen thus 

if -^4 = ict, 

F LBF S SYSTEM OF UNITS. Any system 
of units based on the choice of the foot, the 
pound force and the second as fundamental 
quantities. (See Introduction.) 

FLEMING VALVE. An early thermionic 
diode used as a detector. 

FLETCHER-MUNSON CONTOURS. Equal 
loudness curves for pure tones (see tone, 
simple), plotted as contours on a sound pres- 
sure-sound frequency graph. 

FLEXION-POINT EMISSION CURRENT. 
That value of current on the diode character- 
istic for w’^hich the second derivative of the 
current with respect to the voltage has its 
maximum negative Vfduc. This current cor- 
responds to the upper flexion point of the di- 


ode characteristic, and is an approximate 
measure of the temperature-limited emission 
current. 

FLEXURAL WAVE. See wave, flexural. 

FLEXURE. A term which is used to denote 
the curved or bent state of a loaded beam. 
A horizontally located beam, transversely 
loaded with vertically directed load, offers an 
example of load-eaiTying ability derived 
through flexure. In flexure, an elastic struc- 
tural material underg(X\s a deflection sufficient 
to set up in its material stresses which will 
support the load. Deflection i^mdcr load is an 
essential and necessary })art of the process of 
load carrying by a beam, for until the defler- 
tion ha^* occurred, there are set up in the beam 
no rcMsting forces. Tims if an unloaded beam 
is perfectly straight and horizontal, it must 
assume a slightly curved position if any exter- 
nal load is supiiorted by it. The only way 
in which a loaded beam could lie straiirlit 
Avould ho to have had an initial deflection in a 
direction opi)osite to the loading. 

FLICKER. The sensation prodiicrd by a fliic-# 
tiiation in brightness at a rate comparable to 
the reciprocal of tlie period of persistence of 
vi.sion. 

P'LICKER EFFECT. Minute variations in 
the cathode current of thermionic vacuum 
tubes which may be caused by random 
changes in cathode acti\ity or i)ositive ion 
emission. 

FLICKER PHOTOMETER HEAD. A 
bench photometer head in which, hy means 
of a rotating sector-disk, the two illumina- 
tions to bo comi)ared are jiresented to the ob- 
server in ra])id alternation (but not too 
rajiid), any difference between them being 
detected as a noticeable flicker. Tins tyi)e of 
photometer is especially useful when the 
sources are not of exact 1}^ the same color. 

FLIP-FLOP CIRCUIT. (1) An Eccics- Jor- 
dan circuit or bistable multivibrator. (2) The 
use of this term in color television, for color- 
phase alternation, should be avoided. 

FLOATING BODY, STABLE EQUILIB 
RIUM OF. See stable equilibrium of float- 
ing body. 

FLOATING BODY, UNSTABLE EQUILIB- 
RIUM OF. Sec unstable equilibrium of 
floating body. 
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FLOATING-POINT SYSTEM. A system of 
number notation in which two sets of digits 
are used, the added set being included to de- 
note the location of the radix point. (See also 
fixed-point system.) 

FLOATING POTENTIAL. The d-c poten- 
tial which appears at an open-circuit electrode 
when normal d-c potentials are applied to all 
other electrodes. 

FLOOD PROJECTION. A method of fac- 
simile pick-up which utilizes a completely il- 
luminated subject. Scanning is achieved by 
an aperture which moves between the subject 
and light-sensitive, pick-up de\’ice. 

FLOP-OVER CIRCUIT. Colloquialism for 
bistable multivibrator or trigger circuit. 

FLOQUET THEOREM. Given a linear dif- 
ferential equation willi jx^riodic coefficients 
that arc onc-valucd functions of the inde- 
pendent variable, Mich as Mathieu’s equation, 
then there exists a solution of tlie form y 

where V{x) is a iK-riodic function and 
is a constant The general solution of the 
differential equation is y = Ac^^^P{x) + 
Bf -^^P{-x)^ where the constants of integra- 
tion are A and B. 

FLOW CURVE. A graphical representation 
of the flow of a fluid. It may take the form 
of a graph of total shear against time, which 
would be linear for a Newtonian fluid (see 
fluid, Newtonian), but has a more eomplex 
shape for a thixotropic fluid (see fluid, thixo- 
tropic) . 

FLOW DIAGRAM. A graphical representa- 
tion of a sequence of operations. 

FLOW, LAMINAR. Flow in which sheets 
(or lamina) of fluid slide steadily over one an- 
other, as in streamline flow. (Sec flow, 
streamline.) 

FLOW, MEASUREMENT OF. For measure- 
ments of total flow along a pipe or channel, 
various sorts of flow meter are used. For 
measuring the flow velocity at a point, some 
form of anemometer is required. The most 
common is a Pitot-static tube, although hot 
wires, vane anemometers, pressure plates and 
many other methods have been used. 

FLOW METER. An instrument for measur- 
ing rate of flow, that is, the volume flow along 
a pipe or channel. Examples are the Ven- 


turi meter, the orifice plate, weirs of various 
forms and displacement meters. 

FLOW OF A FLUID. The nature of fluid 
flow depends on the physical properties of the 
fluid substance. The most simple behavior is 
shown by frictionlcss fluids, particularly in ir- 
rotational motion, but a considerable amount 
is known of the flow of Newtonian fluids (see 
fluid, Newtonian) in wliich the shear stress is 
propoilional to the rate of strain. The flow' 
of more complex fluids, c.g., Maxwellian and 
thixotropic fluids, ])rcsents problems of great 
difficulty. (See fluid, Maxwellian, and fluid, 
thixotropic.) 

FLOW, ROTATIONAL. Flow in which the 
vorticity appreciable and no velocity poten- 
tial function can be set up. Classes of rota- 
tional dow are th(‘ slow'' motion of a viscous 
fluid, motion of rotating fluids and turbulent 
motion. 

FLOW, SECONDARY. The flow in pipes 
and channels is frequently found to iiossess 
components at right angles to the axis. These 
components which take the form of diffuse 
vortices wdth axes parallel to the main flow 
form the secondary flow. Three types may be 
mentioned: (i) Secondary flow' m curved pipes 
or cliannels, being a motion outwards near 
the flow center and inwards near the w'alls. 
(ii) Secondary flow' in straight pipes and chan- 
nels of non-circular section, being a motion 
along the walls tow^ard corners or places of 
large curvature and from there to the center 
of the flow'. This only occurs in turbulent 
flow' (sec flow, turbulent), (iii) Secondary 
flow' in pulsating flow'. This is due to second 
order effects and is particulaily striking with 
ultrasonic waves. 

FLOW, SEPARATION OF. The flow of a 
slightly viscous fluid past a solid body closely 
resembles that of an inviscid fluid so long as 
the thin layer of retarded fluid near the wall 
is not brought to rest by the pros.sure gradi- 
ents of the flow. If iL is brought to rest, the 
whole flow separates from the surface and the 
direction of flow is reversed dowmstream of 
the position of flow separation. 

FLOW, STEADY. Flow in which the flow 
velocity at a point fixed with respect to the 
coordinates is independent of time. If the 
flow is turbulent, a flow in which the mean 
values are independent of time. Many com- 
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mon flows may be made steady by a suitable 
choice of the coordinates. 

FLOW, STREAMLINE. Flow in which fluid 
particles move along the streamlines. This 
motion is characteristic of viscous flow at low 
Reynolds numbers or of inviscid, irrotational 
flow, (See also flow, laminar; and flow, rota- 
tional.) 

FLOW, TURBULENT. Flow in which the 
fluid velocity at a fixed point fluctuates with 
time in a nearly random way. The motion is 
essentially rotational, and is characterized by 
rates of momentum and mas^^ transfer consid- 
erably larger than in the corresponding lami- 
nar flow. (See flow, laminar.) 

FLOW, UNIFORM. Flow steady in time, 
or flow which is the same at all jioints in 
space. 

FLOWING JUNCTION. A method of set- 
ting up a junction between two electrolytes 
which has important advantages for use in 
electrochemical mcaMirements, especially of 
electrode potential. In its simplest form, this 
aiTangcmont consists of an upward current of 
the heavier electrolyte meeting a dowmw^ard 
current of the other at a point wdiere a hori- 
zontal outlet tube joins the vertical tube 
through which the liquids enter 

FLUCTUATION NOISE. Random noise 
which has a unifonn energy versus frequency 
distribution. Examples are thermal noise 
and shot noise. 

FLUID. A state of matter in which only a 
uniform isotropic })ressure can be supported 
without indefinite distortion; so, a gas or a 
lifjuid. The distinction between highly vis- 
cous liquids and solids is a difficult one, the 
same material acting as an ordinary liquid 
under some circumstances and as a solid un- 
der others. 


FLUID, DIVERGENCE OF. The rate of 
decrease of the fluid density p is given by the 
equation of continuity, 

dp 

h div (pu) = 0 

dt 

where u is the flow velocity. A divergence of 
the mass flow pu implies that the density is 
decreasing. 

FLUID DYNAMICS. The study of the mo- 
tion of Newtonian fluids (sec fluid, Newto- 
nian), including viscid and inviscid, compres- 
sible and incompressible flow together with 
the phenomena associated with free surfaces 
and buoyancy forces caused by gravitational 
fields. The phrase carries the implication 
that the study is carried out from the physi- 
cal standpoint rather than the standpoint of 
practical engineering. 

FLUID, ELASTIC. A fluid for which elastic 
stresses and hydrostatic pressures are large 
compared with viscous stresses. 

FLUID EQUATION OF CONTINUITY. • 
See continuity equation. 

FLUID EQUATION OF MOTION. In the 

Eulcrian description of fluid motion, the C(iuji- 
tion of motion is, in tensor notation. 


dui 

p — -f pUj 


du^ 

dxj 


dxj 




where is the fluid velocity at position and 
time t, p is the fluid density, Pij is the stress in 
the Oji direction transmitted across an area 
with normal parallel to Oxj, is the external 
force acting. 

In the Lagrangian description, it is 


dut 

dt dxj 


where is now the velocity of a fluid particle 
which at time to was at the position oO*,. 


FLUID, CONVERGENCE OF. The local 
accumulation of fluid accompanying a nega- 
tive divergence of the flow velocity. 

FLUID DENSITY. The mass per unit vol- 
ume of fluid, measured in gm '.m”***, lb in.”^ 
or lb ft”®. It may t>c measured using areo- 
metric methods, floatu g hydrometers, specific 
gravity bottles, etc. 


FLUID EQUIPOTENTIAL SURFACE. A 

surface on which the velocity potential of the 
motion has a constant value, and consequently 
one evciywhere at right angles to the flow, or, 
in hydrostatic.s, a surface of constant gravita- 
tional potential and consequently a surface of 
constant pressure. 


FLUID FLOW. See flow of a fluid. 
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FLUID FLOW STAGNATION POINT. See 
stagnation point, fluid flow. 

FLUID FRICTION. The stresses which are 
set up in a fluid when it is distorted and which 
tend to convert the mechanical energy of the 
system to heat. Many simple liquids and 
most gases under ordinary conditions exhibit 
Newtonian viscosity, but suspensions and 
highly viscous liquids have more complicated 
responses to distortion. 

FLUID HOMOGENEOUS. A fluid whose 
properties are the same at all points. 

FLUID, INCOMPRESSIBLE. A fluid whose 
density is substantially unaffected by change 
of pressure. The behavior of a real fluid is 
similar to that of an incompressible fluid only 
if the pressure variations in the flow are small 
compared with tlic bulk modulus of elasticity. 
For a fluid in motion in a gravitational field 
with velocities of order r, it is necessary that 
both V and gh should ho small compared 
with the velocity of sound in the fluid, {h is 
the depth of the fluid and g the acceleration 
due to gravity.) 

FLUID, ISOTROPIC. A fluid whose local 
propeidies are mdejiendont of rotation of the 
axes of reference. A fluid may become ani.so- 
tropic as a result of shearing flow, proximity 
to a wall or application of a .strong electric 
field. 


FLUID MOTION, ENERGY EQUATION 
FOR. The expression of the conservation of 
energy for fluid motion takes two forms, de- 
pending on whether the flow is represented in 
Eulerian or Lagrangian .specification. Using 
the Eulerian method of analysis, the energy 
equation is 

_ d 

div[Jp(u-u)u + pu] + ~ {pU) + pg-u = 0 
at 

where p is the fluid density, u is the (vector) 
velocity at a fixed point in space, p is the local 
pressure, U is the internal energy per unit 
mass, g is the external force field. 

Using the Lagrangian method, the energy 
equation refers to the energy of a ]iarticular 
mags of fluid and is essentially the Ber- 
nouilli equation. (See Bemouilli law.) 

FLUID MOTION, IRROTATIONAL. Flow 
in which the curl of the flow velocity is every- 
where zero, and so a flow that can be described 
by a velocity potential. If the flow is also 
incompressible, the \clocity potential obeys 
the Laplace equation and solutions may be 
found by standard methods. 

FLUID, NEWTONIAN. A fluid in which 
the viscou^' .^tress(^s are a multiple of the rate 
of distojtion The constant (T proportional- 
ity is the fluid viscosity rj. In symbols, 



FLUID, MAXWELLIAN. A vi.sco-elastic 
fluid in which the stress tensor is related to 
the rate of strain 



where is the viscous .stress in the direction 
of flow, transmitted across a surface parallel to 

1 /^u^ 

the flow. - I 1’ - ) is the rate of strain 

2 \dx, dxj 

tensor. 

FLUID, PERFECT. A frictionless fluid 
which offers no resistance to flow except 
through inertial reaction. 


where is the fluid viscosity for steady motion, 
and TAf is the relaxation time of the elastic 
stresses set up by a sudden deformation. 

FLUID MECHANICS. The study of the 
mechanical properties of fluids, including hy- 
drostatics, hydraulics, hydrodynamics and 
gas dynamics (compressible flow). It is im- 
plied that problems of practical engineering 
are kept in mind. 


FLUID PARTICLE. A fluid particle or ma- 
terial particle is a hypothetical particle that 
moves with the flow velocity of the fluid. 
Owing to molecular diffusive movement, it 
may not be identified with a particular mole- 
cule, but the concept is useful in discussing 
the flow of fluids. 

FLUID, SLIP ALONG A SURFACE. See 
slip of a fluid along a surface. 
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FLUID, SLOW MOTION OF SPHERE IN 
INCOMPRESSIBLE VISCOUS. See slow 
motion of sphere in incompressible viscous 
fluid. 

FLUID, THIXOTROPIC, A fluid whose vis- 
cosity is a function not only of the shearing 
stress, but also of the previous history of mo- 
tion within the fluid. The viscosity usually 
decreases wuth the length of time the fluid has 
been in motion. Such systems commonly are 
concentrated solutions of substances of high 
molecular weight, or colloidal suspensions. 
(See thixotropy.) 

FLUID VELOCITY POTENTIAL. A func- 
tion of position in the flow, such that its gra- 
dient equals tlie fluid velocity everywhere , A 
velocity potential cannot be set up unless the 
flow is irrotational. 


FLUID, VISCOUS. A fluid with an appre- 
ciable fluid friction, usually one in which the 
frictional stresses are described by a single 
Newdonian coefficient of viscosity, i.c,, the 
stress tensor Pij is related to the rate of strain 
tensor 



where is the fluid viscosity. 


FLUID, VISCOUS, EQUATION OF MO- 
TION OF. The equation of motion of a vis- 
cous, incompressible fluid with a Newtonian 
viscosity is 


dUt 


dXj 


dp 


where i/* is the flow velocity, p is the fluid 
density, p is the hydrostatic pressure, rj is the 

viscosity, is the Laplacian operator, — r- 

dUj 

If the motion is very slow, stresses due to 
acceleration of the fluid may be neglected in 
comparison with the viscous stresses, and the 
velocity field satisfies the equation, 

aV 


where ^ is a stream (oi current) function for 
the flow. 


FLUID, VISCOUS, FLOW BETWEEN Ra 
TATING CYLINDERS. The only practical 
realization of Couette flow. For low relative 
velocities of rotation of the cylinders, the flow 
is laminar (see flow, laminar) and the trans- 
mitted torque is, per unit length, 


where y) is the fluid viscosity, Riy Ro are the 
radii of the inner and outer cylinders, Hi, 
are the angular velocities of the inner and 
outer cylinders. 

If the angular momentum of flow decreases 
outwards from the axis, i.e , if the inner cyl- 
inder only rotates, the flow becomes unstable 
to small disturbances at a comparatively low 
velocity of rotation. If the angular momen- 
tum increases outw^ards, the flow is stable to 
small disturbances and laminar flow persists 
to much higliiT velocities of rotation, and, in 
this form, the arrangcMnent is suitable for the 
measurement of the viscosity of liquids and 
gases of small viscosity 


FLUID, VISCOUS, STEADY FLOW 
THROUGH CIRCULAR PIPE. For small 
flow velocities, the flow of a viscous fluid 
through a circular pipe of radius r and length 
I is laminar (sec flow, laminar) , the velocity 
profile is parabolic and the relation between 
volume flow and longitudinal gradient of hy- 
drostatic pressure is 


irr^Um = 


I. 

8rj I 


w^here irr^Um is the volume flow, 7 ; is the fluid 
viscosity, (p^ — PL»)/i is tlic pressure gradient. 

The flow is laminar and steady if the 
Reynolds number of the flow, 2prUm/’ny is less 
than 200 (), and then the measurement of total 
flow for a known head provides a convenient 
and accurate method of measuring viscosity. 


FLUIDITY, The property of a substance 
that expresses its ability to flow, as contrasted 
with viscosity, which is the resistance to flow. 
Fluidity is a measure of the rate at which 
a fluid is deformed by a shearing stress, and is 
mathematically the reciprocal of the viscosity. 

FLUIDITY, UNITS OF. The unit of fluid- 
ity in the cgs system of units is the inverse 
poise, i.e., cm sec. 
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FLUORESCENCE. (1) The process of emis- 
sion of electromagnetic radiation by a sub- 
stance as a consequence of the absorption of 
energy from some other radiation, which may 
be either electromagnetic or particulate, pro- 
vided that the emission continues only as long 
as the stimulus producing it is maintained. 
That is, fluorescence is a luminescence which 
ceases within about 10“ ” sec after excitation 
stops; this period of time being the lifetime 
of an atomic state for a normal allowed 
transition. (2) The term fluorescence may 
also be applied to the radiation emitted, as 
well as to the emission process. (3) See 
fluorescence, x-ray. 

FLUORESCENCE, IMPACT. Sec impact 
fluorescence. 

FLUORESCENCE, X-RAY. In x-ray termi- 
nology, the term fluorescence may be used in 
the more si)ecific sense (than given in the gen- 
eral definition aliovc) to denote the character- 
istic x-rays (se(‘ x-rays, characteristic) emitted 
as a result of the absorption of x-rays of 
higher frequency. 

FLUORESCENCE YIELD. The probability 
that an atom whose ('lectronic stnicture has 
been exeiled v\ill emit an x-ray photon, in 
tlic first transition, rather than an Auger elec- 
tron. The vahie of the fluorcscenee yield lies 
l)et\^een 0 and 1, characteristic of the par- 
ti('ular state of excitation of an atom of a 
jiaiticular element The K-shell fluoreset'iiec' 
yield increases with increasing atomic number, 
and is the sum of the K — > Ln , K Lm 
transitions. 

FLUORESCENT SCREEN, A plate coated 
with a material readily fluorescent. It is used 
to observe certain patterns or other properties 
of invisible radiations, such as x-rays, from 
the fluorescent radiations emitted by the 
screen. It is also used to form the visible 
image in cathode-ray tubes as used in oscillo- 
scopes and television tubes. 

The distinction between fluorescent and 
phosphorescent screens is frequently not 
clearly defined. Fluorescent screens arc prop- 
erly those with only a very short glow-period 
after the exciting radiation (or electron beam) 
is extinguished. 

FLUORINE. Gaseous element. Symbol F. 
Atomic number 9. 


FLUOROMETER. (1) An instrument for 
the measurement of fluorescence. (2) A de- 
vice for photometric measurements in the 
ultraviolet by means of the fluorescence pro- 
duced by it. 

FLUOROMETRY. Measurement of the in- 
tensity and color of fluorescent radiations. 

FLUOROSCOPE. (1) An apparatus for the 
determination of fluorescence by visual com- 
parison, by means of an optical system, with 
a standard. (2) A screen of fluorescent ma- 
terial used to transform invisible radiation 
(x-rays, y-rays, etc.) to visible light. 

FLUTTER. In communication practice, (1) 
distortion due to variations in loss resulting 
frohi the simultaneous transmission of a sig- 
nal at another frequency, or (2) a similar 
elToct due to jfliase distortion. (3) In record- 
ing and reproducing, the deviations in repro- 
duced sounds from their original frequencies, 
which result in general from iii'(‘gular motion 
during recording, duplication or reproduction. 
The colloquial term “wow^ is defined in the 
same way, but is commonly applied to rela- 
tively slow variations (for example, one to 
five or six repetitions per second) which arc 
recognized aurally as pitch-fluctuations, in 
colit radistinclion to the roughening of tones, 
which is the most noticeable effect of rapid 
fluctuations. A constant difference in pitch 
such as results from a difference in the aver- 
age speeds (luring n^ording and reproduction 
is not inclialed in the meanings of the terms 
"wow,” "flutter,” and "drift.” By an exten- 
sion of their meanings, the terms “flutter” and 
“wow'” arc used in designate variations in 
speed itself or variations in recorded wave- 
lengths. Although most recorded sound com- 
prises multitudes of tones, it is convenient to 
refer to flutter as variations in frequency, as- 
suming the recorded sound to have been a 
single, steady tone. 

FLUTTER ECHO. See echo, flutter. 

FLUTTER INDEX. A measure of the per- 
ceptibility of Ireciuency modulation in a single 
tone. Based on data presented in an article 
entitled “Analysis of Sound Film Drives,” by 
W. J. Albcrscheim and D, MacKenzie, Jour. 
Soc. Mot, Piet. Eng., 37, 453, 1941. An ap- 
proximate fonnula for flutter index for con- 
tinuous tones in a moderately live room is as 
follows: 
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Afx kfx 

r lOOr 

Cr 

where A/ is the rms deviation of frequency 
from mean in cycles, / is the frequency of tone, 
k is per cent rms flutter, I is flutter index, r 
is flutter rate, x is % for rates greater than 
5 cps. 

For flutter rates of 1 to 5 cps, the following 
relations are suggested: 


r 



from which, when / = 3000 cps, / = fc. 

For flutter rates less than 1 cps, the follow- 
ing relations are suggested: 





from which, when / = 3(KK) cps, / = At. 

For the general case, wlicrein x - the 
flutter index, when multiplied by 6V2, is the 
argument of the Bessel functions of the first 
kind, and tlie coefficients of the various orders 
of the Bessel functions have been sho\vn to 
represent the amiilitudos of the corresponding 
orders of the side-frequencies present in a fre- 
quency-modulated tone. 

For flutter rates above 5 cp«, the car ap- 
parently hears the sidc-frcquencies as ex- 
traneous effects, and therefore will perceive 
approximately the minimum-flutter at the 
same value of flutfer index over a wide range 
of signal-frequencies, percentages of flutter, 
and rates (assuming relatively constant acous- 
tic conditions). For flutter rates less than 5 
eps, the ear apparently distinguishes the time- 
frequency variation rather tliaii the discrete 
side-frequencies, and so the exjiression which 
describes the phenomena becomes more com- 
plicated. The flutter index of any given de- 
vice having a constant per cent flutter will 
vary with the signal-frequency so that the 
test-frequency should always be stated, the 
flutter index will be assumed to refer to a 
standard test tone of 3000 cycles per second. 

FLUTTER, PER CENT. The per cent flutter 
in a reproduced tone is the root-mean-square 
deviation from the average frequency, ex- 
pressed as a percentage of aver'ige frequency. 

FLUTTER, PER CENT TOTAL. Per cent 
total flutter is the value of flutter indicated 


by an instrument which responds uniformly to 
flutter of all rates from 0.5 up to 200 cycles 
per second. Except for the most critical tests, 
instruments which respond uniformly to flutter 
of all rates up to 120 cycles per second are 
adequate, and their indications may be ac- 
cepted as showing per cent total flutter. 

FLUTTER RATE. The number of frequency- 
excursions in cycles per second, in a tone which 
is frequency-modulated by flutter. Each 
cyclical variation is a complete cycle of devia- 
tion, for example, from maximum-frequency 
to minimum-frequency and back to maximum- 
frequency at the rate indicated. If the over- 
all flutter is the resultant of several compo- 
nents having different repetition rates, the 
rates and magnitudes of the individual com- 
ponents are of primary importance. (See 
flutter index.) 

FLUX. (1) A quantity proportional to the 
surface integral of the normal (perpendicu- 
lar) force field intensity over a given area. 



w here is the normal component of a field, 
(eg., gravitational, electric, magnetic), and 
K is the constant of proportionality between 
the field and the flux density (permittivity, 
permeability, etc.). (See also electric flux 
density; magnetic flux density.) (2) A term 
which denotes the volume or mass of fluid or 
particles transferred across a given area per- 
pendicular to the direction of flow in a given 
time. 

There are many specific applications in 
physics of the term flux. For electromagnetic 
radiation, it signifies the energy per unit time, 
or the power passing through a surface. For 
photons or particles, flux is the number per 
unit time passing through a surface. In nu- 
clear physics, flux commonly means the prod- 
uct nVf where n is the number of particles per 
unit volume and v is their mean velocity. 

FLUX-AMPERE-TURN LOOP. See dynamic 
hysteresi.s loop. 

FLUX-CURRENT LOOP. See dynamic hys- 
teresis loop. 

FLUX, ELECTRIC. The flux of a general 
vector field through a given surface is propor- 
tional to the surface integral of the normal 
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component of the field. This concept is use- 
ful primarily because the flux through a 
closed surface, due to an inverse square law 
field, depends only upon the sources enclosed 
by the surface, and not upon the size or shape 
of the enclosing surface. (See field, electric; 
electric flux density; and induction, electric.) 

FLUX EXCLUSION. See Meissner effect. 

FLUX, GRAVITATIONAL. The surface in- 
tegral of the normal component of the gravi- 
tational field over a given area or the product 
of that integral by the inverse of the gravita- 
tion constant. (See flux.) 

FLUX GUIDE. In induction-heating usage, 
magnetic ma^(‘rial to guide electromagnetic 
flux in (lo‘^ire<l paths. The guides may be used 
either to direct flux to preferred locations or 
to prevent the flux from spreading beyond 
definite regions. 

FLUX LINKAGE. Since magnetic induction 
(flux density) is solenoidal 

(V.B = 0), 

any closed contour links a definite amount of 
flux. This flux linkage 

4, = J BdS 

plays an important role in the basic relations 
of electromagnetism. 

FLUX, LUMINOUS. The time rate of flow 
of luminous energy or the radiant flux (see 
flux, radiant) evaluated by means of the 
standard luminosity function. 

FLUX, MAGNETIC. Sec magnetic flux. 

FLUX OF DISPLACEMENT. See induc- 
tion, electric. 

FLUX, RADIANT. The time rate of transfer 
of radiant energy. (See energy, radiant.) 

FLUX REFRACTION. When a ferromag- 
netic body composed of two pieces of different 
magnetic permeability is placed in a magnetic 
field, or when a dielectric composed of two 
adjacent portions of different dielectric con- 
stant is placed in an electric field, the lines of 
magnetic induction in the former case, and 
the lines of electric displacement in the latter, 
if oblique to the interface, abruptly change 
their direction. The phenomenon is thus 


somewhat analogous to the refraction of light. 
But the law is different. Whereas, in the case 
of light the ratio of the sines of the angles of 
incidence and refraction is constant, in the 
ease of flux refraction it is the ratio of the 
tangents of the angles that is constant. 

For an electric current flowing across a 
boundary between two conductors of different 
electrical resistivity, there is a refraction of 
the lines of flow, likewise obeying the tangent 
law. 

FLY-BACK. (1) The shorter of the two in- 
terval;^ of time vhich comprise a s<wtooth 
A wave. (Sec wave, sawtooth.) (2) The re- 
^ trace motion of an electron-beam, as, for 
example, in a picture tube. 

FLYWHEEL. A heavy wheel with a large 
moment of inertia (generally obtained by eon- 
c(‘ntrating most of tlje mass on the rim) such 
that small find nations in the torque do not 
affect the unifonnity of the motion appre- 
ciably. 

FLYWHEEL DAMPER. Sec free-wheeling 
diode. 

FLYWHEEL EFFECT. The ability of a 
resonant circuit, be(‘ause of its energy storage, 
to operate continuously from short pulses of 
energy of constant frequency and ])hase. 

FLYWHEEL SYNCHRONIZATION. The 
synchronization of a sinusoidal oscillator with 
the use of pulses of constant phase and fre- 
quency. 

FOCAL COLLIMATOR. A type of collima- 
tor consisting of an objective lens at one end 
of a tube, and a pair of cross hairs placed 
accurately in its focal plane at the other end, 

FOCAL ISOLATION. The focal length of 

an ordinary single lens is greater for longer 
waveh'iigths. By placing a screen with a pin- 
hole at the proper distance from a simple 
crystal-quartz lens, long wavelength infrared 
radiation focused on the pinhole will pass 
through, wliile very little of other wavelengths 
not focused on the hole will pass through and 
^ these can be further eliminated by a small 
screen. The method of focal isolation is now 
largely obsolete. 

FOCAL LENGTH. The distance from the 
second principal plane of an optical system to 
the point at which rays initially parallel to the 
axis of the system intersect that axis. 
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FOCAL LENGTH, FRONT. See front local 
length, 

FOCAL LENGTH, REDUCED. See’ re- 
duced focal length. 

FOCAL LINE. One of the two very short 
lines in the principal sections of a narrow 
astigmatic bundle of light rays, characterized 
by the fact that all of the rays intersect these 
two lines. 

FOCAL PLANE OF A LENS. A plane nor- 
mal to the optical axis of a lens and passing 
through a focus of that lens. 

FOCAL POWER. A somewhat oI)jcctionable 
name for the reciprocal of the focal length of 
a lens, mirror or optical system. 

FOCOMETER. An instrument for measur- 
ing the focal length of an optical system. 

FOCUS. Sec conic section. 

FOCUS, PRINCIPAL OR FOCUS POINT. 

All rays which are emitted from the principal 
focus in the object space will be parallel to 
the optical axis after paftsing through the op- 
tical system. All rays which enter the optical 
system parallel to the optical axis will meet 
at the princii)al focus in the image space after 
interception by the optical system, 

FOCUSING. The process of controlling the 
convergence and divergence of an electron 
beam, or of a beam of radiation. 

FOCUSING COIL OR FOCUSING MAG- 
NET. An as.scmbly producing a magnetic 
field for focusing an electron beam. 

FOCUSING CONTROL. In cathode-ray 
equipment, the control whereby the electron 
beam is made to meet the fluorescent screen 
in a small, well-defined spot. 

FOCUSING DUE TO ELECTRON DE- 
FLECTION. Any electrostatic deflection 
system is also a converging cylindrical lens. 
Thus, it will cause a beam of electrons travel- 
ing in a parallel path to focus at some point 
after passing through the deflection system. 

FOCUSING ELECTRODE. An electrode to 
which a potential is applied to control the 
cross-sectional area of the el ctron beam. 

FOCUSING, ELECTROSTATIC. A method 
of focusing an electron beam by the action of 
an electric field. 


FOCUSING, MAGNETIC. A method of fo- 
cusing an electron beam by the action of a 
magnetic field. (See electron lens.) 

FOEHN WIND. On the lee side of moun- 
tains, air flowing downhill dry-adiabatically 
with attendant heating. 

FOG. (1) Extra-spectral blackening of a 
photographic cinuLsion. (2) A two-phase sys- 
tem consisting of liquid or solid particles or 
droplets dispersed in a continuous gaseous 
phase. Condensation and consequent forma- 
tion of water droplets (or ice crystals) in the 
air at the earth’s surface will produce a fog. 
Fogs are classified in many ways. One of the 
simplest is the use of formation cause or 
process as a basis for difTerentiation among 
the various types, which has been followed 
in the following definitions. 

FOG, ADVECTION. Fog that owes its exist- 
ence to the flow of air from one type of sur- 
face to another. Surface temperature con- 
trast between two adjacent regions is neces- 
sary in causing the formation of advocation 
fogs (1) The usual type of advcction fog is 
formed when relatively \\arTn and moist air 
drifts over much coJdcT land or w atcT surfaces 
Examples of this ^vpe are found over land 
when moist air drifts over snow-covered areas, 
or over water when moist warm air drifts over 
currents of vei*y cold water The latter hap- 
})ens w’lth soutlierly or easterly winds blowing 
from the Gulf Stream over the Labrador cur- 
rent. (2) Coastal and lake advcction fog 
forms when warm and moi.st air flows offshore 
unto cold water (sumnier), or when warm 
moist air flows onshore over cold or snow- 
covered land (winter). (3) Rea smoke, arctic 
fog, or steam fog forms in veiy cold air when 
it flows over warm water. 

FOG CHAMBER. A confined space in which 
supersaturation of air or other gas is produced 
by reduction of i)ressure, cooling, or other 
means, in order to study the movement and 
interaction of electrified particles by the con- 
densation (fog tracks) they produce. (See 
cloud chamber.) 

FOG DENSITY. The density of an unex- 
posed portion of a sensitometric strip. The 
density due to fog is not the same in the ex- 
posed steps as in the unexposed portion of the 
sensitometric strip. The relation between the 
fog density and the total density is compli- 
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cated, but in general it may be said that, as 
the total density increases, the fog density 
becomes less and less. This is due to the fact 
that the by-products released in the develop- 
ment of the exposed silver halide restrain the 
development of fog. Hence, in the higher 
densities, the development of fog is restrained 
to a greater degree than in the lower densities. 

FOG, PRECIPITATION. A fog formed in 
layers of air which are cooler than the pre- 
cipitation which is falling through them. The 
greater the temperature difference between 
relatively warm rain (or snow) and the colder 
air layer, the more rapidly will the fog de- 
velop. Fogs associated with fronts are largely 
precipitation fogs. 

FOG, RADIATION. A fog that develops in 
nocturnally-coolcd air in contact with a cool 
surface. Radiation fog forms o\er land and 
not over water because water surfaces do not 
appreciably change their temperature during 
hours of darkness. 

FOG TRACKS. Linear regions of condensa- 
tion, produced in air or other gases that are 
supersaturated with water vapor, by the pas- 
sage of electrified particles Fog tracks are 
useful ill following tin’ courses and collisions 
of such particles. (Sec cloud chamber.) 

FOG, UPSLOPE. A fog caused by dynamic 
cooling in air flowing uphill Upsloj^e fog 
will form only in air that is convectively stable 
(see atmospheric stability) never in air that 
IS unstable, because instability permits the 
formation of cumulus clouds and vertical cur- 
rents. 

FOLDED DIPOLE ANTENNA. See an- 
tenna, folded dipole. 

FOLLOW-UP SYSTEM. Colloquialism for 
servomechanism. 

FOOT. Unit of length, abbreviation ft or f. 

(1) British: One-third of an imperial yard 

(2) U.S.: one-third yard or 1200/3937 meter, 

FOOT-CANDLE. A unit of illuminance or 
luminous flux density when the foot is taken 
as the unit length. It is the illuminance on a 
surface one square foot in area on which there 
is a uniformly-distributed flux of one lumen, 
or the illuminance at a surface all points of 
which are at a distance of one foot from a 
uniform source of one candle. The term is 
synonymous with lumen per square foot. 


FOOT-LAMBERT. A unit of luminance 
equal to I/tt candle per square foot, or to 
the'unifonn luminance of a perfectly diffus- 
ing surface emitting or reflecting light at the 
rate of one lumen per square foot. A foot- 
candle is a unit of incident light and a foot- 
lambert is a unit of emitted or reflected light. 
For a perfectly reflecting and perfectly diffus- 
ing surface, the number of foot-candles is 
equal to the number of foot-lamberts. 

FOOT POUND. (1) A unit of work or en- 
ergy in th(' f Ibf s system of units, being the 
work done w'hen an average force of one pound 
(force) produces a displacement of one foot in 
tlie direction of the force. 

(2) A unit of moment or torque f Ibf s sys- 
tenT of units bidng the time rate of change 
of angular momentum produced by a force 
of one pound acting at the end of; and per- 
piuidicular to, a radius of one foot from the 
axis of rotation. More commonly referred to 
as a pound foot (to distinguish from the unit 
of wmrk). 

FORBIDDEN BAND. In the band theory 
of solids, a range of energies m w’hich there 
are no (‘lc( tronit* levels 

FORBIDDEN TRANSITION. In quantum 
nu'chanical terms, a transition betw'oen twm 
state.^ of a system for which the change in 
quantum numbers is oiu* that, under the ap- 
proi)nate Pauli selection rules, makes the 
transition loss probable than competing al- 
lowed li.insjtion i^soe transition, allowed) 

other things, bucli as the energy change, being 
equal As a case in point, transitions involv- 
ing changes of 2 or more in angular momen- 
tum, in units of A/27r, have often a smaller 
probability of occurrence than a possible 
vunpeting “allow^d'^ transition involving a 
change of only 1. Cases in wdiich “forbidden"' 
transitions occur are: 

(1 ) Intercombination lines such as the 
2.)37 A line (2'’*Pj — USo) in the spectrum 
of^ mercury violate the selection rule of 
SS = 0. However, this rule is true only for 
pure Russell-Saunders coupling (see coupling, 
Russell-Saunders) , and with increase in atomic 
number, spin-orbit interaction becomes more 
effective. 

(2) The selection principles are deduced 
by analogy of the behavior of an electrical 
dipole, and therefore systems having a quad- 
rupole moment exhibit the effects of transi- 
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tions forbidden for dipoles, but not for quad- 
rupole radiation. 

(3) Forbidden transitions may occur as’the 
result of variable magnetic dipole moment. 

(4) Forbidden transitions may occur by 
the action of strong electric fields, either ap- 
plied externally or produced by neighboring 
atoms or ions (enforced dipole moment). 

FORBroOEN TRANSITION, NUCLEAR. 

The term forbidden transition has been taken 
over from optical spectra and applied to ^-ray 
spectra. Those transformations of a nucleus 
which result in a change of more than one 
unit of angular momentum are characterized 
by this term even when they are highly prob- 
able as a result of the orbital angular mo- 
mentum of the electron and the neutrino. 

FORCE. (1) In dynamics, the physical agent 
which causes a change of momentum, meas- 
ured by the time rate of change of momentum. 
If the speeds involved are low compared with 
that of light, a force may be defined as pro- 
portional to the mass m of a body and to the 
acceleration a of the body which is produced 
by the force. Thus f = frwa, where /c is a 
constant for a given system of units, and has 
the dimensionless value unity in length-mass- 
time systems or 1/g in length-force-timc sys- 
tems, g being the acceleration due to gravity. 
Force is a vector quantity, requiring both a 
magnitude and a direction for its complete 
specification, 

(2) In statics, the physical agent which 
produces an elastic strain in a body. Static 
forces are equated to dynamic forces by the 
method of allowing a weight to produce a 
strain and tlien by allowing the same w'eighl 
to fall under the action of gravity. 

(3) From its initial conception, which was 
purely mechanical as expressed in (1) and 
(2), above, the term force extends to denote 
loosely any operating agency. (See electro- 
motive force; magnetomotive force; coercive 
force; and other special entries under this 
term which follow.) 

FORCE, ATTRACTIVE. A force acting on 
a particle such that the acceleration of the 
particle is in the direction of the agency re- 
sponsible for the force. Tin.'- agency can be 
another single particle, a collection of par- 
ticles or a region act..iig as the source of a 
field. 


FORCE, CENTRIFUGAL. See centrifugal 
force. 

FORCE CONSTANTS OF LINKAGES. Ex- 
pressions of the forces acting between nuclei 
tx) restrain relative displacement. They pro- 
vide the means of measurement of the re- 
sistance to stretching of the valence bond and 
the resistance to deformation of the valence 
angle, and they express these factors mathe- 
matically. 

FORCE, EFFECTIVE. See effective force. 

FORCE, EXCHANGE. See cjtchange force. 

FORCE FACTOR, (a) The force factor of 
an elcetromeohanical transducer (see trans- 
ducer, electromechanical) is; (1) the complex 
quotient of the force required to block the 
mechanical system divided by the correspond- 
ing current in the electric system; (2) the 
complex quotient of the resulting open-circuit 
voltage in the electric system divided by the 
velocity in the mechanical system. Force 
factors (al) and (a2) have the same magni- ^ 
tude when consistent units arc used and the 
transducer satisfies the principle of reciproc- 
ity. (See reciprocity theorem, acoustical.) 

It is sometimes convenient in an elec+ro^tatic 
or piezoelectric transducer to use the ratios 
between force and charge or electric displace- 
ment, or between voltage and mechanical dis- 
placement. 

(b) The force factor of an electroacoustic 
transducer (see transducer, electroacoustic) 
is: (1) the coinjilex quotient of the pressure 
required to block the acoustic system divided 
by the corresponding current in the electric 
system; (2) the complex quotient of the re- 
sulting open-C'rcuit voltage in the electric 
system divided by the volume velocity in the 
acoustic system. Force factors (bl) and (b2) 
have the same magnitude when consistent 
units are used and the transducer satisfies the 
principle of reciprocity. 

FORCE FIELD, CONSERVATIVE. A field 
whose force components satisfy the condition 

F - -VV 

where F is a scalar function of position only. 
This demands that V X F = 0. The work 
done by a conservative force on a particle in 
its motion between two given points is inde- 
pendent of the path. (See energy, potential.) 
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FORCE FUNCTION. The negative of the 
potential energy of a mechanical system. 

FORCE, HEISENBERG. See Heisenberg 
force. 

FORCE, IMPRESSED. Any external force 
acting on a particle in a dynamical system. 
The resultant force on each such particle can 
always be resolved into a resultant external 
impressed force and a resultant internal con- 
straint force. Thus in the case of a particle 
suspended by a string, the weight is the im- 
pressed force and the tension in the string is 
the constraint force. (See constraint.) 

FORCE, INSTANTANEOUS (INSTANTA- 
NEOUS MECHANOMOTIVE FORCE). 

The instantaneous force at a point is the 
total instantaneous force. 

FORCE, LINE OF ACTION OF. The di- 
rection along which a force acts. This direc- 
tion can be specified in terms of the direction 
co.sines of (lie force vector with respect to the 
coordinate .system used. 



U = F cos a,F^-F cos p and F^- F cos 
y then a, p and y specify the direction of tlie 
line of action of the force. 

FORCE, “LOST.” In the application of the 
d’Alembert principle by the method of Mach, 
the “lost” force on the ith particle of a dy- 
namical system is equal to the difference be- 
tween the external impressed force and the 
effective force, the latter being equal to the 
mass times the acceleration of the jth particle. 

FORCE, MAJORANA. See majorana force. 

FORCE, MAXIMUM (MAXIMUM MECH- 
ANOMOTIVE FORCE). The maximum 
force for any given cycle is the maximum 


absolute value of the instantaneous force dur- 
ing that cycle. The unit is the dyne. 

FORCE OF CHARGED SYSTEM. If the 

conductors of a charged set are allowed to 
move, hence to let the system do work, the 
energy change of the system is given by: 

dU = ^V,dgi - 7^F,d^i 

where F, is the force, in the direction of the 
displacement dL, on the ith conductor. If the 
charges are held constant, dqi = 0, and we 
have 



If the potentials are held constant, write 
’ d{U - 2F.g.) = -Sg.dF,- - SF.df,- 

but 

U - 2F,g, = ^2T^g, - SV.g, U 

(see energy of a charged system) so that 
dU = 2q,dVi -1- 

and 



Note that for constant potential, the energy of 
the .system inerea.ses at the same rate mechan- 
ical work i.s done; the sources of potential sup- 
ply twice as much energy as needed for the 
mechanical work. The derivatives 

\sUv 

can readily be expressed in terms of 
and — » 

using the expressions for the energy of a 
charged system in terms of coefiBcients of po- 
tential and induction. Replacing force {Fi) 
by torque and linear displacement 
by rotation the foregoing relations yield 
the torques of the charged system. 

FORCE ON A RIGID CIRCUIT. (See en- 
ergy of a system of current circuits.) If the 
circuits are rigid, motion will change the 
mutual inductances, but not the self- 
inductances, Li = Mij. The change of energy 
of the current system, with motion of the 
circuits, is: 
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dU « + 22/i7ydM,7 - ^Fidii 

dM,i 

= 22Mo/id/, + 2227 

dii 

- 2Fzdf/ 

80 for constant currents: 



and 

/dU\ 1 

( — ) 

\dfi// I 

from the expression for the energy of a system 
of circuits. Therefore 

Ft = \i:^^IJ,dMJdki 

and the forces arc such as to increase the 
mutual iiuiuctanccs. As in the case of a 
charged system, the energy of the system in- 
creases as it docs work; the set of clcctroino- 
five forces maintaining the currents docs work 
at twice the rate that mechanical work is 
done. Sul)fetitution of torque for force, and 
rotation for (lisplacomciit, in the foregoing 
yield the torques on the rigid elements of a 
system of circuits, 

FORCE ON CONDUCTOR. A charge dq 
moving with velocity v through a steady mag- 
netic field of flux density B experiences a force 

F = dq{\ X R)- 

If the charge is moving along a conductor, 
dq\ = ld\, so the force on an clement cfl of a 
conductor is 


F = 7(/l X B. 

FORCE PEAK (PEAK MECHANOMOTIVE 
FORCE). The peak force for any specified 
interval is the maximum absolute value of the 
instantaneous force during that interval. 

FORCE, RESTORING. The elastic force 
which acts on a particle or portion of a me- 
chanical system when displaced from ecjiiilib- 
rium and w'hose direction is such as to return 
the system to equilibrium. In simple cases, 
the restoring force is linear, i c., proportional 
to the first power of the disiaT.ee. For some 
physical systems, ho /’ever, the restoring force 
may be proportional t.; the second or higher 
power of the distance. 


FORCE, SHORT-RANGE. See short-range 
force. 

FORCE, SPIN-DEPENDENT. See spin-de- 
pendent force. 

FORCE, TANGENTIAL. A force associated 
with a wheel or disk always acting perpen- 
dicular to the radius, e.g., frictional force be- 
tween rolling wheel and a surface, or frictional 
force between a belt and a pulley wheel. 

FORCE, TENSOR. See tensor force. 

FORCE, TWO-BODY. See two-body force. 

FORCE, UNITS OF. A proper force unit 
must have the following dimensional fonn in 
mass, length and time: 

MLT-2. 

There are two basic systems of force units, 
absolute and gravitational. The absolute sys- 
tem defines the force m terms of the effect 
which gives a unit mass a particular accelera- 
tion. 

The gravitational system define.s tlie force 
m tenns of the acceleration of gravity on a 
unit mass at a particular ])oiiit in the carllj\> 
gravitational field. In the absolute system, 
there are throe types of units: 

(1) Metric c g sec. A force of one dyne 
gives a mass of one gram an acceleration of 
one crn/scc^. 

(2) Knghsh Ibm ft sec. A force of one 
poundal gives a mass of one pound an ac- 
celeration of one ft/scc“. 

(3) Metric m kg see. A force of one now- 
ton gives a mass of one kilogram an accelera- 
tion of one metcr/sec^. 

In the gravitational system there are two 
types of units: 

(1) English Ibf ft see. A force of one 
pound IS the force with wliich earth accelerates 
a mass of one pound at a point where 
g - 32.174 ft/sec^. 1 pound = 32.174 pound- 
als. 

(2) Metric c gf sec. A force of one gram 
is the force with which earth accelerates a 
mass of one gram at a point where g - 980.665 
cm/sec-. 1 gram = 980.665 dynes. 

FORCE, WIGNER. See Wigner force. 

FORCES, CONCURRENT. A system of 
forces such that there exists a single point 
common to all the lines of action of the forces. 




ass 
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FORCES, COPLANAR. A system of forces 
such that the lines of action of all the forces 
lie in a single plane. 

FORCES, PARALLEL. A system of forces 
such that the lines of action of all the forces 
are parallel to each other 

FORCES, PARALLELOGRAM OF. A geo- 
metrical representation by which the sum or 
difference of two concurrent forces A and B 
can be considered as the diagonals of a paral- 
lelogram. The two adjacent sides are propor- 
tional in length to the magnitude of the forces 
and their directions coincide with the lines of 
action of the forces. The diagonal represent- 



Piinillcloj^iani of foicci» 


ing the sum j)asscs through the origin of the 
two vectors. The diagonal representing the 
difference passe^^ through the extremities of 
the two vectors. 

FORCES, POI.YGON OF. A geometrical 
r(‘presentation by which the sum of two or 
more concurrent forces can l^e determined by 
the successive vector addition of the forces 
involved 

Ri = A -f B 

R2 == A -f- B + C = Ri -|- C 

R3 = A-l-B-f“C + D = R2 + D. 

Each force is represented by a vector pro- 
portional in length to the force magnitude and 
coincident in direction with the line of action 
of the force. 



Polygon of forces 


FORCES, TRIANGLE OF. Three concur- 
rent forces which act such that the common 
point is in translational equilibrium, can be 
reiiresented by a triangle. The sides of the 
triangle are proportional in length to the mag- 
nitude of the forces and the directions of the 
sides coincide with the lines of action of the 
forces. (See equilibrium of a point; statics.) 

FORCED DOUBLE REFRACTION. Dou- 
ble refraction produced in an othei^wise iso- 
tropic medium as a result of strain. 

FORCED OSCILLATION. See oscillation, 
forced. 

FORCED VIBRATION. See oscillation, 
forced. 

FORCING RESISTANCE. See resistance, 
forcing. 

FORENSIC SPECTROSCOPY. The use of 
spectroscopy as an aid in criminal investiga- 
tions. 

FORK RECTIFIER. See rectifier, fork. 

FORM, BILINEAR. A homogeneous poly- 
nomial in 2r? variables Ti, ^ , Xn] Vi, 1 / 2 , 

‘ ' j fjn- If A is a symmetric matrix; x, a row 
vector; y a column vector, then the poly- 
nomial may be written in matrix form 

7t 

A (\, y) = xAy = 2 *4 ■jJ’.J/j 

I 1 

The quadratic form results when Xi = yt. If 
the variables are complex and the matrix is 
Hermitian, the form is also called Hermitian 

H{\^ X) = ^HijXi*Xj = xfHx; = Hj^* 

where the asterisk denotes the complex con- 
jugate and the dagger the associate matrix. 

FORM FACTOR. (1) Factor introduced intq 
a theory, usually by physical and non-rigor- 
ous arguments, to allow consequences of the 
tlieory to be computed without contributions 
from values of a parameter for which the 
theory is not applicable (see cut-off). (2) A 
means for describing one attribute of the 
shape of an alternating-current wave. Tho 
strength of a-c constantly varies in magnitude 
and direction. The effective value of a-c is 
equal to the d-c which will produce the same 
heating effect as the a-c wave, i.e., the root- 
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mean-square (rms) value. The form factor 
is the ratio of the rms value of the wave to 
its average absolute value; the factor is unity 
for a square wave, and l.ll for a pure sine 
wave. It is of importance in the measurement 
of waves containing harmonics, for it is the 
ratio of the reading on an rms meter to that 
on an ideal rectifier-type meter. 

FORMANT. A group of resonances near a 
maximum in the transmission of a vowel in 
the vocal tract. 

FORMING, ELECTRICAL (APPLIED TO 
SEMICONDUCTOR DEVICES). Process 
of applying electrical energy to a semicon- 
ductor device in order to modify ponnanently 
the electrical characteristics. 

FORMULA, ELECTRONIC. A formula that 
shows the electronic state of each atom in a 
compound, i.e., the number of positive or nega- 
tive elementary charges which the atom has 
acquired by loss or gain, respectively, of its 
valency electrons. 

FORMULA, IONIC. The formula of an ion. 
In the case of a mono-atomic ion, this formula 
would consist only of the symbol of the ele- 
ment and the number of elementary charges, 
positive or negative, carried by the ion. In 
the case of an ionized radical, it would con- 
sist of the symbols of all elements contained, 
their atomic proportions (number of gram- 
atomic weights), and the number of net ele- 
mentary charges carried by the ionized rad- 
ical, positive or negative. E.g., Na"*", S04“, 
etc. 

FORMULA, LEWIS-LANGMUIR. A for- 
mula for a substance which shows each atom 
and the electrons that participate in the 
valence bonds uniting it to other atoms. For 
example, this type of formula for methane, 

H 

ii 

shows the central carbon atom joined to four 
hydrogen atoms, in each case by a valence 
bond composed of a pair of shared electrons. 
To consider another type of compound, the 
formula for sodium chloride, 


shows an ionized sodium atom joined to an 
ionized chlorine atom by electrostatic forces. 
(See atom, Lewis-Langmuir.) 

FORMULA, MOLECULAR. A formula that 
indicates the composition of a substance 
which contains two or more molecules. Hy- 
drates, for example, are commonly represented 
by molecular formulas, as CuS04-5H20 or 
CaS04*2H20. In such formulas the period 
( • ) indicates the intramolecular valence bond 
or bonds. 

FORMULA, POLARITY. A formula which 
indicates in some manner whether a pair of 
bonding electrons is located equidistantly bc- 
twwn the two atoms bonded, as in the case 
of methane, illustrated under formula, Lewis- 
Langmuir, or whether it is displaced toward 
one of the atoms, as in the case of a dative 
bond or the extreme case of sodium chloride, 
where the bond has become truly electrova- 
lent. 

FORSTERLING PRISM TRAIN. A prism 
train so designed that it gives constant devia- 
tion with dispersion equivalent to that of 
three 60-dcgree prisms. 

FORTRAT PARABOLA. A graph obtained 
by plotting an empirical relationship for the 
wave number of the individual lines (fine 
structure lines) in spectral bands (e.g., that 
of CN). This relationship is of the form: 

V = c + dm + evi^ 

where c, d, and e are constants, and m is a 
whole number which numbers the successive 
lines. As is obvious from the equation, the 
graph is a parabola, and has been called a 
Fortrat parabola. 

Many such spectral bands have one line 
missing, and the practice is to give the miss- 
ing line the value w = 0 (whence it is called 
the zero line or null line — and the empty space 
in the band, the zero gap or null-line gap). 
Then the values of m to one side of the zero 
gap become positive and those to the other 
side negative. The scries of lines correspond- 
ing to the positive values of m is called the 
positive branch or J?-branch; that correspond- 
ing to the negative values is called the nega- 
tive branch or P-branch. In many band sys- 
tems, there is a third branch which is called 
the Q-branch or zero branch. The lines of the 
Q-branch lie on a parabola whose vertex lies 
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Fortuitous Telegraph Distortion — Foucault Rotating Mirror 


almost on the abscissa axis. In the formula 
for the Q-branch, the quadratic term agrees 
with that for the other two branches. 



FORTUITOUS TELEGRAPH DISTOR- 
TION. See distortion, fortuitous telegraph. 

FORWARD DIRECTION. The polarity of 
the voltage apiilied to a rectifier such that the 
current flows easily. 

FOSTER-SEELEY DISCRIMINATOR. The 

name gi\cn tlie conventional discnrninator 
used in the detection of FM signals. 

FOUCAULT CURRENT. An eddy current. 

FOUCAULT DIFFRACTION. See diffrac- 
tion. 

FOUCAULT GYROSCOPE OR GYRO- 
SCOPIC COMPASS. A compass dcMce of 
practical navigational application which 
makes use of the tendency of a spinning body 
lo maintain its axis of rotation in a fixed di- 
rection against the action of exteinal forces. 
(See gyroscope.) 

FOUCAULT KNIFE-EDGE TEST. A con- 
cave mirror or a lens may be tested by plac- 
ing a pinhole-source of light at twdee the focal 
length behind the lens or at the center of 
curvature of the mirror (or as near the center 
as possible). The eye placed at the image 
of the pinhole should see the entire lens or 
mirror illuminated. A knife-edge moved 
across the image immediately in front of the 
eye will determine where the image is located 
and will show defects in the lens or mirror by 
irregular darkening of the image. This is the 
customary test used by amateur telescope- 
mirror makers. A diffraction grating may be 
tested in a similar manner using a slit instead 
of a pinhole. 

FOUCAULT PENDULUM. In 1851 Fou- 
cault performed his celebrated pendulum ex- 
periment at Paris, designed to give physical 


proof that the earth is in rotation about an 
axis. The pendulum, consisting of a very 
largfe iron ball suspended by a steel wire over 
200' long, was suspended from the center of 
the dome of the Pantheon. Great care was 
exercised in the support for the wdre so that 
no external forces should be effective at this 
point other than a vertical force to prevent the 
system from falling. On the floor, immedi- 
ately under the pendulum, a layer of fine sand 
was placed so that the direction of the swing 
could be observed. The pendulum was started 
by drawing it to one side with a fine thread 
and, after the system was at rest, the thread 
was burned off, thus avoiding any initial 
lateral motion. 

After such a pendulum is started swinging 
in one plane, it is soon observed that the plane 
of swing IS apparently deviating slowly (in the 
clockwise direction in the northern hemi- 
’^phero and the opposite in the southern). The 
rate at which the plane of swing deviates is 
equal to 15® per sidereal hour (cf. time) mul- 
tiplied by the *^ine of the latitude Thus at 
the polo it would make a complete rotation in 
one sidereal day, while at the equator it would 
not rotate at all At Paris (latitude 48® 50' 
N.) the rate of deviation is about 11° 18' per 
hour. 

Foucault reasoned quite correctly that, in 
accordance with Newton's Laws of Dynamics, 
the direction in space of the plane of swing 
should not change unless the pendulum was 
acted upon by some external force other than 
•’hat of gravitation and the counteracting force 
parallel to the direction of gravitation at the 
support That the direction of the plane does 
appanuitly change can be accounted for only 
on the h^ jKjtlicsis that the earth is in rotation. 
Foucault’s demonstration attracted wide sci- 
ei tific and popular attention and was accepted 
as a conclusive ])roof that the earth does ro- 
tate upon an axis, a fact which was not uni- 
versally accepted a1 that time. 

FOUCAULT PRISM. Sec prism, Foucault. 

FOUCAULT ROTATING MIRROR. Fou- 
cault arranged a light-source, Ions, rotating 
miiTor and distant mirror While light was 
traveling from the rotating mirror to the dis- 
tant mirror (20 meters) and back, the rotat- 
ing mirror turned slightly so that after the 
second reflection from the rotating mirror the 
reflected beam was slightly displaced (2' 40") 
from its original path. From these data and 
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the angular speed of the rotating mirror, Fou- 
cault computed a velocity of light as 2 98 X 
10^® cm/sec. The faintness of the returned 
beam prohibited use of a greater light-path. 
(See Michelson rotating mirror.) 


ferentiation with respect to the proper time 
of the particle. The four-velocity is a four- 
vector of length i, and thus depends on only 
three independent variables, the ordinary 
velocity components. 


FOUNTAIN EFFECT. See helium liquid, 
properties of. 

FOUR-FACTOR FORMULA. 

k = [ 7 / €/>/]. 

This equation gives the multiplication factor 
in an infinite thermal reactor, i.e , one with 
no leakage, t] is tlic average number of fast 
fission neutrons omitt(‘d as a result of the cap- 
ture of one thermal neutron in fuel material. 
€ is the fast-fission factor, the ratio of the total 
number of fast neutrons produced by fissions 
due to neutrons of all energies, to the number 
resulting from thermal neutron fissions alone. 
p is the fraction of the fast (fission) neutrons 
which escape ca]dun* wliile being slowed 
down. / is t)H‘ ratio of the number of thermal 
neutrons absorbed in fuel to tlie total num!)er 
of thermal neutrons absorbed (in fuel plus 
moderator), fc, the infinite multiplication 
factor, is the ratio of the averace number of 
thermal neutrons produced (and hence ab- 
sorbed) in one generation to the number in 
tlie preceding generation ; nnic'ss k exceeds 
unity, a critical system of finite size is im- 
possible. 


FOURIER ANALYSIS. The process of find- 
ing the representation of a function in a 
Fourier series. 


FOURIER-BESSEL TRANSFORM. The 

functions defined by 


f{y) = f 
*'0 

F(t) = f 


00 

F{T)Jm(xy)i-dx; 

00 

f(yVUory)ydy 


are a pair of Fourier-Bessel transforms. The 
quantity J„i is a Bessel function of order m. 


FOUIUER INTEGRAL. A relation obtain- 
able from the Fourier transform, which is a 
generalization of the Fourier series for the 
range — go <a:< 00 . It can be written as 

or, if f(x) is real, in a more common form 
/(x) = ^ rr /({) cos y{x - ^)dydi.. 


FOUR-FORCE. The four-vector describing 
the rate of change of four-momentum along 
the space-time path of a particle: 

dv^ 
mo — 
ds 

(lUo is the rest mass.) 

FOUR-MOMENTUM OF A CLASSICAL 
PARTICLE. The four-velocity times the 
rest-mass of tlie particle', 

FOUR-VECTOR. A set of four quantities 
which transform under a Lorentz transforma- 
tion as a vector in Minkowski space. 

FOUR-VELOCITY. Tlie four quantities 

dx^ 



describing the velocity of a classical particle 
in relativity tbeory, where d/ds denotes dif- 


FOURIER, LAW OF. The rate of heat flow 
at a given point in a body is proportional to 
the area of the cross-section and the tempera- 
ture gradient, both at the given point. The 
fonn of this relationship is: 


dt 


= -fcA 


dT 

hi 


where Q is quantity of heat, t is time, k is the 
proportionality constant (thermal conductiv- 
ity), A is the cross-scctional area, T is tem- 
perature, and I is distance in the direction of 
heat flow, here taken normal to A. 


FOURIER SERIES. A single-valued func- 
tion, continuous except possibly for a finite 
number of finite discontinuities in the interval 
— IT to TT, and with only a finite number of 
maxima and minima in that interval, may be 
represented within the interval by a Fourier 
series 
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Fourier Transform — Fraction, Partial 


00 00 
/(*) = 53 sin nx + ^bo + X) cos nx, 

n*! nas.! 

where the coefficients are given by 
1 

an = - I /({) smnfdf; 

TT 

1 

bn = - I /(f) COS n£c?J. 

A change of variable may be made so that 
the interval exlends from 0 to tt, 0 to 27r, I to 
— J, etc. The series may be generalized to 
permit the expansion (d a function of several 
variables. Tf the function is periodic, with 
period 27r, the Fouiier series represents it for 
all values of x. 

FOURIER TRANSFORM. Subject to cer- 
tain restrictions, fiy) is the Fourier transform 
ol F(x)j where 

\/27r 

1 

F(.r) ^ ^ f f 

V27r 

In some applications, the faetors 1/V^27r are 
modified. 

FOURTH DIMENSION. The time at which 
an event oeeur-^, I'opre^cmted as the fourth 
coordinate of Minkowski space. 

FOVEA. The* central portion of the retina 
of the eye where vi'sion is mod distinct. The 
fovea of a normal eye subtends an angle of 
about 2°. 


FRACTION. An indicated ([uotient of two 
quantities. 

FRACTION, COMMON. The indicated 
quotient of two integers. If the (piotient is 
less than one, the fraction is proper; other- 
^\ibc, improper. 

FRACTION, CONTINUED. An infinite se- 
quence {.s*„) with members 

*"^0 ~ •‘'‘i = ^0 + ^i/b\] 


ax 



H 4 * 


bi + 


at 

02 

^2 + as/ba 


formed from the sequences ai, a 2 . as, • • • and 
^ 0 , biy b 2 j The term Sn is found by re- 

placing the denominator of Sn-i by (bn-i + 
On/bn). When there are a finite number of 
terms^ the fraction is called t.erminating; if 
there are an infinite number of terms, non- 
terminating. 

FRACTION EXCHANGE. A number, vary- 
ing from 0 to 1.0, denoting the progress of an 
isotopic exchange reaction, which is defined 
by the exjirossion 



- 5o 


where / is the exchange fraction and s, ,So and 
.s'ys aj*e the specific activities of one of the 
r(‘aelan(s at time /, zeio-time and infinite time 
(i.e., at equilil)rium), n‘^peelivoIy. 

FRACTION, PARTIAL. When a given ra- 
tional fraction is resolved into a sum of sim- 
pler fractions the iruiividual terms in the sum 
are culled partial fractions. The process of 
resolving a fraction ia this way is the inverse 
process to that of reducing to a common de- 
nominator. If the fraction is of the form 
fix)/g(x), where the degree of the numerator 
is less tlian that of the denominator, g(x) 
may bo written as 

g(x) = ao(.r - — .To)"’' • • • 

+ 2 b, .r + r,)“'(.r2 + 262.r + Cj)*^ + • •. 

I m'o a, is one of the real roots of g{x) = 0, it 
being repealed r, times, 'fhe quadratic ex- 
pressions arise fi*om conjugate complex roots 
(3f the i)ol\’rjomial, each occurring times. 
Each linear laetor in (j{x) gives rise to terms of 
the form 


1 1 1 : 

X - a {x - a)^ (j - ay 

where the A * are constant factors, a is any one of 
the a, roots and r corresponds to r^. Similarly, 
if Q(x) = (r^ -f- 2hx + r), the quadratic fac- 
tors gh'c terms of the form 

+ CiX ^ ^2 + C 2 X Ba + CaX 

The undetermined coefficients Ai, Bi, C, in 
these fractions may be obtained by clearing 
of fractions and equating coefficients of like 
powers of X on both sides of the equality, 
which is an identity in x; or by other special 
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devices, such as substituting special values of 
X. An integral may often be evaluated by 
converting the integrand into a sum of paMial 
fractions. 

FRAME. In television and facsimile, the to- 
tal area, occupied by the picture, which is 
scanned by the picture signal. 

FRAME FREQUENCY. In television, the 
number of times per second that the frame is 
scanned. 

FRAME OF REFERENCE. A set of lines 
or surfaces used for defining coordinates that 
define positions, directions, velocities, etc. 

FRAMER. Ill facsimile, the control which 
positions the reproduced image correctly with 
regard to the original. 

FRAMEWORK. A system of rigid or de- 
formable bodies of arbitrary sizes and shapes 
fastened together to form a whole, which can 
be in equilibrium under the action of suitable 
forces. For example, a bridge tniss, 

FRAMEWORK, EQUILIBRIUM OF. See 
framework. 

FRAMING CONTROL. (1) In television, a 
centering or width control. (2) In fac.simile, 
the control whicli adjusts the horizontal posi- 
tion of the picture. 

FRANCIUM. Radioactive element. Symbol 
Fr. Atomic number 87. 

FRANCK-CONDON PRINCIPLE. An elec- 
tronic transition in a molecule or crystal takes 
j)lace so rajhdly tliat the positions and veloci- 
ties of the nuclei arc virtually unchanged in 
the process. Therefore, the positions and 
velocities of the nuclei are practically un- 
changed during electronic transitions, which 
can therefore be represented by vertical lines 
on the potential energy curves. Only transi- 
tions satisfying these conditions occur with 
reasonable probability. 

FRANK-READ SOURCE. A mechanism for 
the continuous generation of dislocations, and 
hence allowing for plastic deformation of 
crystals. A segment of dislocation line (1) 
anchored at its ends, A, B, an be pulled out 
into an arc (2), which rr.ay then fold back 
round the anchored ends (3) until it meets 
itself (4), whereupon a closed dislocation loop 
is detached, ^’hilgt the original line is re- 


formed (5), This process may evidently be 
repeated indefinitely, the successive disloca- 
tion loops moving out to the surface of the 
crystal. 



Frank-Read mechanism for multiplication of dislo- 
c‘atjoiis, bhowinfc t>uccc‘'sive staff's m the ^‘'‘nortition 
of a dislocation loop by the scftiiu’nt BC of a disloca- 
tion line. The process can he repeated mdefiuitely. 
(By permission from “Introdiudion to Solid Slate 
Physics” by Kittel, Copyiirfit 1953, John Wiley <fe 
Sons) 

FRANKLIN EQUATION. The energy level 
E of sound in a room as a function of time 
after cutting off the source: 

(nS 

E = 

where Eo is the initial sound level, c is the 
velocity of sound, S is the exposed surface 
area, V is the volume of room, t is the time, 
a is the mean sound absorption coefficient. 

For dead rooms, this equation must be re- 
placed by Eyring’s equation. 

FRASER METHOD FOR OSMOTIC PRES- 
SURE. The apparatus consists of a clay cell 
with a membrane, usually copper ferrocyan- 
ide, deposited on its exterior. The cell is 
filled with solvent and is connected to a glass 
U-tube open to the atmosphere. A bronze 
cylinder surrounds the cell and contains the 
solution. Attached to the cylinder is a pres- 
sure-measuring device to record tlie excess 
pressure as the solvent passes through the 
membrane into the solution. 

FRAUNHOFER DIFFRACTION. Discussed 
under diffraction. 

FRAUNHOFER LINES. The dark lines 
constituting the absorption spectrum exhib- 
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ited by sunlight are frequently called the 
Fraunhofer lines. There are thousands of 
these lines, of which Fraunhofer, early in the 
19th century, first observed the most promi- 
nent. To these particular lines he assigned 
letters for reference purposes. These lines, 
together with tlieir origin and approximate 
wavelengths, arc listed as follows: 


A 

Terrestrial oxygen 

7594 A 

(extreme 

red) 

B 

Terrestrial oxygen 

6867 A 

(red) 

C 

Hydrogen 

6563 A 

(red) 

Di 

Sodium] , ^ 

Sodium I'io^blet 

5896 A 

(yellow) 

Di 

5890 A 

(yellow) 

E 

Iron 

5270 A 

(green) 

F 

Hydrogen 

4861 A 

(blue) 

G 

Iron and Calcium 
(group) 

4308 A 

(violet) 

H 

Calcium 

3968 A 

(extreme 

violet) 


The lines of solar origin are due to absorp- 
tion by gases and vapors in solar atmosphere. 

FRAUNHOFER REGION. In antenna ter- 
minology, that region of the field in which the 
energy flow from an antenna proceeds essen- 
tially as though coming from a point source 
located in the vicinity of the antenna. If 
the antenna has a well-defined aperture D 
ill a given aspect, the Fresnel region in that 
aspect IS commonly taken to exist at uis- 
tances greater than 2D“/\ from the aperture, 
A being the wavelength 

FREDHOLM EQUATION. A special type 
of integral equation, the one of second kind 
being 

«(x) - /(.r) + X r K(jr,z)<t>(z)dz 

where a, b, X are constants, the kernel, 
K(x,z} and f(x) are given; <f> is sought as a 
function of x, the independent variable. If 
the left-liand side of the eiiuation equals zero, 
it beeomes of the first kind. Either could 
aKo be homogeneous, i e , /(x) =0. 

FREDHOLM METHOD. A method of solv- 
ing integral equations when the resolvent (see 
Liouville-Neumann series) is the ratio of two 
infinite series. 

FREE-BODY diagram, a diagram of a 
iiody, or part of a body, with the forces acting 
upon it indicated. 


Fraunhofer Region — Free Energy 

FREE DISCHARGE. See under discharge, 
free. 

FREE ELECTRON THEORY OF METALS. 

The most characteristic property of a metal 
is its electrical conductivity. It was early 
recognized (by Druilc) that tliis could be ex- 
plained if the electrons in the metal were 
relatively free to move. A model of a metal 
a gas of free electrons, moving in the re- 
gion of nearly uniform positne potential cre- 
ated by the ions of the crystal lattice, al- 
though satisfactoiy in some respects, led to 
serious difiiculties, until it was pointed out by 
Sommerfeld that the electrons must obey the 
Pauli exclusion principle and hence consti- 
tute^ a highly degenerate Fermi-Dirac gas. 
On (his ba-'is, one can calculate the electronic 
specific heat, magnetic susceptibility, flail co- 
efficient, Wiedemann-Franz ratio, thermionic 
emission, and other pliy^iral properties 
The reason for the ‘success of this simple 
theory is that in certain elements, notably the 
alkali metals, the outi'r electrons are only 
very loosely bound to the remainder of the 
atom, and when the atoms are brought to- 
gether to make up the crj\stal lattice these 
(‘Icctroiis can lump from ion to ion as if they 
vvd-e free To understand the behavior of 
the more complex metal'^, and of semicon- 
ductors, it was necessary to introduce the 
fill (her complicalions of the band theory of 
solids. 

FREE ENERGY. There are two quantities 
to which thi-^ term been applied (1) The 
Gibbs free encrg}^ which is also called the 
Gibbs function and the thennodynamic po- 
tential, i'* most generally undersluod when 
the tenn tree energy is used without qualifi- 
ciii" *n It IS defined by the equation 

a = u - TS + pv 

where V is tin* internal energ>^ (see energy, 
internal), T, the absolute tenificrature, S, the 
entropy, p, the pressure, T", the volume and 
G, the Gibbs free energy (the letter F is also 
widely used to denote this quantity). (See 
also free energy change. ) (2) The Helm- 

holtz free energy, w'hich was called the psi 
function, and which is perhaps most com- 
monly known as the work function. It is de- 
fined by the equation 

A -T& 
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where U is the internal energy, T, the abso- 
lute temperature, S, the entropy and A, the 
Helmholtz free energy. (The letter or the 
letter F are sometimes used instead of A for 
this quantity.) The decrease in A is equal 
to the maximum work done on the system in 
a constant-temperature, reversible change. 
In terms of the partition function, A ~ —RT 
In Z. Like the Gibbs free energy, the Helm- 
holtz free energy is a thermodynamic poten- 
tial, although the latt(*r term is commonly 
used to refer specifically to the Chbbs free 
energy. 

FREE ENERGY CHANGE, The change in 
the Gibbs free energy (see free energy (1)) 
for a chemical reaction, defined as 

Tt 

AG = 23 •'rdr 
r_.l 

where qr is the molar Gibbs free energy of 
the rth component in the pure state, under 
the same conditions of toinperaturc and jm^s- 
Bure as those in which the reaction takes 
place, vr is the stoichiometric coofTicient of 
the rth component. 

This quantity ACr is ecpial to the maximum 
net work available (i e., W('rk, other than 
work of expansion, in a reversible ])ro(*oss) 
for a given change in stale under constant 
temperature and i)ress\ire (See also stand- 
ard free energy increase.) 

FREE ENERGY FUNCTION. T\ed particu- 
larly in connection with homogeneous gas re- 
actions. Given by the expressions 

- r/o^ (f ~ //()^ 



T T 

where CP is the molar Gibbs free energy («5ce 
free energy (1)), and Vp the internal energy 
at tlie absolute zero, which is equal to the 
enthalpy at the absolute zero, IfP. The su- 
perscripts 0 refer to the standard state (for a 
gas, 1 atmosphere pressure). These expres- 
sions arc also equal to 

R\n — 

N 

where R is tlie gas constan . tlie partition 
fimction of the ideal gas in standard state, 
and N the Avogadu number. 

FREE ENERGY INCREASE, STANDARD. 
See standard f 'ce energy increase. 


FREE ENERGY OF IONS, STANDARD. 
See ions, standard free energy of. 

FREE ENERGY, STANDARD. See stand- 
ard free energy increase. 

FREE FIELD. Sec field, free. 

FREE-FIELD CURRENT RESPONSE. See 
response, frce-field current. 

FREE-FIELD ROOM. Sec anechoic room. 

FREE-FIELD VOLTAGE RESPONSE. See 
re.sponse, free-field voltage. 

FREE GRID. The grid of an electron tube 
which has no electrical connection to it. Such 
.a condition is highly undesirable, especially in 
vacuum tubes, since the grid will accumulate 
a charge which cannot leak off, and which will 
alter the operation of the tube. If the charge 
remained fixed it wouUl not be so serious, but 
the aecunnilated cliarge is vety sensitive to 
external conrluctors, thus bringing the hand 
near a tube with a free grid will cause a re- 
distribution of the electrons accumulated on 
the grid and cause tlie jilatc current to vary* 
erratically. 

FREE IMPEDANCE. Se(‘ impedance, free. 

FREE MOTIONAL IMPEDANCE. See im- 
pedance, free motional. 

FREE OSCILLATION. Sec oscillation, free. 

FREE PROGRESSIVE WAVE, See wave, 
free progressive. 

FREE RADICAIi, An unsatiiratcd molecu- 
lar fragment in which some of the valence 
electrons remain free, i.c., do not partake in 
bonding. Examples are methyl (CHa*) or 
phenyl ((\TI>> ) radicals. Clear experimental 
evidence is available of their existence in vari- 
ous systems, especially in gaseous ones, al- 
though their lialjF-life period is of the order of 
thousandths of a second. 

FREE-RUNNING. See astable. 

FREE-RUNNING FREQUENCY. See fre- 
quency, free-running. 

FREE-SPACE FIELD INTENSITY. Sec 
field intensity, free-space. 

FREE SURFACE. A phase bounda^ be- 
tween two fluids. In hydrostatic equilibrium 
such a surface must coincide with a gravita- 
tional equipotential (neglecting the effects of 
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surface tension), and its movements about 
the equilibrium position are considered in the 
theory of surface waves. 

FREE VIBRATION. See oscillation, free. 

FREE VOLUME. A liquid differs from a 
solid having the same type of packing of the 
molecules in having a certain additional vol- 
ume, the free volume, which provides the 
necessary looseness in the structure to pennit 
free movement of the molecules The con- 
cept of free volume is used in several theories 
of the liquid state. 

FREE WAVE. See wave, free progressive. 

FREE-WHEEL RECTIFIER. A rectifier 
placed across (backwards) a d-c, higlily-in- 
duclive load which is driven from a control 
amplifier su(‘h as a tliyratron or magnetic 
amplifier. Tliis rectifier, by providing a ])ath 
for the induel iv(‘ load current during the in- 
tervals wliile the control am])hfier is normally 
or non-condiicling, permits continuous 
control of load cm rent which might oflior- 
wise he impo^^ible to attain 

FREEDOM, DEGREES OF. (1) Tlie num- 
ber of independent coordinates neeessnrj’’ for 
the unique determination of the position of 
every jiarticle in a dynamieal sy'^ttan is the 
numhcT of degrees of freedom. Each de^^rce 
of fieedom is n'presonted by a coordinate 
which can var>^ with lime independently of 
all the rest a single iiarticle wdiich 

may move anywhere in tlirec-diinensional 
space has three degrees of freedom. A par- 
ticle coiihtraiiied to move on a surface has 
two degrees of freedom, etc. 

(2) In the btaiement of the phase rule, 
one of that number of variable factors such 
as jiressure, temperature or concentration, 
wdiich must be fixed to define completely the 
state of the system. 

(3) The number of independent meshes, 
or the number of independent cut-sets that 
may be selected in a network. 

FREEZE. To solidify from the liquid state. 

FREEZING CURVE. A plot of the tempera- 
ture (or of any quantity which is a function of 
temperature) against time, obtained as a sub- 
stance is allowed to cost from above its freez- 
ing point to below that temperature. Freez- 
ing curves are used in the calibration of ther- 


mocouples and other temperature measuring 
devices. 

* 

FREEZING POINT. The temperature at 
which a liquid becomes a solid. This is not 
alwa 5 s identical with the melting point of 
the solid, for many mixtures, particularly of 
fats and waxes, do not solidify until they have 
been cooled &evei*al degrees below their melt- 
ing points. If a liquid be cooled under pres- 
sure the freezing point rises li llie solid is of 
higher density than the liquid; if it is of 
lower density, avS in the ease of water, the 
freezing point is lowered. Since the freezing 
point varies slightly with pressure, the pres- 
sure should be stated in reporting a freezing 
})oint. Ilow^evor, atmospheric pressure is 
commonly understood unless otherwise speci- 
fied. 

FREEZING POINT, DEPRESSION OF. 

Tlie freezing point of a solution is, in gen- 
eral, lower than that of the pure solvent and 
the dcpres^ion is proportional to the active 
ma‘-s of the solute. For dilute solutions 

AT =3 AVi 

where AT is the lowering of the freezing point, 
K the cryoscopic constant for the given sol- 
vent, and m the molality of the solution. 

FREEZING POINT DEPRESSION, MEAS- 
UREIMENT OF. In the Beckmann method 
the freezing point of pure solvent and of solu- 
tion is measured by a special type thermom- 
eter, the ^‘Beckmann thermometer.'' The 
solvent or solution is contained in a double- 
w^alled glass apparatus and placed in a freez- 
ing mixture not more tlian 5°C below the 
freezing point of the solvent. By rapid stir- 
ring W’hen the liquid has supercooled about 
crystallization is induced and the tem- 
perature rises to the freezing point. 

In the equilibrium method a relatively 
large amount of solvent crystals are allowed 
to form and the system allow^ed to come to 
equilibrium. The temperature is recorded 
and ^ome of the solution withdrawn and ana- 
Ivzed. 

In the Bast method, camphor is used as 
solvent. This substance has a very high mo- 
lar depression constant, and Rast devised a 
micro-method for the determination of molec- 
ular weights. Melting points may be meas- 
ured with an ordinary thermometer. 
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FRENKEL DEFECT. A lattice vacancy 
created by removing an ion from its site and 
placing it at an interstitial position 'v/ithin 
the lattice. The equilibrium concentration 
of Frenkel defects is 

where N, W are the densities of lattice points 
and interstitional positions, W is the work 
necessary to make the defect, and Cp is a 
numerical factor of the order of 100. 

FREQUENCY. (1) In general, the number 
of repetitions of a periodic process per unit 
time, i.e., the inverse of the periodic time. (2) 
In electricity, frequency is the number of 
complete alternations per second of an alter- 
nating current. Sixly cycles per second i5 be- 
coming the standard frequency for a-c gen- 
eration in the United States. El'^cwherc 25 
and 50 cycles per second have some vogue 
In an alternator, the nutnber of alternations 
per second of the output is the speed, in revo- 
lutions per second, multiplied by half of the 
number of polos. The number of poles in 
alternators is usually 2 or 4 for steam turbine- 
driven alternators, or 24, 26, 28, 30, 36, 48, or 
60 in the case of engine-driven alternators. 
(3) In acoustics, the frequency represents the 
number of sound waves passing any point of 
the sound field per second. (4) In the case of 
light or other electromagnetic radiation, fre- 
quency may be expressed in this same way hut 
is usually so enormous (500 million million 
per second for yellow light) that wavelengths 
or wave numbers (recijirocal of wavelength 
measured in cm) are ordinarily used instead. 
Radio frequencies are commonly given in 
thousands of C 3 a‘les (kilocycles) or millions of 
cycles (megacycles) per second. 

FREQUENCY ALLOCATION. The as- 
signed carrier-frequency of a radio-trans- 
mitting station. 

FREQUENCY, ANGULAR OR RADIAN. 

The frequency expressed in radians per sec- 
ond. It is equal to the frequency in cycles 
per second multiplied by 27r. 

FREQUENCY, AUDIO. Any frequency cor- 
responding to a normally audible sound wave. 
Audio frequencies range roughly from 15 to 
20,000 cycles per second. The word “audio” 
may be used as a modifier to indicate a de- 
vice or system intended to operate at audio 
frequencies. 


FREQUENCY BAND. (1) The band or 
channel of frequencies associated with a car- 
rier under modulation. (2) A group of dif- 
ferent carrier frequencies all designated for 
the same purpose. In this sense there may be 
many frequency channels within the given 
band. Thus the standard broadcast band 
contains many broadcast channels, each hav- 
ing its carrier spaced 10 kc from the next. 
In some types of rariio service the only re- 
striction on the carrier value is that it be 
kept within the allocated band. 

FREQUENCY, BASIC. Of an oscillatory 
quantity having sinusoidal components with 
different frequencies, the frequency of the 
component considered to be the most impor- 
tant In a driven system, the basic frequency 
would, in g(‘neral, be the drmng frequency, 
and in a periodic oscillatory system, it would 
be the fundamental frequency. 

FREQUENCY, BREAK. The frequency at 
which an abrupt change in slope occurs 
on log-log, asymptotic, frequency-amplitude 
characteristic. 

FREQUENCY, CENTER. (1) The average 
frequency of the emitted wave when ino<1u- 
lated by a sinusoidal signal. (2) The fre- 
quency of Ihe emitted wave without modula- 
tion. 

FREQUENCY CHANGER. Wherever there 
is to be an interchange of electrical energy be- 
tween two systems wdiich operate at different 
frequencies, the tie together must be through 
the medium of a frequency changer, since it 
is impossible to liave two units, e g., alterna- 
tors, electrically connected to the same line 
operating at different frequencies. The one 
operating at liigher frequency will tend to 
motor the other, and take unto itself enough 
of the load so that through the slowing down 
of it, and the sjiecding up of the slower, their 
frequencies will coincide. The simplest plan 
for connection of two such systems, and the 
one usually employed, is to couple, mechani- 
cally, two rotating machines of the synchro- 
nous motor or generator type, which have, 
respectively, the correct number of electrical 
poles to permit one to operate at the frequency 
of one system, while the other is at the fre- 
quency of the other system, both, of course, 
having the same rotative speed. This is rela- 
tively simple in the case of the drawing of 
power, say, from a 60-cycIe system to supply 




365 


Frequency Channel — Frequency, Fundamental 


energy for 25-cycle use, but has serious dis- 
advantages as a means of interconnecting two 
power systems of different frequency, each 
having considerable amount of generating 
equipment. Any slight alteration in the rela- 
tive frequencies of these two systems results 
in heavy fluctuations of the frequency changer 
load, and necessitates the employment of ex- 
tremely large and bulky frequency changers. 
Nevertheless, this is the system usually em- 
ployed. Fortunately, the necessity for such 
frequency changing is rare in this country at 
the present time. (See also frequency multi- 
plier; frequency divider.) 

FREQUENCY CHANNEL. See radio com- 
munication; also carrier frequency. 

FREQUENCY CONVERSION TRANS- 
DUCER. See transducer, conversion. 

FREQUENCY CONVERTOR (MIXER). 
Sec transducer, conversion. 

FREQUENCY-CONVERTOR TUBE. See 
tube, mixer. 

FREQUENCY, CUTOFF. See cutoff fre- 
quency. 

FREQUENCY DEMODULATOR. See de- 
modulator, frequency. 

FREQUENCY DEPARTURE. The amount 
of variation of a carrier frequency or center 
frequency from its assigned value. The term 
“frequency deviation,^' which has been u.sed 
for this meaning, is in conflict with this essen- 
tial term as applied to phase and frequency 
modulation (see modulation, phase and 
modulation, frequency) and is, ilierefore, to 
be avoided for use in the above sense. 

FREQUENCY DEVIATION. (1) In ampli- 
tude-modulated or continuous-wave trans- 
mission, the amount by which the carrier fre- 
quency varies from its assigned value. See 
frequency departure in this connection. (2) 
In frequency modulation, the peak-difference 
between the instantaneous frequency of the 
modulated wave and the carrier frequency. 

FREQUENCY DISCRIMINATOR. See dis- 
criminator. 

FREQUENCY DISTORTION. See ampli- 
hide-frequency distortion. 

FREQUENCY DIVIDER. A device deliver- 
ing output voltage at a frequency that is a 


proper fraction of the input frequency. Usu- 
ally the output frequency is an integral sub- 
mult*iple or an integral proper fraction of the 
input frequency. (See also transducer, har- 
monic-conversion. ) 

FREQUENCY DIVISION. A process of 
propagating two or more information-bearing 
signals over a common path by using a differ- 
ent frequency band for the transmission of 
each signal. (See frequency-division multi- 
plex.) 

FREQUENCY - DIVISION MULTIPLEX. 

The process or device in which each modulat- 
ing wave modulates a separate subcarrier and 
the subcarriers are spaced in frequency. Fre- 
quency division permits the transmission of 
two or more signals over a common path by 
using different frequency bands for the trans- 
mission of the intelligence of each message 
signal. 

FREQUENCY DOUBLER. A device deliv- 
ering output voltage at a frequency that is 
twice the input frequency. 

FREQUENCY DRIFT. The change in fre- 
quency of an oscillator as a function of time. 
The change may be due to changes in tem- 
perature, sii]>])ly voltages, humifhty, or physi- 
cal dimensions caused by wear. 

FREQUENCY, FIELD. In television, the 
product of frame frequency (see frequency, 
frame) multiplied by the number of fields 
contained in one frame. 

FREQUENCY, FRAME. In television, the 
number of times per second that the frame 
is scann(‘d. 

FREQUENCY, FREE-RUNNING. The fre- 
quency at which an oscillator operates in the 
absence of a synchronizing signal. 

FREQUENCY, FUNDAMENTAL. (1) The 

lowest possible frequency of vibration of a 
system characterized by normal inodes of vi- 
bration (for example, a vibrating string or 
organ pipe). (See wave, stationary.) (2) 
Otherwise stated as the greatest common 
divisor of the component frequencies of a 
periodic wave or quantity. (3) Of a periodic 
quantity, the frequency of a sinusoidal quan- 
tity which has the same frequency as the pe- 
riodic quantity. 



Frequency Harmonics — Frequency Meter 


366 


FREQUENCY HARMONICS. The permis- 
sible characteristic frequencies of a vibrating 
system subject to boundary restrictions’ (for 
exam])le, a stretclied string fastened rigidly 
at both ends, an organ piixi open at both ends, 
etc.). The lowest permissible frequency is 
called the fundamental. The higher frequen- 
cies are called the 2nd, 3rd, 4th, etc., har- 
monics. The fundamental is ordinarily re- 
ferred to as the first liarmonic. (See over- 
tone.) 

FREQUENCY-HYSTERESIS. An cfT( c( pro- 
duced by coupling an oscillator to a load 
through a transmission line very long in com- 
parison to a wa^'('lengtll. (See long-line ef- 
fect.) 

FREQUENCY, INFRASONIC (SUBSONIC 
FREQUENCY). A freciucncy lying Ih'Iovv the 
audio-f]'e(|ueiJcy range. (S(a* frequency, au- 
dio.) The word ‘‘infrasonie” may be used as 
a modifier to indicate a device or system in- 
tended to oi)CTate at infrasonie frequencies. 

FREQUENCY, INSTANTANEOUS. Tlic 
time rate of change of tlie angle of a wave 
which is a function of time If the angle is 
measured in radians, tlie freriiumcy in cycles 
is llie time rate of change of the angle divided 
by 27r. 

FREQUENCY, LINE. In television, the 
number of limes ju‘r second that a fixed ver- 
tical lino in the picture is crossed in one direc- 
tion by the scanning spot. Scanning during 
vertical retum intervals is counted. 

FREQUENCY, LOWEST-USEFUL HIGH. 

The lowest high frequency effective at a speci- 
fied time for ionospheric propagation of radio 
waves between two specified points. This is 
determined by factors siicli as absorption, 
transmitter power, antenna gain, receiver 
characteristics, tyjie of serv'icc, and noise 
conditions. 

FREQUENCY, MAXIMUM USABLE. The 

upper limit of the frequencies that can be used 
at a specified time for radio transmission be- 
tween two points and involving propagation 
by reflection from the regular ionized layers 
of the ionosphere. Higher frequencies may 
be transmitted by sporadic and scattered re- 
flections. 

FREQUENCY MEMORY. A memory which 
consists of an oscillator with a number of pos- 


sible oscillation frequencies. Normally in the 
nonoscillating state, it will start and remain 
oscillating at the frequency of a momentary 
input voltage if the fre(]ucncy of this voltage 
corresponds to one of the possible oscillation 
frequencies. 

FREQUENCY METER. Most modern fre- 
quency meters for radio use arc not instru- 
ments in the usual sense but arc really several 
instruments and associated apparatus. The 
old absorption type wavt'incter might be 
called a single instrument, but it is not used 
except for rough measuiements. It consists 
of a coil and condenser in s(M*i(*s with some 
sort ot indicator. Moflern ju’oeision measure- 
ment of frequency utilizes a comparison proc- 
ess. The fundamental for this is iho rotation 
of tli(* earth High-grade ciystal oscillators 
are used to generate medium values of radio 
freepKney, the output being compared willi 
the rotation of the earth by synelironoii- 
clocks or by comparison with another oscil- 
lator which is so (‘licyked. At‘Soeialed wilt 
this oscillator are various multi- vibrator oscil- 
lator's serving as frequency dividers to give an 
extensive series of accurately known frequen- 
cies. The frequency to bo UKaisured is com- 
])ared with the close'll of these kiunvii fro- 
f|uencies by hederodyning and th(‘ resultant 
difference frequency (an audio frequency) 
determined in one of several ways. (See 
heterodyne.) Very high frequencies arc meas- 
ured by exciting standing waves on an open 
or sh()i*ted transmission line and Tneasuring 
the linear distance between nodes or anti- 
nodc" of tliese waves. The frequency is then 
obtained by dividing the velocity (3 X 
cm /sec) by the wavelengths in centimeters. 
For V('ry accurate measurements several cor- 
ri'etioiis must be applied to this method but 
it is sufficiently accurate for many purposes 
without the corrections. (See Lecher wires.) 

A coininon frequency-measuring instrument 
used for commercial power circuits is the vi- 
brating reed instrument. This consists of 
many reeds, each tuned to a different fre- 
quency (commonly a half-cycle apart), which 
are set in vibration by the alternating flux of 
a solenoid connected across the circuit to be 
measured. 

Another and more accurate frequency-meas- 
uring instrument for commercial circuits de- 
pends for its operation upon the effect on the 
moving element of the currents in two shtisrt' 
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circuits. One of these contains inductance 
and the other capacitance, so the effect of a 
change in frequency is opposite in the two 
circuits. Since they are connected across the 
circuit to be measured their currents change 
with frequency and hence the moving ele- 
ment is deflected. 

FREQUENCY METER, ABSORPTION. A 

freciueiicy or wavemeter consisting of a cali- 
brated, tuned circuit and some form of indi- 
cator to indicate resonance. The meter i.s 
adjusted until maximum energy is absorbed 
from the source, at which time the resonance 
frequency of the tuned circuit will be very 
nearly that of the unknown frequency. Also 
known as a wavemeter. 

FREQUENCY METER, HETERODYNE. A 

freciuency meter which causes a known, ad- 
justable frequency to be heterodyned with 
the unknowm until a zero beat note is ob- 
tained. The unknown frequency is then 
exactly that of the known frequency. 

FREQUENCY MODULATION (FM). Angle 
modulation (see modulation, angle) of a sine- 
wave carrier in which the instantaneous fre- 
riiK'iicy of the modulated wave ^lifbTs from 
the carrier frequency by an amount ])roi)or- 
tional to the instantaneous value of ihe mod- 
ulating wave. Combinations of phase and 
frcc|ucncy modulation are commonly referred 
to as “frequency modulation.” 

FREQUENCY - MODULATION BROAD- 
CAST BAND. The band of frequencies ex- 
tending from 88 to 108 megacycles, which in- 
cludes those assigned to non-commercial edu- 
cational broadcasting. 

FREQUENCY - MODULATION BROAD- 
CAST CHANNEL. A band of frequencies 
200 kilocycles wide, designated by its center 
frequency. Channels for FM broadcast sta- 
tions begin at 88.1 megacycles anrl continue 
in successive steps of 200 kilocycles to and 
including 107.9 megacycles. 

FREQUENCY - MODULATION BROAD- 
CAST STATION. A station employing fre- 
quency modulation (see modulation, fre- 
quency) in the FM broadcast band and li- 
censed primarily for the transmission of radio- 
telephone emissions intended to be received 
by the general public. 


FREQUENCY- MODULATION EXCITER 
UNIT. See exciter. 

FREQUENCY MODULATION, G.E. SYS- 
TEM. A system which accomplishes fre- 
quency modulation with a special tube called 
a phasitron. (Sec tube, pha^itron.) 

FREQUENCY-MODULATION MEASURE- 
MENTS BY “BESSEL-ZERO” METHOD. 

The “Bcsscl-Zero” method of measurement of 
the frequency deviation and audio-frequency 
response of an FM transmission is based on 
the fact that the amplitude of the center-fre- 
quency r*omponent of the energy emitted from 
an F]\I transmitter varies as the amplitude or 
frequency of the audio-modulating signal is 
changed. Thus, if the frequency of the mod- 
ulation is held constant and the amplitude 
varied, the amount of energy radiated at the 
center or “carrier'’ frequency will vary through 
wide limits. The reason for this variation is 
that the modulation energy is distributed over 
the frequency spectrum; diversion of energy 
to “side current” frequencies takes center- 
fre(juency power. These variations in the 
center-frequency power can l^e calculated by 
means of Bessel functions. Ordinarily, they 
are plotted as a curve of amplitude again.st 
“modulation index” as shown below. The 



Diagram .showing liow tho “Hosscl-Zoro” points may 
be found. As level of audio ini)ut i.s increased, the 
arnpliliule of the (‘(mter fn’(|Uoncv deerea.se.s and be- 
comes zero wlieii F Jb\^ -- 2.405 , 5.52, etc. (By per- 
mission from "‘The Radio Manual” by Sterling and 
Monroe, 4th Ed., Copyright 195<\ D. Van Nostrand 
Co., Inc.) 

“modulation index,” which is the abscissa of 
the curve, is the ratio of the frequency swing 
(usually designated Fa) to the modulating 
frequency (usually designated F^). It will 
be noted that the amplitude becomes zero at 
several points. The first point at which this 
occurs (when the audio-modulating voltage is 
increased upward from zero) is at the point 
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where the ‘^modulation index” equals 2.405. 
If we can identify this point, and if we know 
the modulating frequency, we can figure how 
much “frequency swing” is occurring, because: 

Modulation index = 2.405 = Fd/Fm^ 

Hence 

Fd = 2 . 405 /<;,. 

FREQUENCY - MODULATION PRODUC- 
TION BY ARMSTRONG METHOD. A 

phase-shift modulation system developed by 
E. H. Armstrong, wliich modulates a carrier 
at ver>^ low level and frcciuency. The de- 
sired carrier-frequency and deviation-ratio is 
achieved by passing tli(' signal through sev- 
eral frequcncy-multijdier amplifier stages. 
The low-level moflulation is aclneved by the 
use of a balanced modulator (see modulator, 
balanced) which has a quadrature cari’ier re- 
inserted in its output. 

FREQUENCY - MODULATION PRODUC- 
TION BY REACTANCE TUBE METHOD. 
See reactance tube. 

FREQUENCY-MODULATION, WESTING- 
HOUSE FREQUENCY CONTROL CIR- 
CUIT. A pulsc-conlrolled, frequency-modu- 
lation system. 

FREQUENCY MONITOR. A devieo which 
gives a continuous indication of any dei)artiirc 
of a radio transmitter’s frequency from its as- 
signed value. 

FREQUENCY MONITOR, CRYSTAL. A 

device containing a highly-accurato, ciystal- 
eontrolled oscillator, a stable, variable-fre- 
(luency oscillator, and a gridleak detector, ft 
may ))e used for (‘becking unknowm frequen- 
cies, and as a source of known frequencies. 

FREQUENCY MULTIPLIER. A non-linear 
network or other device for generating har- 
monics of a sinusoidal input, and having 
means for selecting a certain hannonic as its 
output. (See also transducer, harmonic con- 
version.) 

FREQUENCY, NATURAL. Of a body or 
system, a frequency of free oscillation. (See 
oscillation, free.) This term is commonly ap- 
plied to coils and antennas in communication 
circuits. In the former it designates the fre- 
quency at which the irductance of the coil 
and its distributed capacity produce reso- 


nance. Referred to the antenna, it means 
the low’est frequency at which there will be 
a standing wave on the antenna. 

FREQUENCY OF A PERIODIC QUAN- 
TITY. The frequency of a })eriodic cjuantity 
in wdiich time is the independent variable, 
is the number of periods occurring in unit 
time. If a periodic quantity, ?/, is a function 
of the time, t, such that 

y = /(O = Ao + sin (co/ + aO 

+ A2 sin ( 2 a 7 + r/o) + • * 

then tlie frequency is w/27r. Unless otherwise 
specifi(‘(i, (lie unit is the cycle per second. 

FREQUENCY OF AMPTJTUDE RESO- 
NANCE. Th(3 frc'quency of maximum ampli- 
tude of oscillator. 

PREQlfENCY OF ENERGY RESONANCE. 

For a forced hannonic oscillator the freciuency 
for wdiieh the velocity and tlie energy dissipa- 
tion of the system are maxima is given by 


27r V 

where A* is the stiffness and ni is the effective 
mass. (Sec oscillation, forced.) 

FREQUENCY OF MAXIMUM AMPLI- 

TUDE OF OSCILLATOR. For a forced har- 
monic oscillator of effective mass m, the fre- 
quency for wdiich the amplitude of the system 
is a maxinium is given by 

1 IJc ^ 

^ 27r \ 7n 2m^ 

when* k is the force constant and B is the 

dissipative constant. (See oscillation, forced.) 

FREQUENCY, OPTIMUM WORKING. The 

most effective frequency at a specified time 
for ionospheric propagation of radio waves 
between two specified points. In predictions 
of useful frequencies, the optimum working 
frequency is commonly taken as 15 per cent 
below the monthly median value of the maxi- 
mum usable frequency (see frequency, maxi- 
mum usable) , for the specified time and path. 

FREQUENCY OVERLAP. In a color tele- 
vision system, that part of the frequency band 
which is common to the monochrome channel 


369 


Frequency Fulling — Frequency, Ultrasonic 


and the chrominance channel. Frequency 
overlap is a form of band-sharing. 

FREQUENCY PULLING. See pulling figure. 

FREQUENCY PULSING. A phenomenon 
sometimes found in oscillators in which two 
likely frequencies of oscillation exist. As the 
oscillation at one frequency builds up, the 
electronic admittance develoi)od by the tube 
may change in such a manner as to cause an 
oscillation at tlie second frequency to start 
building uj) which, in turn, may cause the first 
oscillation to cease The oscillator may alter- 
nate between the two oscillation frequencies, 
or both may exist simultaneously. 

FREQUENCY PUSHING. See pushing 
figure. 

FREQUENCY RECORD. A recording of 
various known frccjucncies at known ampli- 
tudes, usually for the jmrpose of testing or 
measuring. 

FREQUENCY RESPONSE. The range of 
frequencies^ })asscd with an allowalde loss by 
a circuit or (l(‘vice, such as an audio ampli- 
fier, a microphone or a loudspeaker. 

FREQUENCY RESPONSE CHARACTER- 
ISTICS OF THE EAR. 'Flic various response 
characteristics of ilie car which depend on 
fre(|uency. These include loudness, pitch, 
masking, non-linearity of the car, vibrato, 
timbre, auditory localization and minimum 
perceptible difference. 

FREQUENCY - RESPONSE EQUALIZA- 
TION (EQUALIZATION). The effc'ct of all 
frequency divcriininative means employed in 
a transmission system to obtain a desired 
over-all frequency response. 

FREQUENCY SENSITIVITY. See long-line 
effect. 

FREQUENCY SEPARATOR. The name 
soinetunes applied to the circuits in a tele- 
vision receiver which separate the hoi’izontal 
and vertical synchronizing signals from the 
composite signal. 

FREQUENCY-SHIFT KEYING OR FSK. 

That fonn of frequency modulation (sec mod- 
ulation, frequency) in which the modulating 
wave shifts the output frequency between pre- 
determined values, and the output wave is 
coherent with no pliase discontinuity. 


FREQUENCY, SIDE. One of the frequencies 
of a sideband. 

FREQUENCY STABILIZATION. The proc- 
ess of controlling the center frequency so that 
it differs from that of a reference source by 
not more than a prescribed amount. 

FREQUENCY STANDARD. The standard 
of fr(‘qu('iicy used in frequency measurement 
(sec frequency meter), usually an extremely 
stable, cr>"stal-contr()lle(l oscillator. The fun- 
damental standard is the rotation of the earth, 
and other standards are checked against this. 
Standards which may be (*hecked directly (by 
means of synchronous clocks) are called pri- 
mary standards, while those which arc checked 
against primary standards a^c called second- 
ary ^standards. 

FREQUENCY SWING. In frequency mod- 
ulation (see modulation, frequency), the peak 
difference het\scen the maximum and the 
minimum values of the insfantanoous fre- 
quency. 

FREQUENCY TRANSFER UNITS. A de- 
vice consisting of a heterodyne frequency 
meter (witli Iiarmonic generating circuits) and 
a heterodyne detector which is utilized in 
transferring an unknown frequency for meatt- 
urcincnt against a frequency standard. 

FREQUENCY TRANSLATION. Often in 
communication circuits it is desirable to move 
a frequency channel bodily to another part 
of the s])eclrum. This process is frequency 
translation and is performed by beating the 
frequencies to be moved with another fixed 
frequency. The sum or difference of the 
original frequencies and the beating frequency 
then gives the same channel at another point 
in the spoetriim and by the proper choice of 
the beating fref|uency this new location can 
be fixed as desired. 

FREQUENCY TOLERANCE OF A RADIO 
TRANSMITTER. The extent to w'hich the 
carrier frequency of a transmitter may be 
permitted to depart from the frequency as- 
signed. 

FREQUENCY TRIPLER. A device deliver- 
ing output voltage at a frequency that is thrae 
times the input frequency. 

FREQUENCY, ULTRASONIC (SUPER.^ 
SONIC FREQUENCY). A frequency lying 
above the audio frequency range. (See fre* 
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quency, audio.) The term is commonly ap- 
plied to elastic waves propagated in gases, 
liquids, or solids. The word “ultrasonic’^ may 
be used as a modifier to indicate a device or 
system intended to operate at ullrasonic fre- 
quencies. The use of supersonic in this sense 
is deprecated, this modifier being used in con- 
nection wuth speeds higlier than that of sound. 

FRESNEL. A unit of frequency equal to 10 ^^ 
cycles per second. 

FRESNEL-ARAGON, LAW(S) OF. (1 ) Two 

rays of light polarized in the same i)lanc in- 
terfere in the same manner as ordinary light. 
(2) Two rays polarized at right angles do not 
interfere. (3) Two rays polarized at right 
angles from ordinary light and brought into 
the same plane of polarization, do not inter- 
fere in the ordinary sense. (4) Two rays 
polarized at right angles (obtained from plane 
polarized light) interfere when brought into 
the same plane of polarization. 

FRESNEL BIPRISM. See prism, Fresnel 
biprism. 

FRESNEL COEFFICIENT OF DRAG. The 

ratio, according to Fresnel, of the velocity of 
the ether in a moving transparent medium to 
tfie velocity of the medium itself. Supposed 
to have the value 1 — (1/'^^) where ?? is the 
refractive index of the medium. Experimen- 
tally verified by the Airy experiment, but the 
explanation lotlay rests on relativity theory 
rather than ether drag. (See also Fizeau ex- 
periment.) 

FRESNEL DIFFRACTION. (1) The radia- 
tion field transmitted through an aperture in 
an absorbing screen at distances large com- 
pared to the wavelength, and to the dimensions 
of the aperture, and yet small enough to re- 
quire consideration of the effect of the phase- 
differences betw^een secondary wavelets, even 
along the normal to the screen. (See Fraun- 
hofer region, Fresnel region.) (2) The dif- 
fraction effect obtained when either the source 
of the radiation or the observing screen or 
both are at a finite distance from the diffract- 
ing aperture or obstacle, that is, the wave 
fronts are spherical rather than plane as in 
the case of Fraunhofer diffraction. 

FRESNEL EQUATIONS. Equations giving 
the intensity in each c»r the two polarization 
components of light in a less dense medium 


reflected at the surface of a more dense trans- 
parent medium. 

Vibrations normal to the plane of the inci- 
dent and reflected beams: 

I sin^ {i — r) 

/o sin^ {i + r) 

Vibrations in the plane of the incident and 
reflected beams: 

I tan^ (i — r) 

7o tan^ (? + r) 

These may be combined for normal iiicidcriec 
into the more familiar equation 



for air as one medium. 

FRESNEL EQUATIONS FOR METALLIC 
REFLECTION. For strongly absorl)ing ma- 
terials like metals, the index of refraction n 
of the simple Fresnel equation shouhl be re- 
placed by its complex form 

ft = 72(1 — u), 

where k is the absorption index. Introducing 
this and multiplying by the complex conjugate 
gives for the reflection coefficient 

{n — 1)^ + 

{n + 1)^ + 

Note that when k is very large, the reflection 
coefficient is nearly unit 3 ^ 

FRESNEL INTEGRAL. If the error func- 
tion, for real values of the variable t, is sepa- 
rated into real and imaginary parts 

erf (0 = C(0 — AS(0. 

(1 + 2 ) 

The resulting real functions are the Fresnel 
integrals 



S{t) = I sin — dx, 
Jq 2 


FRESNEL MIRRORS. Two plane mirrors 
almost, but not quite, in the same plane. 
Light from a point source or slit after re« 
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flection from the two mirrors will show inter- 
ference bands in the region where the light 
reflected from one mirror overlaps the light 
reflected from the other mirror. (See Robert- 
son, Introduction to Optics y page 150.) 

FRESNEL REGION. In antenna terminol- 
ogy, the region between the antenna and the 
Fraunhofer region. If the antenna has a well- 
defined aperture 7) in a given aspect, the 
Fresnel region in that aspect is commonly 
taken to extend a distance 2D^/\ in that 
aspect, A being the wavelength. 

FRESNEL RHOMB. A glass rhomb with 
acute angles of about 55 degrees. Plane- 
polarized light incident nonnally upon an end 
of the rhomb, with plane of vibration making 
an angle of 45 degrees to an edge of the rhomb, 
will emerge from the opposite end circularly- 
polarized. This is essentially true for all 
wavelengths, since the effect is the result of 
internal total reflection. 

FRESNEL ZONES. The zones discussed in 
diffraction, half-period elements. 

FREUNDLICH ADSORPTION ISO- 
THERM. Sec adsorption isotherm. 

FRICTION. The resistance offered to the 
motion of one body upon or through another. 

FRICTION, ANGLE OF. The angle whose 
tangent is equal to the coefficient of static 
friction. (See friction, coefficient of static.) 

FRICTION BEARING. See bearings, types 
of. 

FRICTION, COEFFICIENT OF KINETIC 
(SLIDING). For two surfaces, the ratio of 
the tangential force which i^ required to sus- 
tain motion without acceleration of one sur- 
face with respect to the other, to the normal 
force which presses the two surfaces together. 
It is generally less than coefficient of static 
friction. 

FRICTION, COEFFICIENT OF STATIC. 

For two surfaces, the ratio of the maximum 
tangential force which is required initially to 
produce motion of one surface with respect 
to the other, to the normal force which presses 
the two surfaces together. It is generally 
greater than coefficient of kinetic friction. 
(See friction, coefficient of kinetic.) 


FRICTION, CONE OF. A conical surface 
which always contains the resultant of the 
force of friction between two surfaces and the 
normal force pressing the two surfaces to- 
gether. The half angle at the apex of the 
cone is equal to the angle of friction. (See 
friction, angle of.) 

FRICTION LAYER. The lower layer of air, 
helow the ‘ffree atmosphere,” where friction 
with the earth’s surface affects its flow. De- 
pending upon conditions, its thickness is usu- 
ally from 1500 to 3000 feet. 

FRICTION, MECHANICAL. The chief 
causes of friction are the interlocking of the 
minute irregularities on the rubbing surfaces, 
adhesion hetween tlje surfacevs, and the in- 
dent aUon of the softer by the harder body. 
Friction between solid bodies may be classified 
as slirliiig and rolling. The laws of sliding 
friction were iine^tigated by Coulomb, who 
found tliat, aiiproximately and within limits, 
(1) (he fiiclioii between two surfaces is 
slightly greater just before motion begins than 
when the surfaces are in steady relative mo- 
tion; (2) the friction is proportional to the 
force pressing the surfaces together; (3) it is 
indejiendent of the area of contact, and (ex- 
cept at start) of the speed of relative motion. 
The com^tant ratio of the friction to the force 
])re.ssing ihe surfaces togethei is called the 
coefficient ol friction, some typical values of 
which are as follows: 


Drv wood on dry wood 

. 0.35 

Leather on metal 

0.65 

Iron on .stone 

0 .60 

U ood on stone 

0.40 

Stone on stone oi brick 

0.65 

\\ ell-v)il(*fl nietfiKs 

0.05 


P>y means of such coofficient.s, it is possible 
(o calculate what tlic friction will be between 
two bodies, as a wooden .sill on a .stone founda- 
tion, ^^hen the force pre^sing them together 
is gi^Tii. 

The tangent of the angle at which a olane 
surface must he inclined for a solid block to 
slide steadily down it is the coefficient of slid- 
ing friction between plane and block. Lubri- 
cation greatly redu'^Ts the coefficient by sepa- 
rating the solid surfaces Rolling friction, due 
to the indentation of the surfaces in rolling 
contact, is much less than sliding friction, as 
illustrated by the use of ball-bearings. The 
viscosity of liquids and gases is sometimes 
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called “internal friction,” as is the dissipation 
of energy in a vibrating solid. 

FRICTION, SLIDING. See friction, coeffi- 
cient of kinetic. 

FRICTION, STATIC. See friction, coefficient 
of static. 

FRICTIONAL ELECTRICITY. See tribo- 
electrification. 

FRINGES, HAIDINGER. See Haidinger 
fringes. 

FRINGES OF EQUAL INCLINATION. See 
Haidinger fringes. 

FRINGE SHIFTS. See Michclson inter- 
ferometer. 

FROHLICH-BARDEEN THEORY. An at- 
tempt to explain superconductivity in terms 
of the interaction helwcen the conduction 
electrons and tlie lattice vibrations of the 
metal. Formidable mathematical difficulties 
have prevented the comi)letion of the tlicory 
(1955), but the isotope effect provides con- 
finnation, 

FRONT, FRONTOGENESIS, AND FRON- 
TOLYSIS. Surfaces of discontinuity between 
air masses are called frontal surfaces. The 
intersections of these frontal surfaces with the 
surface of tlie earth are called front*^. Frontal 
surfaces arc also loostdy spoken of as fronts. 
Actually the discontinuity usually extends 
through a vaiying zone of transition which 
is known as the frontal zone. By convention 
the exact frontal surface is taken as the 
boundary between the warm air and the 
frontal zone. Frontogcncsis is tlie formation 
or intensification of a frontal surface. Fron- 
tolysis is the diNintegratijm or weak(*ning of a 
frontal surface. Ih’actically all frontal zones 
have clouds associated with them. Pome arc 
acconifianied by precipitation. A great per- 
centage of temperate-zone precipitation and 
weather is directly the result of frontal ac- 
tivity. 

FRONT, COLD. A front along which colder 
air replaces wanner. 

FRONT FOCAL LENGTH. The distance 
from the primary al point to the front 
vertex of a lens. Its leciprocal is called the 
neutralizing power of the lens 


FRONT, INTERTROPICAL. The boundary 
between the trade wind system of the north- 
ern and southern hemispheres. It manifests 
itself as a fairly broad zone of transition com- 
monly known as the doldnuns, 

FRONT, OCCLUDED. A front along which 
a cold front overtakes a warm front. (See 
aKo occlusion.) 

FRONT PORCH. In television, that portion 
of a composite picture signal which lies be- 
tween the leading edge of the horizontal blank- 
ing pulse, and the leading edpe of the corre- 
sponding sync pulse. 

FRONT, QUASI-STATIONARY. The ideal 
stationary front is seldom found in nature, but 
it oft(‘n occurs that the fixmlal movement is 
such that no appreciable dis])lacement take^^ 
jilace. The front is tluui said to be quasi- 
stalionary. 

FRONT, SECONDARY. A second front of 
'similar nature to and following fairly closely 
behind a primary front. A clisturl)ance con- 
nected tbcH'with is called a secondary di’<- < 
(urbance. 

FRONT, STATIONARY. A front along which 
one air mass does not re])lace the other. 

FRONT-TO-REAR RATIO. In antenna ter- 
minology, the ratio of the* c'lTectiNTJic^^s of a 
directional antenna (see antenna, directional) 
toward the front and toward the r(*ar. 

FRONT-WALL PHOTOVOLTAIC CELL. 
See photovoltaic cell, front-wall. 

FRONT, WARM. A front along which 
warnuT air replaces colder. 

FROTH. A gas-ill-liquid di-^jicrsion. 

FROUDE NUMBER. The flow of an in- 
viscid, incoinpresi^ible fluid in two g(‘omet- 
rically similar flow systems ift dynamically 
similar if the Froude number of the two sys- 
tems is the same. The number is defined as 
where V is the velocity scale and I 
the length scale of the system considered, and 
g is the acceleration due to gravity. This 
criterion is only relevant if a free surface is 
present. Naval architects use an equivalent 
parameter, the speed-length ratio, defined as 
tlie quotient of the speed of the sJiip for ship 
model) in knots divided by the square root of 
the length in feet. 
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FT. (1) Symbol for comparative lifetime. 
(See lifetime, comparative.) (2) Abbrevia- 
tion for foot or feet. 

FUCHS THEOREM. If a second-order 
linear differential equation has regular singu- 
lar points at oo and at Xa, fc — 1,2, • • • , and 
no other singularities, its general form is 


P(n-i)(j-)/y' , P2(n-i)(.'r)2/ 

V H = 0 

^ F{.v) F^(x) 


where Fix) = (x — Xi) (x - Xo) • • • (x — Xn) 
and p»(x) is a polynomial in x of degree 
Such an equation is said to be of Fuchsian 
type. The theon'in may be extended to equa- 
tions of any order. 


FUGACITY. A quantity which measures the 
true escaping tendency of a gas, a sort of 
idealized pre^'-ure. If ])rimes and double 
prime's n'fer, respectively, to an ideal gas and 
a real gas, tlu'n (l(F ~ \''(]p = FT din p, and 
d(i'* — t "'(if, — FTdhi /, where (Kr is a 
chang(‘ in free energy or chemical potential, 
prodiic('d by a change in pressure, dp; V is 
tlie \olimie of the gas at the absolute tempera- 
ture T, / is its fugacity and F is the gas con- 
stant. 


FULGURATOR. An apfiaratus used in spec- 
troscopy, consisting of an atomizer to spray 
salt solutions into a flame. 


FULL-WAVE RECTIFIER(S). Sec entries 
under rectifier, full-wave. 

FUME. Fine iiartielcs (0.2 to 1 micron in 
diameter) of a solid or liquid suspended in a 
gas; technically fumes are colloidal systems 
formed from chemical reactions like cuinhiis- 
tion, distillation, bublimatioii, calcination, and 
condensation. 


FUNCTION. A mathematical ex]:)ression de- 
scribing the relation between variables; the 
function taking on a definite value, or values, 
when special values arc assigned to certain 
other quantities, called the arguments, or in- 
dependent variables of the function. If there 
is one independent variable, the dependent 
variable y may be determined by the equa- 
tion y — fix); U there are several independent 
variables, hy y — /(xi, Xo, •••, x„). Func- 
tions may be classified in many ways, as: 
explicit or implicit; continuous or discontin- 
uous; algebraic or transcendental. Tlicrc are 
further subdivisions of these functions. Fre- 


quently a function is named in honor of a 
mathematician who discovered or studied it. 

fun'ction, continuous. A function of 

one variable fix) is continuous at a value 
X =- c when fic) has a definite finite value 
w'hich is equal to the limit of fix) when x— » c. 
A function is continuous in an interval (a,b) 
when it is continuous at every j)oint of the 
interval, it being sufficient at the end points 
that 

lim /(x) =/(a); lim fix) = /(6). 

X X IT 

It. ha-; a discontinuity at a point where it is 
not continuous. The usual tyjx' of discon- 
tinuity is a point at which the function be- 
comes infinite, or wliore it has a finite jump 
tuKo called a saltus). 

Important properties of a continuous func- 
tion arc: (1) if it is continuous in a closed 
interval {a,b) , then among the different values 
of /(.t) in this interval, there is a greatest 
value M and n Ica.st value m; (2) if its in- 
ten al of continuity is (a,h), tlien between 
eveiy two values .rj and x-, of x in this interval, 
/ (j" ) takes at leu'-t onee every value between 
/(.r,) and f(x^). 

A function of two variables, f(x,y), is con- 
tinuous at a point (n,b) if 

lim f{x,!i) = f{a,b). 

X a 
V h 

FUNCTION, CYLINDRICAL. Sec Bessel 
differential equation. 

FUNCTION, ELLIPTIC. A transcendental 
function, (h'fined as the inverse of an elliptic 
integral. It is a doulily-periodic function of 
the complex variable witli no singularities ex- 
cept poles in the finite plane. Special forms 
of tlu'Tn arc known as Jacobi and Weierstrass 
elliptic functions. 

FUNCTION, EVEN. A function such that 
fix) - fi—x). typical examples being x^ and 
eos X. (See function, odd.) 

FUNCTION, EXPLICIT. A function defined 
by a relation between the variables giving an 
equation expressing one variable directly in 
terms of the other without the necessity of 
solving the equation; for example, y = fix,z), 
(See also function, implicit.) 

FUNCTION, HARMONIC. Any solution of 
the Laplace equation which has continuous 
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derivatives of first and second order. (Sec 
also harmonic.) 

FUNCTION, HOMOGENEOUS. A function 
f{xi^X 2 , • • •, x„) is homogeneous in all of its 
variables if, for any parameter t, txo^ 

• • •, tXn) = {xiy X 2 , • • • , Xn). The exponent 
n is the degree or order of the function. The 
behavior of such a function is known as the 
Euler theorem. 

FUNCTION, IMPLICIT. A function defined 
by a relation between variables as f{XyijyZ) 
— 0. (See also function, explicit.) 

FUNCTION, INTEGRAL. Defined for a 
real or complex variable by a power series 
which converges for all finite values of the 
variable. This includes polynomial func- 
tions as special cases. An integral function 
may also be defined as a function of a com- 
plex variable which is analytic at all finite 
points of the complex plane. Simple exam- 
ples, in addition to the polynomials, are the 
^ exponential functions, and the trigonometric 
functioas. 

FUNCTION, INVERSE. If // - fix) is a 
given function of r, then x regarded as a func- 
tion of 1 / is the inverse function of the given 
function. JOxamplos of pairs of inverse func- 
tions are: the square of a variable and tlie 
square-root function; the exponential func- 
tion and the logarithmic function; the trigo- 
nometric or hyperbolic functions and their in- 
verse functions. 

FUNCTION, LINEAR. A polynomial func- 
tion of first degree in the variables. (See 
equation, linear.) 

FUNCTION, MULTI-VALUED. See branch 
point. 

FUNCTION, ODD. A function which 
changes sign when the sign of the dependent 
variable is changed: /(— r) = —fix). Typi- 
cal examples are x^ and sin x. (See function, 
even.) 

FUNCTION, PERIODIC. A function for 

M’liich a constant a exists so /(z) — fiz + na), 
where n is an integer. The function repeats 
itself periodically with the fi ndamental pe- 
riod a. Typical examples arc sin 2 , cos z, 
with fundamental peii ^d 27 r; with funda- 
mental period 27ri. Functions may be doubly 
periodic such that the periods are of the form 


(na -f n'a'), both n and n' integers but not 
both zero. (Sec elliptic functions; trigono- 
metric functions; exponential functions; etc.) 

FUNCTION, STEP. A piece-wise constant 
function. For example, fix) =0 for x < 0 
and fix) =1 for :i: > 0. 

FUNCTION SWITCH. A network or sys- 
tem having a number of inputs and outputs, 
and so connected that signals reprej^enting in- 
formation expressed in a certain code, when 
applied to the inputs, cause output signals to 
appear which are a representation of the in- 
put information in a dilTererit code. 

FUNCTION SWITCH, ONE-MANY. A 
function switch in which only one injnit is 
excited at a time and each input produces 
a combination of outputs. 

FUNCTION, TRANSCENDENTAL. A 
fuii<‘tion which is not algebraic. The follow- 
ing include the more impoHant types: trig- 
onometric functions, inverse trigonometric 
functions, exponential functions, hyperbolic 
functions, logarithmic functions, gamma 
functions, beta functions, elliptic functions, 
Bessel functions, etc. 

FUNCTION UNIT. A device which can 
store a functional rolationshii) and release it 
continuously or in increments. 

FUNCTION, UNIT SAMPLING. The syn- 
chronizing or gating pulse-train used in pulse- 
amplitude modulation systems. (See modu- 
lation, pulse-amplitude.) 

FUNCTION, WEIGHTING. See Sturm- 
Liouville equation. 

FUNCTIONAL. A function whose argument 
or independent variable is a curve or surface 
(or a corresponding function). It may also 
be described as a function of a function. 

FUNDAMENTAL BAND. See band, funda- 
mental. 

FUNDAMENTAL COMPONENT. The fun- 
damental frequency component in the har- 
monic analysis of a wave. 

FUNDAMENTAL FREQUENCY. See fre- 
quency, fundamental. 

FUNDAMENTAL MODE OF VIBRATION. 
See vibration, fundamental mode of. 
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Fundamental Particle — Fuse 


FUNDAMENTAL PARTICLE. See elemen- 
tary particle. 

FUNDAMENTAL SERIES. See series in line 
spectra. 

FUNDAMENTAL TONE. See tone, funda- 
mental. 

FUNICULAR POLYGONS AND CATE- 
NARIES. If a closed loop of cord or rope is 
pulled at several points by forces in various 
directions, it forma a figure, plane or other- 
wise, known as a funicular polygon. The ex- 
ternal forces acting on the loop at the vertices 
are, for equilibrium, subject to the same con- 
ditions as a set of non-concurrent forces act- 
ing on a rigid body; while the three forces 
concurrent at each vertex, including the ten- 
sions in the loop itself, may be reproscidcd 



Kik 1 Closed luniciilar ]jolygon with (InpiaiTi of 
forct's 

l)V an cquilibruira Irianglc, aixl the- several 
luan(2;lcs fitted together to form the cquildi- 
rium polygon for the external forees (Fig. 
1 ) . Fig 2 gives the corresponding analysis 



External Forces 



Fir 2. Siisprnded cable with unequal loads. 

for an open cord supported at the ends and 
loaded by weights hung vertically from it In 
Fig. 3 the weights are equal, have equal hori- 



Fig. 3. Suspended cable with equal loads as m a 
Buspension bridge 


zontal spacing, and are hung close together. 
The form of the cord in this case approxi- 
iiiatejs a parabola. This condition practically 
obtains with the cables of a suspension bridge. 
The point O in eaeh figure is located by draw- 
ing from the extremities of any side of the 
external-face polygon lines parallel to the 
sides adjacent to the corresponding vertex of 
the funicular polygon. 

If a suspended cord is loaded uniformly 
along its length (not horizontally), as by its 
own weight, it assumes the form of a cate- 
nary. The equation of this curve may be 
written 

?/ = - -f. = a cosh -• 

2 u 

(The hyperbolic 00^.100 form is con\enicnt for 
numerical com])utalion«! ) a represents the 
y-iutercept of the curve. It is an interesting 
property of a catenary cable that if at any 



Fig I Tension of clean m nitinarj^ balances weight 
of chan h.mKinj; down to X-axis 

point it IS hung over a pulley, and enough 
cable cut off to reach down to the A^-axis 
(Fig. 4 ), the weight of this portion will just 
hustain the tension on the other side of the 
juilley. The funicular-polygon theory is 
sometimes useful in solving equilibrium prob- 
lems involving noncoiicurrent forces. 

FURRY THEOREM. The contribution to 
any jiroeess in quantum electrodynamics 
arising from an electron-positron closed loop 
which IS connected to an odd number of pho- 
ton lines, vanishes identically. 

FUSE. A fuse is a common protective or cir- 
cuit breaking device for low-voltage electric 
circuits. It is an over-current protector, and 
since the current must first heat the metal, 
there is a time delay in fuse ^'blowing^' that 
is inversely proportional to the current. This 
eharaclerivstic is called ^^nverse time clement.'' 
The ordinary fuse consists of a calibrated 
length of conductor whose resistance is so 
chosen that when a certain current through it 
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is exceeded, it fails to lose by radiation enough 
of the resistance heat to keep its temperature 
below melting. 

FUSION. A change from the solid to the liq- 
uid phase of matter. In crystalline bodies, 
and, wc arc beginning to understand, also in 
many other solids not exhibiting well-defined 
crystal structure, the atoms are held in posi- 
tions of stable equilibrium by intermolecular 
forces. They of course move with thermal 
agitation, but their movements are oscillatory 
and do not carr>’ them outside a limited range 
of distance from their equihhrium positions. 
If a solid body is suflRcienlly heated, the mole- 
cules break loose from their stable eonfigura- 
tion and wander about or diffuse among each 
other. When this condition has become gtm- 
cral, the body exhibits the characteristics of 
a liquid, and we say it has undergone fusion. 
In some cases, such as ice, the change is (juit(‘ 
abnipt, the substance having a well-^lefined 
melting point; in others, like glass or pitch, 
*It is gradual The difference is pro])ably due 
to the more uniform potential energy of the 
atoms in the former ease, so that they all 
“break loose” at the same stage of thermal 
agitation; while in the latter ease some atoms 
require more energy to dislodge tlieni than 
others. In any ea^e the process recjuires a 
supply of energy which i^ reeogni/(*(l as the 
heat of fusion. With most substances, fusion 
is accompanied by an increase in volume; but 


with some, like ice, the volume becomes defi- 
nitely less. 

FUSION, NUCLEAR. The combination of 
two light nuclei to form a heavier nucleus, 
with the release of the difference of the nu- 
clear binding energy of the products and the 
sum of the binding energies of the two light 
nuclei. Examples are: 

,D^ 4- iD2 -> + on' 4- 3.22 Mev, 

4” sLi^ — > 4 ^ 6 ^ 4“ on' 4* 15 1 Mev. 

Fusion reactions can take place only if the 
reacting nuclei possess sufficiently high ener- 
gies to overcome their mutual Coulomb re- 
juilsion and to approach within the range of 
nuclear forces, liencc lliey arc favored by 
high temjieratiire^. (See also thermonuclear 
reaction, carbon cycle, proton-proton chain.) 

FUSION AS AN ORDER-DISORDER 
TRANSITION. The concept that fusion of a 
e^>^stalline solid is essentially a change from 
the almost jierfectly ordered solid state to a 
disord('red licpiul state The vacant spaces in 
the crystal lattice correspond to the other 
component in the binary alloys which un- 
dergo order-disorder transition in Ihe pure 
form. Evidence from X-ray diffraction meas- 
meinents indieat('s (hat short-range order is 
retained during fusion l)ut long-range order is 
lost 

FUTURE OF AN EVENT, ABSOLUTE. See 
absolute future of an event. 


G 


G. (1) Gram (g). (2) Gravitation accelera- 
tion (g)j local gravitational acceleration 
(fifL), standard gravitational acceleration 
(gfo). (3) Acceleration of free fall {g). (d) 

Newtonian gravitational constant ((?). (5) 

Electrical conductance ((/ or G). (6) Grid 

or input conductance {gg), thus g designates 
the grid of a tube, either as a subscript or as a 
symbol on a circuit diagram. (7) Plate con- 
ductance igp). (8) Degeneracy (statistical 
weight) ig). (9) Modulus of shear elasticity 
(G). (10) Gibbs function (or free energy) 

(G, though F is also in common use). The 
Gibbs function per molecule or atom (g or 
gm)y per mole (G, j/, or (mi), and per unit 
mass (g). (11) Gyromagnetic ratio (g). 

(12) Lande factor (g). (13) Transconduc- 
tance, grid-plate (Opg or ^,„), (H) (/oupling 

constant ig), (15) In spectroscopy, ghost 
ig). (1(3) Type of electron with an azimuthal 
quantum number of 4 (g). (17) Spectral 

tenn symbol for L-valuc of 4 (G). (18) Vi- 

brational part of the energy of a molecule 
(G). The usage in (18) assumes separability 
of the energy into three parts, T -- + 

G + Fj cxjiressed in kaysers or megacycles. 

G STRING. Colloquialism for a round, solid, 
dielectric-coated single wire used as a wave- 
guide for the transmission of microwave en- 
ergy. For many frequencies ordinary copper 
magnet wire coated with enamel or synthetic 
enamel may be employed Also, a string 
tuned to the G-tone, as is the lowest string 
on a violin. 


Thus we refer to the voltage gain or current 
gain of an amplifier. 

GAIN-BAND MERIT. Tlic maximum band 
over which a matched insertion power-gain 
of unity (zero db) may be obtaim'd in an 
amplifier stage. 

GAIN-BANDWIDTH PRODUCT. The gain 
bandwidth product is ccjual to the product 
of amplification of an amplifier stage at mid- 
band, multiplied bv the bandwidth of the 
amplifier in megacycles. The bandwidth is 
defined as the difference A/ between the two 
frequencies at whi(‘h the power output is a 
specified fraction, usually one-half, of the 
midband (resonance) value. For a stage 
having a single resonant circuit (in its out- 
put) tliis product is found to be 


gain-bandwidth = 


9m 


27r(ZG) 


megacycles. 


where is the transconduclanee (micromhos) 
of the stage and ZC is the total capacitance 
(micromicrofarads) across the output. 

GAIN, DIRECTIVE. See directive gain. 

GAIN, INSERTION. See insertion gain. 

GAIN MARGIN. In feedback systems, a 

stability criterion wdiich indicates the increase 
in gam w'bieh w'ould be required to cause os- 
cillation. It is expressed as the reciprocal of 
the magnitude of the loop gain at the fre- 
quency wdicrc the phase shift is —180°. 


GADOLINIUM. Rare earth metallic ele- 
ment. Symbol Gd. Atomic number 64. 

GAIN (TRANSMISSION GAIN). (1) A 

general term used to denote an increase in 
signal power in transmission from one point 
to another. Gain is usually expressed in deci- 
bels and is widely used to denote transducer 
gain. (See also amplifier; antenna, direc- 
tional.) (2) The ratio of the output of a 
transducer to the input, even when these 
quantities are not measured in terms of power. 


GAIN OF ANTENNA. See antenna, gain pf. 

GALAXY NOISE. Noise wdlh the same char- 
acter as thermal-electronic noise w'hich comes 
from the general direction of the Milky Way. 

GALE. Wind with an hourly velocity ex- 
ceeding some specified value. In the Beau- 
fort scale, the various gale winds have veloci- 
ties above 32 miles per hour. 

GALILEAN RELATIVITY. Invariance of 
the equations of classical Newrtonian dynam- 
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ic8 under a transformation to a coordinate 
system moving witli constant velocity. Thus 
by no mechanical experiment in a laboratory 
could an observer measure the absolute ve- 
locity of the laboratory or its velocity rela- 
tive to the ^^fixed stars. 

GALILEAN TELESCOPE. A form of tele- 
scope which has a divergent lens for ocular 
and in which no real image is formed. The 
field of view is small, l)ut the whole telescope 
is shorter than with conventional telescopes 
of comparable power. Commonly used in 
opera glasses. 

GALILEAN TRANSFORMATION. The 

transformation to a system moving with con- 
stant relative velocity according to noii-rfla- 
tivistic kinematics: 

rfj' = dx — Vidt 

dy' = dy — Vydt 

dz* — dz — Vgdt 

dt^ = dl. 

GALL POTENTIOMETER. See potentiom- 
eter, Gall. 

GALLIUM. Metallic element. Symbol Ga. 
Atomic number 31. 

GALLON. A unit of liquid measure. The 
United States gallon is 231 cubic inches in 
volume. The imperial gallon used in England 
contains 277.46 cubic inches and is equivalent 
to 1.20032 U.S. gallons. The U.S. gallon of 
water weighs 8.345 pounds at 4°C and is di- 
vided into four quarts, 8 pints, or 128 fluid 
ounces. 

1 U.S. gallon — 3.78543 liters. 

1 imperial gallon = 4.54345 liters. 

GALVANOLUMINESCENCE. See lumines- 
cence. 

GALVANOMETER. An instrument for 
measuring electric currents, usually by means 
of their magnetic effect. Observations are 
made by noting the deflection produced by the 
torque exerted between an electric circuit and 
a magnet. Galvanometers may be divided 
broadly into two classes, according to whether 
the coil is stationary and the riagnet turns, 
or vice versa. 

Perhaps the most hi:.;uiy developed of the 
first type is the Kelvin astatic galvanometer 


(see galvanometer, Kelvin astatic). Among 
galvanometers of the second type, the best 
known is the d’Arsonval galvanometer (see 
galvanometer, d’Arsonval). There are also 
string galvanometers, in which a straight, 
slender wire carrying the current is thrust to 
one side by the magnetic field; and vibration 
galvanometers in which the string vibrates in 
synchronism with the alternating current 
traversing it. 

GALVANOMETER, ASTATIC. A galva- 
nometer which gives readings independent of 
the earth’s magnetic field by moans of a con- 
struction feature in which readings of cur- 
rent are obtained by passing the current 
through a coil around a system of two mov- 
able needles with opposing magnetic fields. 

GALVANOMETER, BALLISTIC. A galva- 
nometer which is used most commonly to 
measure the total quantity of electricity in 
a transient current, and is accordingly de- 
signed to have a long ])eriod of swing (high 
moment of inertia) of its moving element. 

GALVANOMETER CONSTANTS. The per- 
formance of a galvanometer can be described 
in terms of either of two sets of constants. 
The structural constants are: moment of in- 
ertia, damping, torsion constant, and motor 
constant. The behavior or working constants 
are: sensitivity, galvanometer resistance, 
critical damping resistance, and free period. 
The values of either set of constants are de- 
rivable from those of the other set, 

GALVANOMETER, DARSONVAL. A mov- 
ing-coil galvanometer in which the magnet 
is a fixed, permanent magnet of the horseshoe 



Essential parts of D’Arsonval galvanometer 
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or double-horseshoe form, with a light, rectan- 
gular coil suspended in the strong field be- 
tween its poles, the suspension carrying the 
feeble current. The current causes the coil 
to turn in the field. Often a fixed iron core is 
supported inside the movable coil to concen- 
trate the field. 

If these galvanometers are undamped, they 
will give a “throw” when a charge of elec- 
tricity is sent through them, and the charge 
can be thereby measured. Such an instru- 
ment, with a heavy coil, called a ballistic 
galvanometer, is useful in capacitance mea- 
urements. The oscillations may be damped 
by shunting. 

GALVANOMETER, EINTHOVEN. A string 
galvanometer (sec galvanometer, string) 
which is made very sensitive by the use of a 
strong magnet and a fine quanz or metallic 
thread, whose movement is observed opti- 
cally. 


GALVANOMETER EQUATION. The equa- 
tion of motion of a galvanometer: 


d^e ( 


G'\ de GE 

K H ) h I 0 — — » 

R/ dt R 


where P is the moment of inertia, iv, the me- 
chanical dam])ing coefficient, U, the restoring 
torque constant, Cr, the motor const* nt, E, 
the ai)plied voltage and P, the total circuit 
resi^lance. (See galvanometer constants.) 


GALVANOMETER, KELVIN ASTATIC, A 

stationary-coil galvanometer which has two 
magnets equally magnetized but antiparallel, 
mounted on the same suspension, one above 
the other, and each magnet is surrounded by 
a coil. The two coils are joined in s(*ries and 
are oppositely wound, so that a current 
through them will turn their respective !uair- 
n('ts in the same direction. The carth^s \mi- 
fonu field has no effect upon such an astatic 
pair of magnets; but there is a largo control 
magnet, placed above the pair, again*^! whose 
field the current turns the suspended system. 
The movement is ob8er\Td by the u.sual mir- 
ror-and-scale or optical lever device. Galva- 
nometers of this type arc now nearly obsolete. 


GALVANOMETER, MIRROR. Any galva- 
nometer in which the deflection is measured 
by the motion of a light- beam reflected from 
a mirror attached to the galvanic element. 


GALVANOMETER, MOVINOCOIL. A 
galvanometer in which a current-carrying coil 
is deflected by a fixed magnetic field. 

GALVANOMETER, OSCILLOGRAPH. A 

d^Arsonval galvanometer (see galvanometer, 
d’Arsonval), for use in a mechanical-deflec- 
tion oscillograph. 

GALVANOMETER RECORDER. A com- 
bination of mirror and c<fil suspended in a 
magnetic field. The application of a signal 
voltage to the coil causes a reflected light 
beam from the mirror to pass across a slit in 
front of a moving photographic film, thus 
providing a photographic record of the signal. 
Other galvanometer recorders use a photo- 
c]c(Ttric system so arranged that the motion 
of the mirror drives a “slave coil” which car- 
n(‘s a p)(‘n and records the magnitude of the 
signal on a moving paper chart.. 

GALVANOMETER, STRING. A fixed- 
magnet galvanometer, in which a straight, 
slender wire carrying the current is thrust to 
one side by the magnetic field. 

GALVANOMETER, TANGENT. A galva- 
nometer in which the sensing element is a 
magnetic needle pivoted at tlie center of a 
thin circular coil. In equilibrium, the needle 
points in the direction of the vector resultant 
of (1) the earth’s magnetic field, and (2) of 
the magnetic field })roduced by the current in 
the coil. 

GALVANOMETER, VIBRATION. A gal- 
vanometer in which a straight, slender wire 
in the field of a inagiiet vibrates in synchro- 
nism with the frequency of the alternating 
'Mirrent traversing it. Vibration galvanom- 
eiers ordinarily ojUTate a( a fixed frequency, 
and include provision for I he tuning of the 
moving system to resonance at this frequency, 

GALVANOMETRY. The art and process of 
detecting and measuring the strength of elec- 
tric cuiTcnt.s. 

GAMMA. (1^ The one-millionth part of a 
gram. (2) A unit of magnetic field intensity. 
(3) The tangent of the angle of the straight- 
line portion ot the D log E cur^^e and the log 
E axis is a measure of the degree of devel- 
opment and was termed by Hurter and Drif- 
field the development factor and designated 
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by the Greek letter y (gamma) . Gamma may 
also be defined as 

£>2 ~ 

7 

log E2 — log El 

where Dn and Di are densities on the straight- 
line portion of the D log E curve produced 
by log En and log Ei, respectively, and where 
E2 and El are exposures (see exposure, photo- 
graphic; also exposure-density relationship). 
(4) In a color or monochrome television chan- 
nel, or part thereof, the cocfiieicnt expressing 
the selected evaluation of the slope of the used 
part of the log vs. log plot relating input (ab- 
scissa) and output (ordinate) signal magni- 
tudes as measured from the point correspond- 
ing to some reference black level. As the, log 
vs. log plot is usually not entirely straight in 
the used region, it is necessary to formalize 
that evaluation of the slope, for example, by 
the use of the value at a particular point, 
maximum, mean, or other value. The method 
,of evaluation should be stated. At some 
joints, the signal may be in terms of light 
intensity or light tran.smission. 

The letter gamma is also used as a symbol 
for: (A) Activity coefficient, molal basis (y). 
(B) Specific weight or weightivity (7). (G) 

Ratio of specific heats of a gas (7). (D) 

Angular magnification (7). (E) Surface ten- 
sion (7). (F) Permeance (D. (G) Propa- 
gation constant (7). (H) (irunciscn constant 

(y). 

GAMMA CORRECTION. The modification 
of a transfer characteristic for the purpose of 
clianging the value of gamma. (See gamma 
(4).) 


GAMMA FUNCTION. The infinite integral, 
sometimes called Euler's second integral 


Viz) 


= r 

^0 


It converges for all positive values of z. Its 
properties include: 

r{z + 1) = zT{z); r(2)r(l - 2 ) = tt esc nz; 

r(|) = >A: r(n) = (n - i)!, 

whon 7! is a positive integer. 

The Weierstra.ss definition of t'.e function is 


1 



e-*/n 


where C is the Euler-Mascheroni constant; 


= lim (l+^H i---lnn) 

n — » * \ 71 / 


= 0 . 5772 * •. 

Another definition is that of Euler 


r(z) = lim 


(n - 1)! 


oc 2(2 + 1) • • • (z + n — 1) 


n^ 


GAMMA RAY. A quantum of electromag- 
netic radiation emitted by a nucleus as a re- 
sult of a quantum transition between two 
energy levels of the nucleus. Gamma ray 
energies range from lO'* to 10^ ev, with cor- 
respondingly short wavelengths and liigh fre- 
(luencics, and tlieir ability to penetrate mat- 
ter is high Th(‘y follow transitions that leave 
the product nuclei in excited states, as well 
as in many induced nuclear reactions and 
isomeric transitions. 


GAMMA-RAY EMISSION, MEASURE OF. 

The International Commission on Radiologi- 
cal Units (July 1953) recommended that 
7-ray emission be expressed in terms of 
roentgens ])er millicurie-hour at 1 centimeter 
from point source. This quantity is differ- 
ent for every radionuclide. 

GAMMA-RAY ENERGIES, DETERMINA- 
TION OF. The most direct procedure is to 
determine the wavelength, hence the fre- 
quency, by using a crystal as a diffraction 
grating. Other methods arc to measure the 
energy of photoelectrons, Compton recoil 
electrons, electron-positron pairs or the ab- 
sorption of 7-rays in matter. 

GAMMA RAY SPECTRUM. One or more 
sharp lines each corresponding to an intensity 
and energy characteristic of the source. The 
term is sometimes a])plied to x-ray photons 
and annihilation radiation photons, having 
high energies in the y-ray range, liut which 
differ from y-rays in their origin. 

GAMOW-TELLER SELECTION RULES. 
See selection rules, Gamow-Teller. 

GAP, AIR. Sec air gap. 

GAP FACTOR OR MODULATION COEF- 
FICIENT. In traveling-wave tubes, the ra- 
tio of peak energy gained (electron volts) to 
the peak resonator voltage. 
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Gap Length — Gas, Permanent 


GAP LENGTH. In longitudinal magnetic 
recording, the physical distance between ad- 
jacent surfaces of the poles of a magnetic 
head. The effective gap length is usually 
greater than the physical length and can be 
experimentally determined in some cases. 

GAP, MAIN (OF A GLOW-DISCHARGE 
COLD-CATHODE TUBE). The conduction 
])Hth between a principal cathode and a prin- 
cipal anode. 

GAS. A state of matter, in which the mole- 
cules move freely, and consequently the en- 
tire mass lends to expand indefinitely, occu- 
pying the total volume of any vessel into 
which it introduced. Gases follow, within 
considerable degree of fidelity, certain laws 
relating their conditions of pressure, volume, 
and temperature (see equations of state) ; 
they mix freely with each other; and they 
can all be liipiefied. 

CAS AMPLIFICATION. (1) A property of 
a gas-filled radiation eounlcr tube, defined by 
th(' formula V Anc 'C\ Here the gas am- 
phfieation (A in the fonnula) is the number 
of additional ions produced by eaeli electron 
produced in tin* primary ionizing event, as it 
tr/ivels to the central wire in a radiation 
counter. The formula expresses the size of 
the pulse V in volts ap])('aring in the unier 
in terms of the iras ainidifieation A, the luiiu- 
ber of electrons formed in the initial ionizing 
event n, the electron charge in inicrocoulomhs. 
c, and the distributed capacity of the central 
wire ^ystem in microfara<ls, (\ (2) In a gas 

phototube, the ratio of radiant or luminous 
sensitivities, with and without ioiiizaiion ot 
the contained gas, is the gas ainjilifi cation 
factor. 

GAS BALANCE. An instrument for meaMir- 
ing the density of a gas. Hegiiault u.sed a 
globe or “balloon ” which was filled with ga^^ 
and weighed, its weight when evacuated being 
known. The Whytlaw-Oray microbahmee is 
a delicate “buoyancy” apparatus. 

GAS CLEANUP. See cleanup. 

GAS CONSTANT. The constant of propor- 
tionality R in the equation of state of a per- 
fect gas pv = RT, when referring to one 
gram-molecule of gas. R has the value of 
1.985 calories per mole degree (C°). 


GAS(IONIZATION) CURRENT (IN A VAC- 
UUM TUBE). Current flowing to a nega- 
tively-biased electrode, and composed of posi- 
tive ions which are produc.ed by an electron 
current flowing between other electrodes. 
Positive ions arc a result of collision between 
electrons and molecules of the residual gas. 

GAS DISCHARGE. See discharge, gaseous. 

GAS DISCHARGE, FIELD-INTENSIFIED. 
See gas discharge, nonself -maintaining. 

CAS DISCHARGE, NONSELF-MAINTAIN- 
ING. A conduction current in a gas which is 
due to ionization of tlie gas from an external 
source other than the apjdied voltage. Also 
known as a field-intensified discharge or a 
Townsend discharge. 

GAS DISCHARGE. SELF-MAINTAINING. 
Ionic conduction in a gas caused by the ap- 
plication of an electric field sufficient to cause 
creation of the neee^’sary su])])ly of ions by 
collisions between electrons and molecules. 
Breakdown may be due to an external ioniz- 
ing source, but once the discharge is initiated 
it will continue unaided. 

GAS ELECTRODE, See electrode, gas. 

GAS-FILLED COUNTER TUBE. See 
counter tube, gas-filled. 

GAS FOCUSING. A method nf concentrat- 
ing an electron beam by the action of ionized 
gas. Th(‘ ])ositive ions produced m the gas 
compensale for the negative space charge of 
tlie clceirons. 

GAS, IDEAL. The theoretical concept of a 
gas \^hose molecules have mass but no finite 
>\zv, anvl do not excri forces upon each other. 

r\S, INERT. A gas that does not react 
chernieally, such as helium, argon, neon, 
krypton, and xenon. 

GAS MAGNIFICATION. See gas amplifica- 
tion. 

GAS MANOMETER. A pressure gauge used 
for gases. 

GAS NOISE. Noise caused by the random 
production of ions in gas tubes and partially- 
evacuated vacuum tubes. 

GAS, PERMANENT, Oxygen, nitrogen, hy- 
drogen, and other gases which require low 
temperatures for their liquefaction. In the 
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early days of scientific investigation, before 
methods had been developed for obtaining 
these conditions, it was believed that these 
gases could not be liquefied at all, and hence 
they were called ^^pennanent’^ gases. 

GAS RATIO. The ratio of the ion current 
in a vacuum tube to the electron current that 
produces it. 


GAS THERMOMETER. When the stand- 
ard measure of temperature was fixed upon 
as the pressure of a gas kept at constant vol- 
ume, the constant -volume gas thermometer 
became the final arbiter of temperature meas- 
urement (see thermometry). Tn this instru- 
ment the gas (preferably hydrogen or helium) 
is enclosed in a glass or fused quartz bulb 
that is connected to a mercury manometer, 
and facilities arc provided to bring the gas 
always to the same volume and to indicate the 
gas pressure. The most com- 
mon form, designed by .lolly 
X (1^74), is shown diagrammati- 

0 H ^ cally by the figure, in which B 
reprcfecnts the bulb, T the flex- 
ible tube of the manometer, M 
the constant-volume mark at 
zero level, and P the level of 
the mercury indicating the 
pressure. The pn'ssure is regu- 
lated by moving the right-hand 
mercury column up or down 
the scale. Slight corrections are necessary for 
the cxfiansion of the bulb and for the diflference 
of temperature between the gas in the bulb and 
that in the connecting tube C, 



es- 


Sketch of 
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GAS TUBE. An electron tube in which the 
pressure of the contained gas or vapor is such 
as to affect substantially the electrical char- 
acteristics of the tube. 


GAS TURBINE. In the gas turbine a sta- 
tionary nozzle discharges a jet of gas (usually 
products of combustion) against the blades on 
the periphery of a turbine wheel. Tiie jet is 
thereby deflected and slowed while the blades 
receive an impulse force which is transmitted 
as a mechanical torque to the shaft. The 
prospective jet speed is sometimes sufficiently 
high to warrant dividing the expansion into a 
scries of stages with a set of nor.zles and a row 
of blades in each stage, all blade wheels being 
mounted on the same shaft. By limiting the 
gas expansion per stage the blade speed and 
rpm of the shaft are suitably decreased. Were 


the blades themselves so shaped as to be vir- 
tual nozzles, some expansion would also take 
place in the gas as it went through the blad- 
ing. The latter in consequence would receive 
a ^'reaction thrust'* distinct from impulse ac- 
tion. Many gas turbine designs have em- 
ployed the reaction principle. 

A properly designed nozzle can produce al- 
most an ideal (isentropic) adiabatic expan- 
sion of the gas. Any failure of the gas tur- 
bine to convert all the ideal available energy 
into work at the shaft is mainly attributable 
to the blading — its clearance, friction, leak- 
age, and residual gas velocity. 

GAS, TWO-DIMENSIONAL. A layer of ad- 
sorbed gas, of monomolecular thickness. 

GASEOUS TUBE GENERATOR. A power 
source comprising a gas-filled electron tube 
oscillator, a power supply, and associated 
control equipment. 

GATE. (1) A circuit having an output and a 
multiplicity of inputs so designed that the 
output is energized when and only when a cer- 
tain definite set of input conditions are met 
In computer work, a gate is often called an 
“and" circuit. (2) A signal used to enable 
the passage of other signals through a cir- 
cuit. (3) That part of a saturable reactor 
which exhibits thyratron or gate action. 

GATE ANGLE (FIRING ANGLE). The 

angle at which the gate impedance changes 
from a high to a low value. This angle is also 
called the firing angle. 

GATE CIRCUIT. A circuit which amplifies 
or passes a signal only in the presence of an 
appropriate synchronizing or “gating" pulse 
which “opens the gate." The following cir- 
cuit is a simplified example of one form 
which gating circuits may take: 



In this circuit, pulses from the receiving 
equipment are combined with rectangular 
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Gate Circuit A-C Supply Voltage — Gauge, Copley, Phipps and Glasser 


pulses from the synchronizer, and impressed 
upon the grid of a triode along with a nega- 
tive, biasing voltage. Pulses from the syn- 
chronizer are of positive-polarity, and suffi- 
ciently large to cause the triode to operate in 
its linear mode when they are present. When 
synchronizing pulses are absent, the triode is 
cut off, and the output is zero. 

Several gate circuits may merge into the 
load; the latter circuit is then called the load 
circuit, and the total current flowing through 
the load is called the load current. 

GATE CIRCUIT A-C SUPPLY VOLTAGE. 

The a-c voltage source appearing in the gate 
circuit of a magnetic amplifier, the function of 
which is to drive the saturable reactor core 
flux from the present level to saturation. Tn 
general this voltage source is also the lo«ad 
\oltage source and supplies power 1o the load 
during conducting intervals of the cycle 

GATE CURRENT. The current flowing in 
the gate winding. 

GATE IMPEDANCE. The impedance of 
one gale winding. 

GATE RESISTANCE. The resistance of one 
gate winding. 

CATE, TIME. See time gate. 

GATE VOLTAGE. Th(‘ voltage across the 
tcrniinals of the gate winding. 

GATE WINDING. The binding of a satu- 
rable reactor which produces the ^'on-off'' ac- 
tion on the load current. 

GATED-BEAM TUBE. Essentially a pen- 
tode with a very sharp cut-off and maximum 
anode current. This sharp transition is 
achieved with the aid of fixed-potential elec- 
trodes, which form a sheet beam of electrons, 
which may be deflected away from the anode 
by the application of a relatively small volt- 
age to a control electrode. 

GATING. (1) The process of selecting those 
portions of a wave which exist during one or 
more selected time-interv\als, or which have 
magnitudes between selected limits. (2) The 
function or operation of a saturable reactor 
or magnetic amplifier which causes it, during 
the first portion of the conducting alteration 
of the a-c supply voltage to block substanti- 
ally all of the supply voltage from the load; 
and during latter portion allows substantially 


all of the supply voltage to appear across the 
load; is called gating or gating action. The 
“gate,” is said to be virtually closed before 
firing and substantially open after firing. 

GATING CIRCUIT, A time-selection trans- 
ducer. (See transducer, time-selection.) 

GATING HALF-CYCLE. The half-cycle of 
the supply voltage during which gating takes 
place and a gate current may flow. 

GATING WAVEFORM. A waveform (some- 
times called the “gate’') applied to the con- 
trol point of a circuit in such a way as to alter 
the mode of operating of the circuit while 
the waveform is applied. 

GAUGE. An instrument or device for com- 
paring some physical characteristic, such as 
size, pressure, temperature, water level, force, 
ladialion intensity, etc. (See, for example, 
pressure gauge.) 

GAUGE, ALPHATRON. An ionization 
gauge (s ('0 gauge, ionization) in which the 
ionization is produced by a-particles obtained 
from a radioactive source, instead of by elec- 
trons emitted from a hot filament. It is useful 
at pressures above 10“*’^ mm Hg, where fila- 
ment life is seriously shortened by positive- 
ion bombardment, chemical reaction with the 
residual gas, etc. 

GAUGE, BAYARD AND ALPERT. An 

ionization gauge (see gauge, ionization) in 
wliicli the ion collector consists of a fine wire 
located along the axis of a helical grid func- 
tioning as anode. In this manner photo-elec- 
tron emission from the collector caused by 
soft x-rays originating in the anode is re- 
duced, and lower pressures may be read. 

GAUGE, BELLOWS. A pressure gauge in 
which the expansion and contraction of a 
flexible metal bellows is transmitted to an 
optical lever, a high sensitivity being achieved 
by the use of multiple reflections It can be 
used for the measurement of pressure dif- 
ferences as small as 2 X mm Ilg at any 
level of pressure, from vacuum up to severaJ 
atmo««pheres. 

GAUGE, COPLEY, PHIPPS and GLASSER. 

A form of ionization gauge (see gauge, ioni- 
zation) in which a metal deposit on the in- 
side of the glass envelope is used as ion col- 
lector. 


Gauge, Dushman and Found — Gauge, Lockenvitz Leaf 
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GAUGE, DUSHMAN AND FOUND. A 

form of ionization gauge (see gauge, ioniza- 
tion) in which the grid (ion collector) is,geo- 
metrically outside the anode. Electrons os- 
cillate between tlie filament and grid before 
striking the anode and with their longer path 
length is associated a correspondingly greater 
probability of ionization. 

GAUGE, EDWARDS. An ionization gauge 
(see gauge, ionization) in which a ])latinum- 
alloy ribbon filament containing barium and 
strontium metal is used as a source of elec- 
trons. 

GAUGE, FIBER. A pressure gauge in which 
the rate of damping of the vibrations of a 
fiber of some suitable nuiterial is used as a 
mt^asure of pressure If the pres.sure is suffi- 
ciently low for the mean free path to be large 
compan‘d with the thickness of ihe fiber, and 
the gauge is at a given temperature, then 

= - + /} 

‘ t 

where M is the molecular weight of the gas, 
A and B are constants characteristic of the 
fiber, and t is the time it takes for the amjili- 
tude of tlu‘ vibration to fall to a given frac- 
tion of its initial value, 

GAUGE, FOGEL. An ionization gauge (see 
gauge, ionization) in which the* sour(‘e of elec- 
trons is an oxid(‘-coated ribbon filament of 
hairpin form placc’d symnudrically between 
two parallel plates of nickel, one of which 
serves as anode, the otluT as ion collector. A 
shield is provided near th(‘ base of the wire 
supporting the ion eolJeetor to insure that 
[lart of the glass surface between this wire 
and the other supports shall be kept free from 
any deposit of metal distilled from the elec- 
trodes. Tlie leakage resistance is thus kept 
very high, allowing pressure readings down to 
10 mm Hg. 

GAUGE, FRYBERG AND SIMONS. A form 
of radiometer gauge (see gauge, radiometer) 
in which the leaf is made rigid and is hung 
from a wire, the ends of which are ])iv()ted so 
that the leaf moves without distortion. 

GAUGE, GAS DISCHARGE. A gauge in 
which the appearance of a gas d^-charge gives 
an indication of the pressure ui the system. 
It is used for a variet\ of measurements in 
physics and related fields. 


GAUGE, HALE. A Pirini gauge (see gauge, 
Pirini) in which the thermal contact at all 
supports is definite, thus eliminating a com- 
mon source of error in gauges of this type. 

GAUGE, HUNTOON AND ELLETT. An 

ionization gauge (see gauge, ionization) in 
which all three electrodes are in the form of 
tungsien spirals, each mounted at the ends 
on two current leads. It permits degassing 
of the individual elements by passing a cur- 
rent din'ctly tbroiigh them. 

GAUGE INVARIANCE (FIRST KIND). 

Property that a Lagrangian describing a field 
\p should be invariant under the transforma- 
tion xj/ ipe"* (where s ia a real constant). 
The charge-couLstTvation law follows from this 
l)ro])erty. 

GAUGE INVARIANCE (SECOND KIND). 
The j)roperty of the Maxwell equations of 
being invariant under the transfonnation 

dx 

A, - . 4 ,+ 

Avhere is the potential four-vector and 
rix 0 (n = d'Alembertian). (See field 
theory, Wcyl unified.) 

GAUGE, IONIZATION. A gauge in which 
the lute of collection of positive ions on one 
electrode of a triode vacuum tube is used as a 
measure of the residual gas pressure in the 
tube. 

GAUGE, KNUDSON LEAF. An early fonn 
of radiometer gauge (see gauge, radiometer) 
in which the construction is similar to that 
of a gold-leaf electroscope. 

GAUGE, LANDER. An ionization gauge 
(see gauge, ionization) in which, by the use 
of two ion collectors of different sizes, it is 
po^-ible to overcome to a large extent the 
limitation on sensitivity arising from photo- 
clectron emission from the collector. 

GAUGE, LOCKENVITZ LEAF. A leaf 
(radiometer) gauge (sec gauge, radiometer) 
adapted particularly for use in kinetic metal 
vacuum systems. The aluminum leaf is sus- 
pended bctwTcn adjacent parallel plane faces 
of copper jackets, in one of which steam is 
circulated, while the other is kept cool by 
tap water. 
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GAUGE, MAKINSON AND TREACY. An 
ionization gauge (see gauge, ionization) in 
which the ion collector is thin coating of 
Aquadag graphite on the cylindrical tube- 
wall, the anode is a wire along the axis, and 
the tungsten filament is near the collector and 
parallel to the axis. Tlie electron paths are 
lengthened by the application of an axial 
magnetic field. 

GAUGE, ‘‘MEMBRANE” OR “SURFACE ” 

A pressure gauge in which the rate of dam])- 
ing of the vibrations of a very thin, light 
silica membrane is used as a measure of pres- 
sure. (See gauge, fiber.) 

GAUGE, MORSE AND BOWIE. An ioniza- 
tion gauge (s^'C gauge, ionization), the chief 
features of which are an ion collector consist- 
ing of a thin deposit of platinum over a por- 
tion of the inner wall of the tube, a hairpin 
tungsten filament, and a double spiral tung- 
sten anode. It has a high sensitivily, attrib- 
uted to the relatively larger volume between 
the .anode and ion collector and to the open 
nature of the anode. 

GAUGE, MULTIPLYING. A liquid manom- 
eter arranged so that the movement of an 
interface caused by a firessure difTeience is 
inueh gre.ater than the liead of li(]uid that 
would produce the pressure ditTc'renec Com- 
mon examiiles are the inclined tube manom- 
eter, and two-lluid manometers such as the 
Chattock gauge. 

GAUGE, NELSON HYDROGEN. A gauge 
<xmsisting of an evacuated and sealed-off ion- 
ization manometer coimceted to a vacuum 
system, \ia a heated palladium tube. The 
palladium allows hydrogen to pass through 
it, but no other gas, so th.at the devict* is useful 
as a leak detector. Wlieii hydrogen is intro- 
duced into the vacuum system at the leak, 
the pressure in the gauge increases. 

GAUGE, PIRANI. A gauge in whieli the part 
of the energy lost by a heated wire which is 
due to conduction by the residual gas is taken 
as a measure of the pressure. When a wire, 
heated by a current, is in equilibrium, it loses 
heat (a) by radiation, (b) by conduction to 
the ends and other supports, and (c) on ac- 
count of the fact that, on the average, mole- 
cules of residual gas colliding with or con- 
densing on it leave it (on rebounding or re- 
evaporating) with a greater kinetic energy 


than that with which they arrived. If the 
mean free path of the molecules is not too 
small compared with ^the distance between 
the filament and the walls of the vessel, the 
energy lo.ss under item (e) is, for a given gas 
and filament temperature, proportional to the 
pre-^surc. Items (a) and (b) are functions of 
the filament tenijHTature only. 

A Piiani gauge in practice might consist of 
a tantalum lam]), the filament of which forms 
one arm of a Wheatstone bridge. The change 
in resistance due to cooling by the ga^ is then 
a mea‘>ure of the gas pressure. 

GAUGE, RADIOMETER. A pressure gauge 
in \Nlu(‘h the repuKion between adjacent hot 
and cold ])lates in an enclosure m 'which the 
re‘>i«lual ga*^ molecules have a mean free path 
large eom|)[ire(l with the distance Ixdweon the 
])lateh is a measure of th(‘ jiressure. It can 
he shovn that subject to certain simplifying 
ap})ro\imations the |)ressiire is given by: 


2 / 



where / if the rejiiilsive force ])cr unit area 
hetwod) the jilatos, and 1 \ and are the ab- 
solute tempeiatures of the hot and cold ])lates, 
rcspcetnelv In j)racticc, hefauso of the ap- 
pioxim.aiions inheient in tlm formula, the 
gauge is r;ihhrat( d Jigamst a McLeod gauge. 
(See gauge, McLeod.) 

GAUGE, W EKNER LEAF. A leaf gauge in 
vhich a leaf of gold, silver or aluminum foil, 
3-() cm loTiG, is sus])cndpd along the axis of 
a conical gla-'S tube lo which are applied ex- 
tcrnalK, op])osite the two faces of the leaf, 
two well-fitting water jackets maintained at 
different temperatures. 

GAUGE, WILLIAMS. A form of leaf gauge 
in which the hot surface is one face of a heated 
massive copper block, mounted opposite one 
side of an aluminum vane. 

GAUSITRON. A mercury-arc rectifier-tube 

which utilizes a high-voltage arc for starting. 

GAUSS. The emu unit of magnetic induction 
(flux density) , one maxwell per square centi- 
meter. 

GAUSS ERROR FUNCTION. See error 
function. 


Gauss Eyepiece — Gauss Method for Quadratures 
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GAUSS EYEPIECE. A Ramsden eyepiece 

which has a thin plate of glass at 45° to the 
optical axis placed between the two lenses. 
Useful in setting a telescope normal to a 
plane-reflecting surface. 

GAUSS HYPERGEOMETRIC EQUATION. 
A canonical form of the Riemann-Papperitz 
equation, where the regular singular points 
have been shifted to a? = 0, 1, oo. Its form is 

x(l - x)y" + ly - (a + 13 + - al3y = 0 

in which a, /3, y are parameters related to the 
exponents of the cMpiation. Its general solu- 
tion around the point .r = 0 and convergent 
for I a: I < 1, provided r is not a positive or nega- 
tive integer or zero, is 

y = AF{a, P, y]x) 

+ + a - 7, 1 + /3 - 7, 2 - 71 a-). 

In this holution F(x) is the Gauss hypergeo- 
metric function and A, B are constants of 
integration. 

GAUSS HYPERGEOMETRIC FUNCTION. 
A series soluti(m of the Gauss hypergeometric 
equation, 

F(oi, y; x) 

r(«)r(0),;^, r (7 + »0"! 

where r is the gamma function. The coeffi- 
cient of the general lonn is 

|a(a -+■ l)(a + 2) • • • 1 

1 {a + k- 1) •'• (/! + fc - J)l 

7(7 + 1) • • ’ (7 + — \) k \ 

Many w'ell-known functions, including the 
Legendre and other polynomials are com- 
pactly represented by the hypcrgeometric 
scries. Thus /"Tl, /?, (3; x) is the ordinary 
geometric series and Fia, /?, /?; x) is the 
binomial expansion of (1 — 

GAUSS LAW. The total electric flux from 
a charge q is 

D'da = J* eE-dcr = J*-^-Ti-da- = ^irq 


for any surface enclosing the cl arge. For dis- 
tributed charge of density p, 


^D*dcr ^ ±7rJ* pdr 


or in differential form 


V'D = 47rp 

by applying the Gauss theorem. (See induc- 
tion, electric.) The above expressions are 
appropriate in all unrationalized systems. In 
rationalized systems, the factor 47r is replaced 
by unity. 


GAUSS LAW FOR A MAGNETIC ME- 
DIUM. Applying the Gauss law to the mag- 
netic case: 


/ 


Bder = 47r 



V-B = 47rp 

where B is the magnetic induction, and p the 
density of magnetic charge. Since free mag- 
netic charge does not exist in nature, p - 0, 
and the Gauss law states: 


f 


B da = 0 


VB = 0. 


GAUSS LAW OF NORMAL GRAVITA- 
TIONAL FORCE. The surface integral of 
the normal component of the gravitational 
force on a particle of unit mass, taken over 
any closed surface is equal to — 47rCr times the 
total mass enclosed by the surface. (See 
flux.) 


GAUSS METHOD FOR QUADRATURES. 

The integral to be evaluated 



is replaced by 
6 

(f>(x)dx = Anyo + Aj 2 /i H h 



as in the Newton-Cotes method, anil the dif- 
ference betw’een the two integrals is minimized 
by fixing the values of 2{n + 1) quantities: 
(ti -f Ij values each of the coefficients Ak and 
the dependent variable //fc. The latter do not 
result from equally spaced intervals in x. the 
independent variable, as is the case for most 
qua^ature fonnulas. The 2(n -[- 1) param- 
eters are determined by solution of simulta- 
neous equations, which in turn depend on the 
real roots of the Legendre polynomials. Nu- 
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Gauss Principle of "Least Constraint” — Geiger Formula 


merical tables for these parameters are avail- 
able. 


GAUSS PRINCIPLE OF “LEAST CON- 
STRAINT.” (1) The motion of connected 
points is such that, for the elementary mo- 
tion actually taken, the sum of the products 
of the mass of each particle into the square 
of the distance of its deviation from the posi- 
tion it would have reached if free, is a mini- 
mum. 

(2) The motion of a system of material 
points interconnected in any way and sub- 
mitted to any influences, agrees at each in- 
stant as closely us possible with the motion 
the points would have if they were free. The 
actual motion takes place so that the con- 
straints on the system are the least possible. 
For the measurement of the constraint, during 
any infinitesimal element of time, take the 
sum of the products of the mass of each point 
by the square of its deviation from the ]^osi- 
tion the point would have occupied at the 
end of the element of time, if it had been free. 


GAUSS THEOREM. A relation between a 
volume integral and a surface integral, which 
in Cartesian coordinates is 



dv du 

+ “ + 
dy dz 


) 


dxdydz 


+ nv + vv')dS. 


The quantities UjVyW are functions of 
having continuous first derivatives within a 
^olumc T and they approaeh their values on 
the bounding surface continuously. The out- 
^va^d normal to the surface has direction 
cosines 

A vector form, known as the divergence 
theorem, is 


X 


V-Vdr 



\dS 


where the vector V has components u,VyW. 
However, the first form of the theorem holds 
even when u^v^w are not components of a 
vector. 

A physical interpretation of the vector 
equation may be made, for if V represents the 
flux density of an incompressible fluid, V-V 
is the amount of fluid which flows from a 
volume dr per second. The volume integral 
is thus the total loss of fluid, which must equal 


the rate of flow across all boundaries of the 
volume, and that equals the surface integral. 

This theorem is also called Green’s lemma 
or theorem. 

GAUSS THEORY. See first order theory 

( 2 ). 

GAUSSIAN CURVATURE OF SPACE- 
TIME. See curvature (Gaussian) of space- 
time. 

GAUSSIAN IMAGE POINT. For a system 
with spherical aberration, tlic image point 

to which the paraxial rays converge. 

GAUSSIAN LENS FORMULA. (1 /object 
distance) -j- (1 /image distance) = tl/focal 
limgth) This is one of the most simple first- 
order relations of optics. 

GAUSSIAN WAVE GROUP. A wave group 

for which 

q(K) -= 

Here k is the ‘‘wavelength constant’^ but 
actually the independent variable, while a 
and Ko are arbitrary constants. 

GAUSSIAN WELL. See potential, nuclear. 

GCA. Abbr(‘viation for ground-controlled 

api)roach. 

GCI. Abbreviation for ground- (or ship-) 
controlletl interception. 

GEE. A navigational system similar to 

loran. 

GEGENBAUER FUNCTION. A solution of 
tlic differential equation 

(z^ — \)u'' + {2n + 1)^?/' — a(a + 2n)u = 0. 

For integral values of a, the solution becomes 
the Gegenbauer polynomial. This function 
is a special case of the Gauss hypergeometric 
function. 

GEIGER COUNTER. Roe counter, Cefger. 

GEIGER FORMULA. A relationship be- 
tween the initial velocity of cr-particles and 
their range. This relationship, which was de- 
rived from measurements on radium C and 
was later found to apply to a-particles from 
various sources, which have ranges from 3 to 7 
cm, is of the form 

V - oR 
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where Vo is the initial velocity of the a-par- 
ticles at the source; a is a constant having 
the same value for a-particles from various 
sources, namely 1.03 X 10^^, provided Vo is 
given in centimeters per second; and iJ, the 
usual range of the a-particles, is given in the 
number of centimetcrh of air at and a 

pressure of one atmosphere, which the a-par- 
ticlos traverse from their source to a point at 
which they no longer produce appreciable 
ionization. 

GEIGER-NUTALL RELATION. An empir- 
ical rolationshii) between the a-particle range 
and disintegration constant of natural a- 
emitting radionuclides of the form: 

log /f — A + B log X, 

where R is the a-jiaiticle range, X is the dis- 
integration constant, A is a parameter having 
different values for the tliroe natural radio- 
active series, and B is constant. Tliis rela- 
tionship was more closely a])idicahle to the 
miembcTS of the natural series tlian it is to 
the more recently discovered a-emittors, espe- 
cially those produced artificially. Current 
theory does not substantiate the relationship 
except for the g(‘neral trend. 

GEIGER REGION OF A RADIATION 
COUNTER TUBE. (See plateau character- 
istic.) The range of a[)plie(l voltage in which 
tlie charge collected per isolated count Ls sub- 
stantially independent of the nature of the 
initial ionizing event. 

GEIGER THRESHOLD OF A RADIATION 
COUNTER TUBE. The lowest applied volt- 
age at which the charge collected per isolated 
tube count is substantially iinlepcmdent of the 
nature of the initial ionizing event. 

GEISSLER TUBE. Geisslcr manufactured a 
variety of gas discharge tul^’s at moderate 
exhaustion, which exhibited bright glow dis- 
charges and sometimes marked fluorescence 
effects. A form very useful in spectroscopy 
consists of two elongated bulbs, one contain- 
ing the cathode and one the anode, and con- 
nected by a straight capillary section. The 
glow is most intense in the capillary, which 
is by its shape especially adapt ('d to be placed 
in front of a spectroscope slit Such tubes 
may be conveniently Oj,jrat('d by an induction 
coil or a small transfornicr; though the latter 
is likely to overheat them and may even fuse 


the electrodes, unless a protective series re- 
sistor is employed. 

GEL. A two-cornponent colloidal system of 
a semi-solid nature, rich in liquid. The gel- 
ling component is usually of the lyophilic type 
and present in concentrations less than about 
10 per cent. The gel, or semi-solid form of 
a colloidal system, is related to the sol, or 
liquid form, in that they arc usually mutually 
transformable. 

GEL(S), ELASTIC AND NON-ELASTIC. 

Gels are sometimes classified according to 
iheir behavior when the dispersing medium 
is removed. Elastic gels such as gelatin and 
agar retain their elasticity, remain coherent 
and do not become arnorplious when tlesolv- 
ated. Non-elastic gels, such as gels of chromic 
oxide and silica, lose their elasticity and ap- 
pear amorphous on drying. 

GELLING POINT. The temperature at 
wdiich various colloidal solutions, or other 
senii-li(iiiids, become solid. Tt is a function 
of the concentration ns well as of the tem- 
perature of the substance or substances. 

GENERAL CIRCULATION. The grand 
wind system of the entire earth, also called 
atmos})lu‘ric circulation. 

GENERAL RELATIVITY THEORY. Sec 
relativity theory, general 

GENERALIZED COORDINATES AND 
MOMENTA. Sec coordinates and momenta, 
generalized. 

GENERALIZED MOMENTA. See coordi- 
nates and momenta, generalized. 

GENERALIZED VELOCITIES. In particle 
mechanics, the time rates of change of the 
generalized coordinates. 

GENERATING FUNCTION. A method of 
repre.senl ing a function in terms of another 
function containing one or more variables. 
These generating functions give the function 
to be generated as coefficients involving the 
new variable parametrically. Some examples 
follow: 

1. Legendre pol 3 momials 

00 

(1 — 2xy + Pn{x)y^ 

n-0 
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2. Associated Legendre polynomials 

2’"m!(l - 2x2/ + .5. " "" ^ 

3. Bessel functions of intcfcral order 

4. Ilermite polynomials 

exp [j-2 - (2 - x)2] = x; ; — 

r >_0 'd 

5. Laguerre polynomials 






6. Associated laigiicirc i)olynomia!s 


X 



7. Tsehebysebeff polynomials 


1 — XU 


T, -'ll T„{r)rr 


1 - 2i-)/ + y" n-O 

GENERATION RATE (IN A SEMICON- 
DUCTOR). The time rate of creation of 
electron-hole pairs. 


GENERATION TIME. Tlio average time 
between successive generations of thermal 
fissions, in a nuclear reactor. It is ecjual to 
the sum of the slowing down time of the fast 
fission neutrons and the ditlusion time (life- 
time) of the thermal neutrons. (See neutrons, 
fast and neutrons, thermal.) 

GENERATOR, ACOUSTIC. A transducer 

which converts electric, meclianical, or other 
forms of energy" into sound. 

GENERATOR, ALTERNATING - CUR- 
RENT. See alternator. 

GENERATOR, DIRECT - CURRENT. Sec 
direct-current generator. 

generator, DOUBLE-CURRENT. See 
double-current generator. 

generator (ELECTRICAL). E lectric 
generators are built in all capacities, to suit 


the smallest and the largest installations. 
They can produce alternating current or di- 
rect current (see alternator and direct-current 
generator) depending on the design, but the 
origin of the eleclrical energy is the same, 
whether tlic final product be a-c or d-c. To 
understand tlie action of the generator, exam- 



iij(’ big. j, wliicli r(‘j)resents a soft iron core 
rotating l)(‘t\ve('ii tlie poles of a permanent 
magnet, and liaving tlic slots on the surface, 
in which is eml)ed(lt‘(l a coil of wire. It is ap- 
])areiit that as the coil rotates, carried by the 
soft-iron armature, it will cut across the flux 
lines extending from pole to f)olc. When this 
apparatus is connected to stationary leads 
tliroiigh the medium of slip rings, and brushes 
resting thereon, it becomes an clementaiy 
allcrnator. If, inst(‘ad of slip rings, a split 
segm^mt, such as that shown in Fig. 2, is con- 
nected to the ends of the coil, the reverse of 
the eun’Dnt in the coil will occur when alter- 
nate segimails of the slip ring (an elementary 
eoninmtatoi) are opposite ore of the brushes. 



This gives unidirectional current in the ex- 
terior leads, although it would be quite vari- 
able w'ith only one coil in the armature. A 
uniform and unidirectional current is the re- 
sult of many single-coil armatures so con- 
nected that the resultant current is the sum 
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of several individual outputs. With sufficient 
overlap, the resulting current will be unifonn 
and unidirectional. When the coil is revolv- 
ing with an angular velocity w, at the posi- 
tion indicated, the speed of cutting verti- 
cally across flux lines is v cos tot. The time 
is measured from the vertical position of the 
coil, and angle 0 is AVhon a wire cuts a 
magnetic field having a flux density repre- 
sented by B and has a length and velocity 
represented by I and v, the voltage generated 
is volts, thus the voltage generated 

any in-^tant f, t being measured from the ]K)irit 
of minimum generated voltage, is Blv/10*^ 
sin u)t. 

The d-c generator is an ordinary dynamo 
machine liaving a multiple-coil winding, the 
ends of the coils of which an‘ connected to a 
multiple-segment commutator. The anna- 
ture is usually rotating, and the field sta- 
tionary. 

GENERATOR, INDUCTOR (ALTERNA- 
«TOR). A rotating machine which may he 
used to generate large amounts of power at 
frequencies as high as hundreds of kilocycles 
The machine operates on the principle of vari- 
able reluctance. An appropriately-sli.apcd 
rotor changes the air-gap reluctance, and thus 
the flux, at a cyclic rate The alternating flux 
is made to link a coil, thus producing the de- 
sired induced voltage. Tiicsc devices were 
the power sources for some of the first long- 
range, radio-telephone communication sys- 
tems, and many of the original machines hh* 
still in use. They are also employed in in- 
dustry to f^upply power to induction-healing 
systems. 

GENERATRIX. Also called generator, (See 
conical surface; ruled surface.) 

GEODESIC. That cur\^e connecting two 
fixed points which has an extreme length 
(maximal or minimal). In three-dimensional 
Euclidean geometry, the geodesic is clearly a 
straight line; if the path is constrained to the 
two-dimensional surface of a sphere, it is a 
segment of a great circle In the non-Eu- 
clidean geometries appropriate to the general 
relativity theory, the g(*odesic is the path fol- 
lowed by a particle upon which no electro- 
magnetic forces act. (See relativity theory, 
general) . 

GEOMETRIC CAPACITANCE. See capaci- 
tance, geometric. 


GEOMETRIC DISTORTION. Any aberra- 
tion which causes the reproduced picture to 
be geometrically dissimilar to the perspective 
plane-projection of the original scene. 

GEOMETRIC MEAN. The nth root of the 
product of n positive quantities Xi 

G = {xxX2r^ • • • 

GEOMETRIC PROGRESSION. A sequence 

of the form a, ar, • • •. The last term, 

/ - ur" (Sec series, geometric.) 

GEOMETRICAL OPTICS. This branch of 
physics treats light as if it were actually com- 
posed of “rays” diverging in various direc- 
tions from the source and abruptly bent by 
refraction or turned back by reflection into 
paths determined by w'ell-known law’s. The 
idea that light travels in straight lines is here 
uppermo.st, wdiilo its wave character and other 
physical aspects are lost sight of Thus the 
image of a point A, if “real,” is simply another 
point B through which the rays diverging from 
A ultimately pass after the several reflections 
or refractions produced by the mirrors, lenses, 
etc , of the optical sy^tcm If the image B is 
“virtual,” the rays appear to ho rlivoigirig fnuu 
it, but only because their direction liah been 
so changed that if jiroduced backward, the 
lines along which they now^ travel w'ould inter- 
sect at B A real image of a lamp may easily 
be formed by a reading glass; a virtual image, 
Iiy a plane mirror. (See optical instruments, 
eyepieces, spherical aberration, etc.) 

GEOMETRICAL SIMILARITY OF FLUID 
FLOW. Two fluid flows are geometrically 
similar if the boundary conditions of one may 
be transformed into the boundary conditions 
of the other by a simple change in the scales 
of length and velocity, i.c., one flow is a model 
of the other 

GEOMETRY. (1) Study of the properties, 
measurement, and relations between lines, 
angles, surfaces, and solids. In Euclidean 
geometry, the axioms and postulates of Euclid 
are used. Plane geometry is concerned mostly 
wdth angles, triangles, polygons, circles, and 
other figures which can be drawn with ruler 
and compass; solid geometry involves figures 
in three dimensions, such as planes, spheres, 
cubes, polyhedrons. Non-Euclidean geometry 
discards one or more of the Euclidean postu- 
lates. Other specialized geometries are ana* 
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lytic, descriptive, differential, projective, syn- 
thetic. 

(2) The physical relationship and sym- 
metry of the portions of an assembly. In 
neutron calculations, plane, cylindrical, and 
spherical geometries are arrangements liaving 
the corresponding symmetries. In cross-sec- 
tion measurements, good geometry refers to 
the case whore very few detected neutrons 
have suffered a collision in tlie target. In 
poor geometry almost all particles leaving 
the target arc detected. In general, good 
geometry refers to the case where the source 
subtends small angles at the detector, and 
poor geoin(‘try refcTs to tlie case where the 
source and detector are close together, sub- 
tending a largi angle The terms ^‘good’* and 
“poor” do not neec'-sarily carry their usual 
connotations; in ciTtain experiments poor 
geometry may be preferable to good goorn- 
etiy. (See good geometry.) 

GEOMETRY, ANALYTIC. Study of geom- 
etrv by algol)raie inetliods In two dimen- 
sions, (mnsi(leral)l(‘ attention is given to conic 
sections; in three dimensions, (o quadric sur- 
faces. Also called coordinate g('ometry. 

GEOMETRY, DESCRIPTIVE. (iraphic il 
flescription of o]).iects in three dimensions; the 
inathernalical technique of mechanical or 
((‘chnical drawing. 

GEOMETRY, DIFFERENTIAL. Applica- 
tion of differential calculus to the study of 
curves and surfaces, Metliods of tensor cal- 
culus are frequently used. 

GEOMETRY FACTOR (RADIATION). The 

average solid angle at the source subtended 
by the aperture or sensitive volinne of the 
detector, divided l)y the complete solid angle 
(47rr). Frequently used loosely to denote 
counting yield or counter efficiency. 

GEOMETRY, NON-EUCLIDEAN. Geom- 
etry in wliich not all the ax'ioms and postu- 
lates of Euclid are assumed. In particular, 
the classical non-Euclidean geometries are 
obtained by replacing the parallel postulate 
of Euclidean geometry by other assumptions. 

In hyperbolic geometry, usually credited to 
Lobachevsky, all of Euclid’s axioms are 
adopted with the exception of the parallel 
postulate, which is replaced by the assump- 
tion that through any point there are two 
or more lines which do not intersect a given 


line in the plane. Many theorems are the 
same as in Euclidean geometry, but many are 
different; for example, the sum of the three 
angles of a triangle is less than two right 
angles. 

In elliptic geometry, the ])jirallel postulate 
of Euclid is replaced by the assumption that 
tlirough a given point all lines intersect a 
given line in the plane. 

GEOMETRY, PROJECTS E. Study of geo- 
mclrie figures projected on a plane. (See also 
geometry, synthetic.) 

GEOMETRY, RADIATION. Refers to a de- 
scription of the dimensions and relative spa- 
tial positions of the source, delector, and any 
object or materials a Inch can absorb, scatter, 
or alter tlu' radiation being measured. 
Loosely, geometry factor. 

GEOMETRY, SYNTHETIC. Application of 
synthetic or (l(‘dnctive methorls to the study 
of gi'omctry The term is often used as 
syTionyiiioii^ witli pure geometry 

GEON. Entity consisting of an electromag- 
netic field held iogether l)y the gravitational 
attraction arising from the energy, and hence 
mass, of the field. Not observed, but the pos- 
sibility of its existence is a consequence of 
classical electromagnetic and gravitational 
theories. 

GEOSTROPHIC WIND. The wind that is 
the result of a balanced pn^^-sure gradient and 
Coriolis force. Geostrophic winds blow in 
straight or nearly straight linos. Low pres- 
sure is to the left of the viml direction in the 
northern hemisphere when the observer stands 
with back to the wind. 

GERMANIUM. Metallic clement. Symbol 
Ge. Atomic number 32. 

GETTER. A metallic deposit in a vacuum 
tube whose function is to absorb residual gas. 
The best getters are the electropositive metals 
such as sodium, potassium, magnesium, cal- 
cium, strontium, and barium. 

GETTER FILM, DISTILLATION 
METHOD OF FORMING. A method of 
depositing a film of sodium or potassium In 
a vacuum vessel in which successive distilla- 
tions are performed within, and finally from, 
a side tube provided with a scries of sealed- 
off constrictions. 
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GETTER FILM, ELECTROLYTIC 
METHOD OF FORMING. A method of 
forming a deposit of sodium, available where 
the vacuum vessel is of lime-soda glass. It 
is well known that sodium may be electro- 
lyzed through lime-soda glass. If, therefore, 
a thermionic source of electrons is provided 
inside an evacuated sealed-off vessel, part of 
which is dipped into a suitable liquid kept at 
a high potential relative to the source of elec- 
trons, a current will j)ass, carried by electrons 
between the thermionic cathode and the inner 
surface of Ihe glass, and by ions within th^^ 
glass. The only ions in the glass that are 
mobile an' sodium ions, and thus pure sodium 
is releas(‘d at the inner surface of the en- 
velope. 

GETTERING, “CONTACT.” The absorp- 
tion of gas resulting from its contact with the 
already dispersed getter film. 

GETTERING, DISPERSAL. The ahsori>ti()n 
of gas during the di‘*persal of the getter 
Through the vacuum tube. 

GETTERING, ELECTRIC - DISCHARGE. 

Absorption of gas may l)e greatly accelerated 
by passing an ionizing ‘deetron discharge 
through the gjus. The ga‘- is ionized, and the 
ions are neutralized wh('n they impinge on an 
electrode, so that the final product is neutral 
gas atoms. Those are then ea'^ily absorbed 
by the getter. 

GHOST(S). ( 1 ) In spectroscopy, false images 
of a spectral line produced by irregularities 
in the ruling of diffraction gratings. Rowland 
ghosts arc false images grouped symmetrically 
on botli sides of the tnie line. Lyman gho'-ts 
are false ord(*rs of siiectra for which the order 
is not an integer. ( 2 ) In television, the 
spurious image (see ghost image) resulting 
from an echo. 

GHOST IMAGE. In television, a second 
image appearing on the receiver screen, super- 
imposed on the desired signal. These images 
are caused by reflected rays arriving at the 
receiving antenna some small interval after 
the desired wave. A single, reflected ray from 
a stationary object will jiroduce a single, clear 
ghost, while a number of rcflcctod rays arriv- 
ing at assorted times creates an effect known 
as “smearing’^ or “smea’* ghost ^ Ghosts may 
also be produced wu : intensity reversal 
(white becomes black and vice- versa) due to 


a suitable phase of the secondary signal with 
respect to the primary signal, occurring on a 
suitable amplitude range of the received pri- 
mary signal. This ghost is customarily called 
a negative ghost. 

GIANT AIR SHOWER. The same as exten- 
sive shower. (See shower, extensive.) 

GIAUQUE-DEBYE METHOD. Sec adi- 
abatic demagnetization, cooling by. 

GIBBS ADSORPTION EQUATION. An 
ecjuation relating adsorption and surface ten- 
sion, derived by thermodynamics. For a two- 
coniponcnt system involving a solvent ( 1 ) and 
solute ( 2 ), the surface excess is given by 

1 fly 

To = “ 

RT (i In (/.Ao) 

where /o is the activity coefficient of com- 
])onen( 2 , is the mole fraction of cuniponent 
2 , y is the surface tension of the solution 
For ideal solution (see solution, ideal) 
/i* - 1 , and in dilute solutions the concentra- 
tion Cv is proj^ortional to the mole fraction 

A^. 

1 dy 

Pa = “7 — - 

RT d In r. 

From this equation it is api>arent that when 
the surface tension decreases with solute con- 
centration, the surface excess is a positive 
quanlity. Gonv('rs(‘ly the surface excess is 
a negative (jiiantity for tho-.e substances which 
increase the surface tension (The surface 
excess is the surface concentration of solute 
(eoinponent 2 in above equations) per unit 
area of interface.) 

GIBBS-DUHEM EQUATION. In a system 
of (wo or more components at constant tem- 
perature and pressure, the sum of the changes 
for the various components, of any partial 
molar quantity, each multiplied by the num- 
ber of moles of the component present, is zero. 
The special case of two components is tlie 
l)asis of tlic Gibbs-Duhem equation of the 
form: 

nidXi = —7iQjd^2 

in which rii and 772 are the number of moles of 
the respective components and and X2 are 
the partial molar values of any extensive prop- 
erty of the components. 
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GIBBS FREE ENERGY. Defined under 
free energy (1). 

GIBBS FUNCTION. Defined under free 
energy (1). 

GIBBS-HELMHOLTZ EQUATION. A ther- 
modynamic relationship useful in calculating 
changes in the energy or enthalpy (heat con- 
tent) of a system, from certain other data. 
Two useful general forms of this equation are: 



in which A is the work function, defined in 
this hook under free energy (2), U is the in- 
ternal energy of (he system, T is tlie abso- 
lute teni{)erature, V is the volume, P is the 
pressure, (r is the (libbs free energy (see 
free energy (1)), and H is the heat content of 
the system. 

GIBBS-HET.MHOLTZ EQUATION FOR A 
REVERSIBLE CELL. If (he heat of tlie 
clietnical reaction taking place in (lie cell is 
A//, F is tlie Faraday constant and the reac- 
tion takes place Ijy the migration of an ion 
bearing a charge j, tlien 

A/r -;>■(. -r|). 

where 8 is the o.m.f. of the cell. 

GILL-MORREL OSCILLATOR. A form of 
Barkhausen oscillator. 

GIBBS PHENOMENON. Unusual behavior 
shown by a function with a discontinuity, 
when it is approximated by a finite number 
of terms in a Fourier series. As a simple 
example, consider /(a*) - 1, 0 < x< tt; f(x) = 
— 1, TT < x < 27r. The sum of tlie first n 
terms in the Fourier series converges to ±1 
as n— 00 , except at the discontinuities, wdicre 
it converges to zero. Howu'ver, the maximum 
value of the first n terms approaches 1.179. 
A Fourier expan.'-ion for a function wdth a 
disronlmuity sliould be examined carefully 
for this phenomenon. 

GILBERT. The unit of magnetomotive force 
in the emu system. One gilbert = 10/47r 
ampere turns. 


GIMMICK. The colloquial name given to 
a small capacitor (1-5 micromicrofarads) 
formed from two insulated wires twisted to- 
gether. 

GLADSTONE DALE LAW. When a sub- 
stance is compressed, or it^ temperature 
varied, the density alters and there is a cor- 
responding variation in the refractive index. 
The form of this relationship is: 

n — 1 
= fr 

p 

wdierc n ia the index of refraction, p is the 
density, and fc is a constant. (See, how^ever, 

Lorentz-Lorenz relation.) 

GLAN PRISM (GLAN-THOMPSON 
PRISM). See prism, Clan. 

GLAN SPECTROPHOTOMETER. An in- 
strument similar to an ordinary’' spectrometer, 
but with certain modifications making pos- 
sible tlic comparison of two sources. 

GLANCING ANGLE. (1) The angle bc- 
twTcn a ray and (lie tangent plane to a sur- 
face. The comph‘ment of the angle of inci- 
dence. (2) The term i‘5 often used as a modi- 
fier, to indicate the incidence of a beam at a 
veiy small angle wdth tlie surface. 

GLASS. See vitreous state. 

GLASS ELECTRODE. See electrode, glass. 

GLIDE PLANE. (1 1 A symmetry clement 
of a space lattice, such that the lattice remains 
unenanged after a reflection in the plane, fol- 
low'ed by a translation parallel to the same 
plane. (2) Same as slip plane in theory of 
dislocations. 

GLIMMSCHICHT METHOD. See discus- 
sion of cathode glow. 

GLOBAR (GLOBAR LAMP). A ceramic rod 
consisting largely of silicon carbide (Carbo- 
ninduin) wdiich has some electrical conduc- 
tivity at room temperature and which can be 
heated to an almost w’hite heat in air w’ithout 
rapid deterioration. It radiates almost like 
a black body. Globars are commonly used 
as a radiation source like Nernst glowers In 
infrared sjiectrometers. They have the ad- 
vantage over Nernst glowers of not requiring 
a secondary heat source for starting and in 
being more rugged; however they cannot be 
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made as small as Nernst glowers and, in gen- 
eral, some sort of cooling device, such as a 
water jacket, is necessary. 

GLORY. A series of concentric colored rings 
around the shadow of the observer, or of his 
head only, cast upon a cloud or fog bank. 

GLOSSIMETER. An instrument for meas- 
uring the ratio of the light regularly or spec- 
ularly reflected from a surface, to the total 
light reflected. 

GLOW, ABNORMAL. See abnormal glow. 

GLOW DISCHARGE. A discharge of elec- 
tricity in a low-pressure gas, characterized by 
its low current-density, and a space potential 
in the vicinity of the cathode that is consid- 
erably higher than the ionization potential of 
the gas, but less than the sparking potential. 
The spectrum of the emitted light has a num- 
ber of luminous bands of different widths and 
intensities. 

GLOW DISCHARGE TUBE. See tube, reg- 
ulator. 

GLOW -DISCHARGE, COLD -CATHODE 
TUBE, See tube, glow-discharge cold-cath- 
ode. 

GLOW POTENTIAL, The potential across 
a glow discharge which ]s less than th(* spark- 
ing potential, but greater than (he ionization 
potential of the gas. This potential is quite 
constant as a function of the current in the 
normal glow region, where the cathode is not 
completely covered witli glow. As the cath- 
ode becomes covered with glow, an increase 
in current causes an increase in voltage, and 
tlie glow is now abnormal. SufReient excur- 
sion into the abnormal glow region will eau^c 
an abrupt drop in potential, and the discharge 
will be an are. 

GLUE LINE HEATING. In dielectric heat- 

ing usage, an arrangement of electrodes de- 
signed to give preferential heating to a thin 
film of material of relatively high loss factor 
between altej’natc layers of relatively low loss 
factor. 

C„i. See transconductance. 

GO, NO-GO DETECTOR. \n instrument 
which has only two sfablc states of indication, 
and which therefore wni give full response to 
any stimulus capable of actuating it. For 


example, a common fuse is a go, no-go de- 
tector, since cither it is intact, or it is burned 
out. An ammeter, however, can respond con- 
tinuously to the same current. 

GOBO. (1) A flag used to shield the lens 
of a television camera from the direct rays 
of light. (2) A sound shield placed around a 
microphone to reduce unwanted sounds. 

GOLAY PNEUMATIC CELL. A small 
transparent cell containing gas which is used 
to detect radiation. A very thin film within 
the cell absorbs incident radiation, which in- 
creases the cell temperature and pressure. 
Changes in pressure are recorded as indica- 
tions of the amount of incident radiation. 

GOLD. Metallic clemtmt. Symbol Au 
Atomic number 79. 

GOLD NUMBER. When certain colloids 
(hydrojdiilic) , such as gelatine, are added to 
a gold sol, the gold sol is strongly j)rot('rted 
against the flocculating action of electrolytes 
This ])rotective action on r<‘d gold sols may 
be measured by utilizing the color change red 
to l)liie which indicates the fii>t stage of co- 
agulation. The “gold number” as defined Ijy 
Zsigmondy is the wedght in milligrams of jiro- 
tective colloid which is just sufficient to ])re- 
vent the change from red to blue in 10 cur* 
of a standard gold sol (0.0053 to O.tlOfiS per 
cent All) after the addition of 1 cm^ of a 10 
per cent sodium chloride solution, 

GOLDSCHMIDT LAW. The structure of a 
ciystal is determined by the ratio of the num- 
bers, the r.atio of the sizes, and the properties 
of polarization of its structural units, i.e., 
atoms or ions. 

GONIOMETER. (1) An instrument for 
measuring the angles between the reflecting 
surfaces of a crystal or a prism. (2) A radio 
receiver and directional antenna system for 
determining the angle of arrival of trans- 
mitted waves. 

GOOD GEOMETRY. In nuclear physics 
measurements, an arrangement of source and 
detecting equipment such that the use of fin- 
ite source size and finite detector aperture 
introduces little error. For example, consider 
the measurement of the reaction energy Q, in 
the reaction A + B-^C + D + Q. Here 
particles B are supposed to strike target nu- 
clei A, releasing the disintegration particles 
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D and producing the recoil nuclei C. The 
measurement of Q depends upon the measure- 
ment of the energy of the particles I), and this 
in turn is dependent on the angle of emission 
of D relative to the direction of incident par- 
ticles B. The necessarily finite sizes of the 
target and the detector aperture introduce an 
uncertainty in this angle. “Good geometry*' 
is said to prevail when the resultant uncer- 
tainty in the measurement of Q is not much 
larger tlian the errors introduced by other 
factors such as the target thickness and the 
energy inhomogeneity of the incident par- 
ticles. 

COUDSMIT AND UHLENBECK ASSUME- 
TION. The assumption of electron spin, 
which was advanced to (‘xplain the multiplic- 
ity of many spectra, which is due to the con- 
tribution which the spin makes to the total 
angular momentum, and which is quantized 
in ihc spin quantum number. 

COUDSMIT r-SUM RULE, For a given 
electron configuration, the sum of tlie V values 
corresponding to a giv('n value of the mag- 
netic quantum nuinhcr is indc])endcnt of 
the field strength H. (For disemssion of r, 
s(‘e Lande F-permancnce rule.) 

GRADIENT. (1) A vector obtained l)y the 
application of the vector differential opera- 
tor V to a scalar point function. In rectangu- 
lar coordinates it is 

d<f> d<t> dij) 

grad it) = V</) = i h j + k - 

dx dy dz 

where i, j, k are unit vectors. It expresses, 
both in magnitude and direction, the greatest 
space rate of change of the scalar </>. At any 
point P, it is nomial to the surface (l>{x,y,z) - 
constant, which passes tliroiigh P. (2) The 
increase or decrease of a meteorological cle- 
ment with respect to distance, either horizon- 
tal or vertical, e.g., a barometric gradient of 
plus 10 millibars per 1000 miles, or a vertical 
temperature gradient of minus 4®C per 1000 
feet altitude, the latter being more commonly 
called the lapse rate. 

GRADIENT COUPLING. Type of postu- 
lated coupling between nucleons and other 
particles (mesons, p -particles and neutrinos) 
in which the interaction energy depends ex- 
plicitly on the first order derivatives of the 
wave functions with respect to position and 
time. 


GRADIENT WIND. The wind which blows 
when the pressure gradient, Coriolis force, 

and centrifugal force are balanced, and when 
there is no acceleration. In clockwise systems 
in the northern hemisphere Coriolis force bal- 
ances both centrifugal force and the pressure 
gradient; in the counterclockwise system, the 
pressure gradient balances both centrifugal 
force and Coriolis force. 

GRADIOMETER. A flux-gate magnetom- 
eter arrang('d to give an output proportional 
to the gradient of a magnetic field. 

GRAEFFE METHOD. A procedure for ob- 
taining approximate values of the roots of a 
polynomial. Known also by the names of 
Daivlelin and Lobachevsky, its advantages 
over other methods are that no first order ap- 
proximation to the root is needed and that all 
roots, both real and complex, are obtained in 
one operation. 

The given polynomial, conveniently written 

in the form H h =0, is 

repeatedly stjuared and the coefficients of 
e(iual pow'ors of x are collect('d. After this has 
been done times, the coefficients are the num- 
bers 1, iHi, vi 2 , “ • rrin. If ri, r 2 , • • r„ are 
the real roots of the polynomial, their abso- 
lute magnitudes are = |r 2 |^ = 

^n 2 /m\\ •••; |rn|^ = where p = 2*. 

The signs of the roots must be found in some 
other way. Appropriate modification of the 
method alsf> furnishes the comjdex roots, which 
occur in pairs. 

GRAHAM LAW. The rate of diffusion of a 

gas is inversely proportional to the square 
root of its density. 

GRAIN. (1) A small particle. (2) A unit 
of mass in the English system ecpial to the 
480th part of an apothecaries' ounce, or equal 
to the 5700th part of an apothecaries' pound. 
The conversion factors of grains to avoirdu- 
pois units, and to metric units, are as follows: 

437.5 grains = 1 avoirdupois ounce 
15.4324 grains = 1 gram 

1 grain = 0.0048 gram. 

See also grain boundary and grain, photo* 
graphic. 

GRAIN BOUNDARY. The surface separat- 
ing tw'o regions of a solid in which the crystal 
axes are differently oriented. It has been 
shown that such a boundary may be thought 
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of as built up of an array, or network of dis- 
locations, whose spacing D depends on the 



A simple grain boimdarv- The pliuip of the fi^uip is 
. parallel to the cube face and normal to the axis of 
’^relative rotation of the Uvo grains, which lia\e a 
common cube axib and an ani^ular ditTermce in rota- 
tion B (By permission fK»m “Dislocation^ in Crys- 
tals” by Read, Copyright 1053, McGiaw’-Hill Book 
Co.) 

tilt 6 of the axes across the surface. The 
energy (per unit area) of a grain boundary is 
given by 

E/Ern = {e/e„,)[i -\li{0/0^)\ 

where E^ and Om are parameters depending on 
the material. 

GRAIN BOUNDARY RELAXATION. A 
source of internal friction in solids due to the 
motion of grain boundaries under stress. 

GRAIN, PHOTOGRAPHIC. A small par- 
ticle of metallic silver remaining in a photo- 
graphic emulsion after development and fix- 
ing. In the agglomerate, these grains form 
the dark area of a photographic image. 

GRAININESS, PHOTOGRAPHIC. The vis- 
ible coarseness of a photographic material, 
under specified conditions, due to silver grains 
in a developed photographic film. 

GRAM. (1) A unit of mass, abbreviation gm 
or gr. One one-thousandth nf a kilogram. 
(2) A unit of force, abbre'd'i .ion gf or gr. 
The weight of a gram mass at the earth’s sur- 
face. If greater precision is needed, it is 
specified that this weight should be measured 


at a point where the acceleration due to grav- 
ity is 980.665 cm/sec^. 

GRAM-ATOM. That quantity of an element 
having a mass in grams numerically equal 
to the atomic weight. One gram atom con- 
tains the Avogadro number of atoms. 

GRAM-ATOMIC WEIGHT. The weight of 
a gram-atom. 


GRAM DETERMINANT. Used in testing 
functions for linear def)Oiideiice or independ- 
ence. Let vectors Uj, Uo, * • Un be given in 
an n -dimensional space. Then the Gram de- 
terminant has as elements u^-u^, the scalar 
product, or the Hermitian scalar product if 
the vector space is complex. If the determi- 
nant vanislus, this is a necessary and suffi- 
cient condition tliat the vectors are linearly 
depen(l(‘nt; if tlie determinant does not van- 
ish, the vectors are independent. A Minilar 
procedure may be used for n functions 

4>n ‘'nid the elements of tin* determi- 


nant become J (Sc'C also Wron- 

.skian.j 


GRAM-EQUIVALENT. The gram-atomic 
weight of an element (or formula weight of a 
radical) (li\icled by its valence. In the case 
of multivalent substances there will be more 
than one value for the gram-equivalent, viz., 
Fe+ ^ — 27.92 gm, Fe‘ ^ + = 18.61 gm, and 
the proper value for the particular reaction 
must be chosen. 


GRAM-MOLECULAR VOLUME. The vol- 
ume occupied by 1 mole of an element at O^C 
and 760 mm pressure. For an ideal gaseous 
element it is 22 242 liters, 

GRAM-MOLECULAR WEIGHT. That 
amount of a inire substance having a weight 
in grams numerically equal to the molecular 
weight. One gram-moleeular weight con- 
tains the Avogadro number of molecules. It 
is also designated as the mole or mol. 

GRAM-RAD. A unit of integral absorbed 
dose, recommended by the International Com- 
mission on Radiological Units (July, 1953). 
It is 100 ergs. 

GRAPH. A line drawing expressing a relation 
between two variables; or more generally, any 
record produced by physical methods. 
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GRAPHICAL DIFFERENTIATION. Esti- 
mation of ttie derivative of a curve by meas- 
uring the slope of a tangent to the graph of 
the curve. 

GRAPHICAL INTEGRATION. Obtaining 
the value of an integral by measuring the 
area under the graph of the function, by 
counting the squares, or by cutting out and 
weighing the graph. (See also planimeter, 
polar.) 

GRAPHICAL STATICS. The equilibrium 
of forces is often treated graphically in siicli 
practical problems as llu' stresses in the mem- 
bers of a framed structure If three eonciir- 
rent forces are m eciuilihrium, the three vec- 


Fii? 1 Uhl OP inreps in rqinlitniiim 

lois (liawn to a common c^eale to represent 
thi'in may be made to form a elo^^^ed triangle 
(Tig 1 ) ; or il more tlian three, a closed poly- 
gon (Fig, 2). The prineijde may be extended 
and is much used in tlic calculation of the 



Fig 2 . Fi\( fones in c(iuilil)imin 

forces in a truss by means of tlie so-ealled 
'^tress diagram. A sinqile example is shown 
in Fig. 3, which represents a small roof-truss 
with equal loads resting on it at tlie joints 
d, B, (\ D, E, and support (mI by the upward 
reactions of tlu' walls at A and E. The several 
compartments of the figure are numbered, and 
both the external forces and the forces acting 



Fig 3 Elevation of truss with corresponding stress 
dia,gram 


along the members between these compart- 
ments arc rejirescntcd, both in magnitude and 
direction, by the lines joining the correspond- 
ing numbers in the stress diagram. For ex- 
ample, the compressive force in the strut BF 
is represented by the line 8-9, while the ten- 
sion in the vertical rod CF is given by 9-10. 
The closed figure 5-4-10-0-5 in the siress dia- 
gram indicates the equilihrium of the forces 
acting at the joint C. This method of analysis 
is attrihuted to Maxwell. 

In the graphical solution of some typos of 
trusses it is found on reacliing a particular 
joint that the arrangement of members is such 
(hat there are more than two unknowns. It 
is then necessary to replace the unknowns by 
a substitute system Avliich reduces the number 
of uhknow’-ns at the joint to two. The substi- 
tute system consists of a single ruember in- 
serted in sucli a way tliat (he truss remains 
stable and detemunale This member is 
called a substitute, ficlitious or jiliantoin mem- 
ber. When the solution reaches a joint where 
the stress in th(‘ m(‘nih('rs is unaff(‘cted by the 
substitution, the substitute aiTang('ment is re- 
placed i)y tlie oiiginal arrangement. The 
graphic procedure is reversed in direction to 
find th(‘ stress in the original members. 

GRASHOF NUMBER. A non-dimensional 
])arameter appc'aring in the tlieory of flows 
caused by free con\ection It is 

nf)g(F 


where 0 is (he temperature difference produc- 
ing the eorn'(*ction, a is the cocffieient of ther- 
mal expansion of the fluid, d is tlie length 
scale ol die system, v is tl.e kinematic viscos- 
ity Fhnvs without large density changes 
caused by the temperature differences are 
dynamically similar if the Grashof and 
Prandtl numbers are equal. 

GRASS. The iiattem on the cathode-ray-tube 
display of a radar or similar system, which is 
jirodueed by the random noise output of the 
receiver. 

GRATICULE. A reticle composed of lines 
ruled on a transparent plate, instead of the 
usual fine threads or wires. 

GRATING. Any frame-work or lattice-work, 
consisting of a regular arrangement of bars, 
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rods, or other long, narrow objects with inter- 
stices between tlicm. A diffraction grating 
consists of rulings upon the surface of a light- 
transmitting or light-reflecting substance; it 
is used for the production of spectra. 

GRATING, CONCAVE. See concave grat- 
ing. 

GRATING, REFLECTION. See reflection 
grating. 

GRATING REFLECTOR. See reflector, 
grating. 

GRATING, REPLICA. See replica grating. 

GRATING, ULTRASONIC SPACE. See 
ultrasonic space grating. 

GRAVITATION CONSTANT. See gravita- 
tion, Newton law of universal. 

GRAVITATION, EINSTEIN LAW OF. Sec 
Einstein law of gravitation. 

GRAVITATION, NEWTON LAW OF UNI- 
VERSAL. Every particle of mailer in the 
universe attracts every other particle with a 
force directed along the line joining the par- 
ticles, directly j)ropc)rtional to the })roduct of 
the masses and inversely proportional to the 
scjuarc of their distance apart. The coefficient 
of proportionality, called the gravitation con- 
stant and denoted by G, has a value 
6.670 X 10“® ri- 0 005 dyne 

GRAVITATION, NORDSTROM THEORY 
OF. Sec Nordstrom theory of gravitation. 

GRAVITATION, THEORY OF. See relativ- 
ity theory, general; Whitehead theory; Nord- 
strom theory; Newton theory of gravitation. 

GRAVITATION, WHITEHEAD THEORY 
OF. See Whitehead theory of gravitation. 

GRAVITATIONAL FIELD. A region in 
which a particle is subject to n gravitational 
force. The magnitude of the field is the force 
per unit mass. (See gravitation, Newton law 
of universal.) 

GRAVITATIONAL MASS. Mass of an ob- 
ject, regarded as the venerator of a gravita- 
tional field. On the Newtonian theory, the 


gravitational potential due to a particle of 
gravitational mass 7n is —Gm/r at a point 
distant r from the particle. The equality of 
gravitational mass and inertial mass is a con- 
sequence of the principle of equivalence. (Sec 
equivalence principle.) 

GRAVITATIONAL POTENTIAL. For a 

point in a gravitational field (see field, gravi- 
tational), the amount of work which must be 
done on a particle of unit mass to move it 
from the point to infinity. It becomes equal 
to the potential energy per unit mass at the 
point in (juestion if the potetttial energy is 
taken In lie equal to zero at infinity, which 
is usually the case. 

GRAVITATIONAL RADIUS. Tht> gravita- 
tional radius of a mass m i.s the length Gni/c^ 
((i is the gravitational constant, r, llic veloc- 
ity of light in vacuo). For the sun this is 
I 47 kin, for the earfh 5 mm. 

GRAVITY. See gravitation (Newton law of 
universal). 

GRAVITY CELL. See cell, gravity. 

GRAY BODY. A radiator wliose spectral 
einissivity remains conslant tliioiigli the sjiec- 
truiii, being in a constant ratio, less than 
unity, to that of a complete radiator (black 
body) at the same temperature. 

GRAY FILTER. See neutral-density filter. 

GRAY SCALE. A hcnies of achromatic tones 
ranging from black to white. A gray scale 
may be divided into three or more stejis but 
10 is a common number of divisions. A gray 
scale is sometimes included with the subject 
when making a color photograph so that 
measurements of its densities on the separation 
negatives or tripack will give the density 
range of that stage in the reproduction. A 
gray scale is helpful in controlling the process- 
ing stages in the analysis and synthesis of a 
color photograph. 

GREEN FORMULA. When the Lagrange 
identity is integrated between the limits (a,b), 
the result is Green’s formula 

r {vHu) — uZ{v)\dx « [P(w,t;)]a^ 
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If the pair of adjoint equations is of order n, 
the rip;ht-hand side of the formula is a bi- 
linear form in tlie 27i quantities 

M(a), u'(a), ■ • 

u(b),u'{b), 

v{a), v'{a), • • - , 

v(b),v'(h), ■••,?/’■-*)(<>)• 

GREEN FUNCTION. A .symmetric kernel 
G{XjZ) used to eonvui't a Sturin-I donvillc 
equation and its boundary conditions into an 
integral equation. It is di^fined to have the 
proper! ies: (J ) it is eontinuoiis ov(t the range 
a X b and has (‘ontinuous derivatives of 
orders up to (// - 2), 'where is tlie order of 
ihe (lihiMTntial (‘({nation; (2) its <U‘rivativ(' of 
order (« - 1) is dis(*ontinuous at a {loint 
witliiii the rang(' inj)) ; (3) it satisfies tlie dif- 
ferential diuatjon e\ (‘lywlierc (‘xcejit at x - z, 

GREEN THEOREM. If F, (i aiv scalar 
Innctions and (lu‘ V(‘(*(oi’ V F\'(t, the 
Gauss theorem in vector form gives 


r VA^VGVr -f- r FT"(hlT 

./r 



Fvt;-(/s, 


wliere tlu' inlt^grah on tlu' led are taken ovei 
a volume t and that on the right over the 
surfac(‘ or siirfac('s (mclo^ing ih(' volume 
Oil exchanging F and G and siilit racting the 
result from this equation, the Green theorem 
results 




These relations are also sometimes known as 

Gauss’ theorem or the divergence theorem. 


GREGORIAN TELESCOPE. A reflecting 
telescope with a concave secondary mirror 
which reflects the light through an opening in 
the primary mirror, and forms a real image 
behind the primary mirror. (See Casse- 
grainian telescope.) 

GREGORY FORMULA. For numerical 
evaluation of an integral. It is obtained from 
the Newton formula for interpolation and 
may be written 


X 


b 

f{x)dx 


= h 


2 + .Vl + ?/2 H 1- Vn-l + — \ 

h 

- — - A^o) 

- -j (A^//«_2 + A^r/o) 


]0/( „ 


----(aV„-4 + aVo) - •••, 

where h is th(‘ interval between equally- 
sjiaeed \ aim's of the mru pendent variable x 
and the (juaniities are finite differences, 

(iregory’s formula is e({ui\alent to the trape- 
zoidal rule, with coirection terms in these dif- 
ferences. 


GREGORY-NEWTON FORMULA FOR IN- 
TERPOLATION, Sei' tile Newton formula 
for interpolation, 

GRID, An electrode having one or more 
ojKMiings tor the passag(‘ of cli'ctrons or ions. 
As Used in electron tubes, the grid acts pri- 
marily to (’xerciso c(jntrol (by a voltage im- 
picssed on it) on (he passage of electrons 
across the tulie-sjiace, without collecting more 
of them than are necessary The screen grid 
ih an additional, open-type element inserted 
betwTcn tlu* control grid and tlie anode to re- 
duce the intcndectrode capacitance between 
them The sujipressnr giid is inserted be- 
twTen the screen and anode to reduc(‘ second- 
ary (‘mission. In many gas-filled tubes, and 
in the cathode-ray tube, the grid is a solid 
cai)-like (‘hMYiimt with a single hole for the 
passage of the electrons. 

GRID BASE. The region of grid voltage be- 
tween that which causes {date-current cutoff 
and that which causes grid current flow (posi- 
tive grid region). 

GRID BIAS. See bias. 


GRID BIAS, AUTOMATIC. Grid-bias volt- 
age provided by tlie difference of potential 
across resistance (s) in the grid or cathoda 
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circuit by grid or cathode current or both. 
(See bias.) 

GRID-BIAS CELL. Sec bias cell. 

GRID BIAS, DIRECT. The direct compo- 
nent of grid voltage. This is commonly 
called grid bias. 

GRID-BIAS, SELF. Sec grid bias, automatic. 

GRID CHARACTERISTIC. See electrode 
characteristic. 

GRID, CONTROL. A grid, ordinarily placed 
between the ciithode and an anode, for use as 

a control electrode. 

GRID - CONTROLLED MERCURY - ARC 
RECTIFIER. See rectifier, grid-controlled 
mercury-arc. 

GRID CURRENT. See* electrode current. 

GRID CURRENT, CRITICAL. Tn a gas 
tube, the instantaneous valu(‘ of grid current 
when the anode euirent starts to flow. 

GRID-DIP OSCTLIATOR. A vacuiini-tube 

oscillator used for test purposes which em- 
ploys a s(‘nsitivo meter to r(‘ad the average 
value of grid current. When a circuit having 
the same n‘snnancc fr(*(]ueney as the fre(]uency 
of the oscillator is cou])led to tlu' oscillator 
tank-cirenit. apprcauahle energ\" is coupled 
into the external eii’euit, the amf)litud(’ of os- 
cillation decreases, and the grid eurrent de- 
creases thus giving the instrument its name. 

GRID-DRIVE CHARACTERISTIC. A rela- 
tion, usually shovMi by a giaph, betwecni elec- 
trical or light output and control-electrode 
voltage iniaisiired from cutoff. 

GRID DRIVING PO\VER. The average 

product of the in^tantanc'ous a\'i1ucs of the 
grid current and of tlu’ alternating compo- 
nent of the grid voltage over a coiujilete cycle. 
This C()m])rises the power supjilied to the bias- 
ing device and to the grid. 

GRID EMISSION, SECONDARY. Electron 
emi&Mon from a grid, resulting directly from 
bombardment of its burfacc* by electrons or 
other charged paidicles. 

GRID EMISSION, THERMIONIC (PRI- 
MARY GRID EMISSION). Current pro- 
duced by electrons tliermionically emitted 
from a grid. 


GRID-GLO^V TUBE. A cold-cathode, glow- 
discharge (l(*vice with at least one ‘'grid” or 
starting electrode for initiating conduction 
between anode and cathode. 

GRID LEAK. The resistance in the grid 
circuit of a vacuum tube. (Sec tube, vacuum.) 

GRID-LEAK DETECTOR. See detector, 
balanced. 

GRID MODULATION. See modulation, 
grid. 

GRID POOL TANK. A grid-controlled, 
mercury -])ooI rectifier. Examples are the 
excitron and some* form^^ of the ignitron. 

GRID PUI.se MODULATION. See modu- 
lation, grid pulse. 

GRID-SEPARATION CIRCUIT. In light- 
house tube oscillator and amjilifier circuits, 
an arrangc'inent whereby the input and out- 
jnil eavitn's are sr})ara1i‘d by the grid and the 
position of the resonators in contact with tlu' 
grid-di^k. The Iovn -frequency, lumf)e(l-]\a- 
rameler e(]ni\al('nt of this (‘ireiiit would be* 
tlu‘ gronnded-grid eirenit. 

GRID, SPACE-CHARGE. A grid, usually 
|)osiiive, that controls th(‘ ])()sition, area, and 
magmtn(l(‘ of a ])ot(‘ntial minimum or of a 
virtual cathode in a region adjjua'nt to the 
grid. 

GRID, SUPPRESSOR. A grid that is inter- 
])osed be(\\e(*n two positive elect I'odes (umi- 
ally the screen-grid and the plate), primarily 
to reduce tlie flow of secondary electrons from 
one electrode to the other. 

GRID VOLTAGE. Sec electrode voltage. 

GRID VOLTAGE, CRITICAL. In a gas 
tube, the instantaneous value of grid voltage 
(defiiK'd under electrode voltage) at which 
the anode current starts to flow. 

GRIEBE AND SCHIEBE METHOD. A 

method for observing the piezoelectric eharac- 
terislies of small crystals In this ]irocedure 
a numher of grains of the substance are in- 
serted between two electrodes wdiieh arc 
placed acro.ss the resonant circuit of an os- 
cillator. The frequency of the oscillator is 
changed by changing the resonant circuit and, 
if a resonance of one of the piezoelectric crys- 
tals occurs near the oscillator frequency, the 
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frequency of the oscillator will l)riefly be con- 
trolled by the crystal resonance. As the reso- 
nant circuit is tuned further, the natural fre- 
quency of the oscillator becomes far enough 
away from the crystal resonance so that it 
cannot control the oscillator frequency, and 
a jump occurs from tlie crystal frecpiency to 
a different frequency controlled by the oscil- 
lator constants. This jump in frequency is 
accompanied by a change in the i)late cur- 
rent, so that if a pair of hea(l])houes or a 
loiulspeaker is attachi'd to the plate-circuit 
of the oscillator, a click is heard. 

GRIFFITHS METHOD FOR MECHANI- 
CAL EQUIVALENT OF HEAT. An elec- 
trical method m whi(‘h tin' ri'^e in tem]UM'ature 
of a known ma^s of water is compared \\ith a 
measurement of electrical energy n<‘ce-^sary to 
I'ffect this ri'-e, which is based on d(‘termina- 
lioiis of ek'ctromotivc force, resistance and 
tina*. 

GROOVE SPEED, CONSTANT. A phono- 
graph reeoi'ding systfuii in which (he linear 
speed of the groove w'ith re^j)ec( to (he stylus 
is constant regardh'ss of tlie aroo^(' diameter. 
Employed in embossed recordings. 

CROTTHUSS-DRAPER, LAW OF. Only 
those radiations whicli are ab'^orhed by the 
leacting system are effective in inrhicing chem- 
ical (‘haiige. 

GROUND. An electrical conductor con- 
nec((‘d to earth, or a large conductor whose 
potential is taken as zvyo (e.g , the ste('l frame 
of a car). A ground may be an undesirable, 
inadvertent, or accidental path taken by an 
electrical current; or it may be the deliberate 
provision of conductors w(‘ll conneeted to tlie 
ground by means of plates buried therein, or 
similar device. 

GROUND-CONTROLLED APPROACH. A 

method of landing ain’raft in poor visibility 
by directing the operation wdth the aid of a 
ground radar station. 

GROUND EQUALIZER INDUCTORS. 

Uoils of relatively low inductance, placed in 
the circuit connected to one or more of the 
grounding points of an antenna to distribute 
the current to the various points in any de- 
sired manner. 

GROUND NOISE. See noise, ground. 


GROUND-PLANE ANTENNA. See an- 
tenna, counterpoise. 

GROUND-REFLECTED WAVE. See wave, 
ground-reflected. 

GROUND STATE. The state of a quantized 
system, eg, a nucleus, atom or molecule, 
wliich is that of lowest energ 3 ^ 

GROUND SYSTEM OF ANTENNA. See 
antenna, ground system of. 

GROUND WAVE. (1) Jn general, a surface 
wave (.^ee wave, surface). (2) The energy 
w'hicli rea(‘hes llu' radio receiving antenna 
from the transmitter hv tra\(‘l along ihe sur- 
face; of the earth rather than by reflection 
from Ihe ionosphere. The gi’oiind wa\e is un- 
affected by s(“tM)nal or diurnal variations and 
is c()nM‘((ucntly \e!y reliable for communica- 
tion. Tlo\\(‘\(‘r, it i^ attenuated by ab^'Orp- 
tion of the eaitli arul gradually becomes too 
w'oak to furnish a n^halile signal. This at- 
tenuation d(‘])en(K m a comj>lical(‘d w'ay upon 
the freeiucncv. tho soil conductivity and di- 
el(*ctnc constant, hut increases mark(‘dly with 
fn‘(|uency. Tliu>, while it is suitahl(‘ for com- 
munication o\cr scAcral thousand miles at the 
lower radio fre(iii(‘iicies, ()\(‘r a hundred or two 
in tlie broadcast hand, it becomes almost use- 
less at the high frequcaicies See fading for 
its effect on the total iLceived sijrnr^p 

GROUNDED-CATHODE AMPLIFIER. See 
amplifier, grounded-cathode. 

GROUNDED-GRTD AMPLIFEKR. See am- 
plifier, grounded-grid. 

GROUNDED-PLATE AMPLIFIER (GATH- 
ODE FOLLOWER). See amplifier, ground- 
ed-plate (cathode follower). 

GROUP. A s( t of eleUKUits satisfying the 
following conditions: (1) There is a defined 
operation by wdiich to each ordered pair of 
elements A and B in the group G there is as- 
sociated an (‘h*meij| C of f/, denoted by C — 
AB and called the ])roduct of A and B. (2) 
For this operation the associative law holds: 
(AB)G - A{BC} - ABC for any three ele- 
ments Aj B, C of G. (3) There exEts: (a) a 
unit element E in G such that EA = A for 
every element A of G, and (b) to each cle- 
ment A of G there exists a reciprocal (or in- 
verse) element A of G such that A“M = E. 
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Groups which have special properties are 
often given special names; see Abelian group 
and some of the following entries. 

GROUP, ALTERNATING. A group which 
contains the even permutations of n objects; 
its order is n!/2; and it is a subgroup of the 
symmetric group of order n\. 

GROUP, CONTINUOUS. A group with a 
non-denumerable infinity of elements. An 
infinite group who&e ('lerncmts are denumer- 
able is a discrete group. 

GROUP, CYCLIC. An Abelian group fonned 
from a single (‘lenumt A and its integral ])ow- 
ers: A, A-, • • •, A” \ A” — Ej where E 

is the unit element. 

GROUP-DIFFUSION METHOD. A theo- 
retical treatment of nuclear reactors in which 
it is postulated that the energy of the neu- 
trons, from the source energy (fj.ssioii) to 
thermal energy, can be di\idcd into a finite 
set of eru'rgy intervals, or groui)s. Within 
each group the neutrons are assumed to dif- 
fuse without energy loss until they have suf- 
fered the average number of collisions re- 
quired to decrease' their energy to that of the 
next lower group. 

GROUP, DIHEDRAL, The group consist- 
ing of the elenii'iits C" — S, = Ey SC - 
r ' bS, designated by D„ and of order 2;n 
Con.^ider a regular polygon in the A^V-plane 
with coordinates of tlie n corners x,, — r cos 
27rA*/7?, Vk — T sin 2Trk/n, k = 0, 1, 

(n —1). The proper rotations of this object 
through 2Tr/7i, indicated by and the im- 

proper rotations, N(r^), ^^]nch transform the 
polygon into itself constitute D,^. 

GROUP, DISCRETE. 8ee group, continu- 
ous. 

GROUP DISPLACEMENT LAW. See ra- 
dioactive displacement, law of. 

GROUP, FACTOR. See group, quotient. 

GROUP, FINITE. A group containing a 
finite number of elements n. Its order is 
therefore also n. 

GROUP, FULL LINEAR. e collection of 
all non-singular matiices of order n, with 
matrix multiplication as the law of combina- 
tion. Its order is infinite since its elements 


are the infinite number of linear transforma- 
tions of one vector into another. 

GROUP, INFINITE. Containing an infinite 
number of elements. (See group, continu- 
ous.) 

GROUP MODULATION. In telephone car- 
rier circuits and in radio links of leleidionc 
circuits, the treatment of several carrier 
channels as a single group and the modula- 
tion of the whole upon a lu'w carrier. In the 
n'ception of such a s>>tein, of course, the re- 
ceived signal mu^t fiivt be demodulated into 
the various eliannels, and then in another step 
each ehann('l must be demodulated to obtain 
the original voice eurronts. 

GROUP, ORTHOGONAL. A subgroup of 
the unitary group, its elements are all real 
w-diiiK'iisional s(|uar(' unitary matrices. The 
determinant of matrices is _i I ; if -} 1, 

they are projxT orthogonal matricc's, if --1, 
improper orthogonal niatric'cs. The subgroup 
of the orthogonal group eontaiuirig only 
pro])('r orthogonal matrices is tlie rotation 
group of order /?. If n = 3, the j)roi)er or- 
thogonal matrices eorres})on(l to rotations 
a})Out an axis j)assing through the origin, 
wink' tlie im])ro])er matric(‘s eorn'^pond to 
sucli rotations, followed by refie(‘tion^ in a 
plane peri)endicuhir to tlu' axis of rotation. 
Th^*'^e conc(‘pti()n^ may he generalized for 
//-dmn'ii.Niuns and six‘cializ(‘d for two dimen- 
sions. 

GROUP, PERMUTATION. Its ek luents are 
the various permutations or rearrangements 
of a standard arrangeiiH'iit of symbols nr ob- 
jects, A typical clement is 

.s’a • • • %\ 

12 tL / 

meaning that the operation S reifiaces 1 by 
si, 2 by .So, etc. (See group, alternating; 
group, symmetric.) 

GROUP, QUOTIENT. Suppose H is an in- 
variant subgroup of a group G and that IIXj 
IIYy • • • are its cosets. The quotient (or fac- 
tor) group, frequently designated by G/IIy is 
isomorphous with G. Its unit element is H 
and its remaining elements are the cosets. 

GROUP, ROTATION. Sec group, orthog- 
onal. 
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GROUP, SYMMETRIC. The group of all 
permutations of n letters or objects. Its order 
is n\. 

GROUP THEORY. Study of the algebra 

and other mathematical properties of groups. 

GROUP, UNITARY. A subgroup of the full 
linear group, it contains all 7z-diincnsional 
square unitary matrices. 

GROUP VELOCITY. (1) The velocity of 
])ropagation of the crest of a grou]) of inter- 
fering waves where tlie component wave 
trains have sliglitly different individual fre- 
quencies and jiha^^e velocities. In a dispersive 
medium in which, the phase velocity V is a 
function (if the fre(iiiency /, tlie group veloc- 
ity U has the form 



where To is the moan phase velocity of the 
compoiU'Tit Avave trains, /o the average fre- 

/(IV\ 

(luency in the gnaip and ( 1 is the value of 

^ / u 

Ihe (leri\ati\(‘ lakeii a( (he averagt' fn'ciuenc}^ 
{2) The lnht]tut(‘ of Radio Engitu'crs defi- 
nition of group velocity is as follows: Of a 
travelling j)lane w’ave, the v(‘locily of j>ropa- 
gatiou of th(' (‘iivelojx' of a wave occupying a 
li('(]uency l)an(l ov('r which the envelojie de- 
lay is ajiproxiinately constant. It is ecpial to 
the reciiirocal of the rat(' of change of phase 
constant with angular frequency, tiroup ve- 
locity differs from ])liase velocity in a me- 
dium in w'hicii tlu* phase velocity varies with 
frecpiency. 

GROWTH CURVE. (1) An activity curve 

in w’hich the activity incrc.ases with time, or 
that portion of an activity curve showing such 
an incri'ase. (2) A theoretical or experi- 
iiumtal curve showing, as a function of time, 
tlie number of atoms, nr the mass, or the ac- 
tivity of a nuclide being produced in a radio- 
active transformation or in an induced nu- 
clear reaction. 

GROWTH SPIRAL. A structure observed 
on the surfaces of crystals, after growtli. In 
its ideal form, it consists (^f a growth step 
winding in an Archimedean spiral (r — aO) 
from the center downwards and outw^ards to 
the edge of the crystal, and is evidence of the 


growth of the surface about a screw disloca- 
tion. In some cases the sf)iral may be dis- 




Sl(7) formation during (*r>'t>tal growth (after F. C. 
Fnuik) 

toiied so that the step follow^s ccjlain pre- 
ferred crystal lograpliic directions, w;ith sharp 
corners, (‘sjx^cially after very rapid grow'th. 
(See figure.) 


GROWTH STEP. A ledge, one or more lat- 
tice ^pacings high, on the surface of a crystal, 
when' crystal growth m.ay lake place. In 
grow'ing, the ledge moves over the surface, 
leaving a luwv layer of atoms beliind it. 


GRUNEISEN CONSTANT (OR GRUNEI- 
SEN GAMMA). The constant y occurring 
in the relalion (‘omiecting the linear expansion 
coefhcienl /:? with (he compr(\ssibility K and 
the specific heat Cv, i o., 

^ - AVV/3r 

wh(^re V is the volume. This relation is reason- 
ably w(dl satisfied for cubic* crystals. Accord- 
ing fo the theory by wdiich it is deduced, 

V 

^ H dv' 

where is tlic Debye temperature. 


GRUNEISEN FORMULA. An empirieal 
formula for tlio variation of the electrical re- 
sistivity of a very i)ure metal with tempera- 
ture, of the form 


where 


G{x) - r- 


p oc T(;{h)/T) 


^ r - 

Jo (f* - 


1)(1 - e—) 


There is good tiieorctical justification for a 
fonnula of this type, but the parameter ® 
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should not be taken literally us a measure of 

the Debye temperature. 

GUARD BAND. A narrow hand of unas- 
signed frequencies between assigned channels 
designed to prevent interferc'nce bedween sta- 
tions occupying llu‘se channels In television 
broadcasting, for example, tlie band is 0.25 
megacycles in most instances. 

GUIDED WAVE. See wave, guided. 

GUSETRON. vSaine as gaiisitron. 

GUSTS. Transient but rapid thiciiiafions of 
wind velocity, (nists are tlie result of turbu- 
lent air flow, (lusty winds usually vary 
radically in din'd ion. 

GYRATOR CIRCUIT. S('e circuit, gyrator. 

GYROCOMPASS. Any compa.ss wluch d(‘- 
])('nds for its action on (lie conservation of the 
angular momentum of a sjunning body. (See 
gyroscope.) In tlie usual gyrocoiiqiass, a 
molor-driven wheel is mounted on an axis in 
giirihaltf. The combineil use of fiiction and 
of a gravitational restoring torque insure that 
the e(]uilibrium position of <he axis of rota- 
tion is along the north-south horizontal line, 
so the gyroconqiass indicates true north re- 
gardlesvs of the oriental ion in which it is 
started. 

GYROMAGNETIC EFFECT. AVlu n a sub- 
slance is magnetized, it acquires a certain 
amount of angular moni(‘ntuin. IlecaiiNO the 
magnetic moment of each eledron is asso- 
ciated \vith its spin or orbital angular momen- 
tum, changing tlie total magnetic moment 
recpiires a change in the total angular mo- 
mentum. The effect is small, but can be 
mea.sured for ferromagnetic substances, either 
by tlie Barnet or Einstcin-dc Haas method. 
(Also see discussion of magnetostriction.) 

GYROMAGNETIC RATIO. (1) Tlie ratio 
of the magnetic moment of a system to its 


angular momentum. (See gyromagnetic 
ratio, nuclear.) (2) The ratio of moment 
of momentum to magnetic moment. An elec- 
tron traveling around a circular orbit / times 
per second generates a magnetic moment equal 
to the product of the orbit area and the equiv- 
al(*nt current: 

Wo = c/7rr^/r. 

SiiK'c (he charge is negative, the meehanienl 
momentum is in the opposite diredion nnd 
lia.-. the magnitude 

Jo =■ 2Tfrnr^^ 

yi(‘lding tli(‘ gyromagnetic ratio, for orbital 
motion 

Jo 2mc 

go — — — 

Wo e 

The fa(‘tor r disappears throughout when mksa 
units are used. Kor an eledron spinning about 
iis own c(‘n1er. tlie (jiiantum-tbeory valui's of 
magnetic and mechanical moment urn yield 

?/ir 

Qs = hgo = 

e 

GYROMAGNETIC RATIO, NUCLEAR. The 

lalio of the magiK'tic moment of the nucleus, 
fj, to the nuch'ar angular monu'ntum quantum 
number, L (See nuclear magnetic resonance. ) 

GYROSCOPE. A heavy ^ymmetiical di^k 
free to rotate about an axi^ winch it'^c'li 
eoiifiiud within a framework such (hat it is 
tree to take any orientation in '>pace. If the 
(li^'k IS s(‘t s])inning, the direction of its axis 
of rotation will remain fixi'd in sjiace no mat- 
ter w’liat motion the outer franu'work un- 
dergoes. Gyroscopes are u.'>ed to jirovide fixed 
reference diiections for such instruments as 
tlie gyrocompass on ships, the similar gyro- 
steenng mecliani»«-m in a torpedo and the 
orientation indicators of an aircraft. 
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H. (1) Planck constant (h). (2) Dirac h 

(fi). (3) The ^auss (H). (4) Maj^netic in- 

tensity, magnetic force, or magnetizing force 
(H). (5) The henry or Henry law constant 

{H). (6) Height, depth or thickness (/O. 

(7) Hour (/t). Hamiltonian function or 

operator (//). Perturbing Ilarnillonian func- 
tion or operator (ac). (9) Heat of phase 

change, total (A//), per atom or nudecule 
(A/i or A/t,„), ])er mole (A//, A//jf or A/<), per 
unit mass (A/?). (lOj Enthalpy, total (//), 
])er atom or molecule (h or per mole 

ih, II or h„t), per unit mass (h). (11) Boltz- 
mann function (H). (12) Humidity (IT). 

tl3) Degree of electrolysis or hydrolysis (/?). 
(11) Miller index (/i, k, /). (15) Hydrogen 

(11). (16) Hadius of lens zone ih). tI7) 

Altitude (//). (IS) Hydrodynamic head (//) 
(19) Padiant flux density (//). (20) In 

‘'p('ctros(*opy, hazy, difTuse or nebulous (//), 
very hazy, diiTusc* or lu'bulous (//), (21) 

Nu(‘lear-s]un hyjx'rfiiK' structure (/?/s) (22) 

Type of electron with an azimuthal (luantuiu 
number of 5 (h). (23) Sj)('ctral t(U’m-'-’ymbol 

for /.-value of 5 (//). (24) ( hreuit -diagram 

symbol for heater-connection on vacuum 
tubes. 

II AND D CURVE (HURTER AND DRIF- 
FIELD CURVE). A characteristic curve of 
a photographic (Muulsion which i‘«! a jdot of 
density against the logarithm of exposure. It 
is used for the control of jihotograidiic pn)C(‘'-s- 
mg, and for (hTining tlie re^pon^e cliaracter- 
istics to light of photographic emuKions. (See 
gamma.) 

/i-BAR OR Tu Symbol for Dii'ac-/?, (he* uni- 
versal constant h/2rrj where h is the Planek 
constant. 

H-LINES. A contour along which the electro- 
magnetic field strength is constant with re- 
spect to some reference plane. 

H NETWORK. See network, H. 

h-PARAMETER. See transistor, parameters, 

^iij h\2^ ^21 flnd Ii22» 


H-PLANE BEND. For a rectangular unicon- 
duclor waveguide opt'rating in a dominant 
mode, a bend in which the longitudinal axis 
of (lie guide remain^ m a ])Iane paralli*! to 
tlie plaiK* of tlu* maguetic field vector through- 
out the l)(*nd. 

H-PLANE TEE JUNCTION. See junction, 
H-pIane tee. 

H SECTION. In many circuits, particularly 
in the tel(']>hone field, it is ncec'^sary to liavc* 
both si(|(‘s of a circuit halauced to ground to 
reduce tlu* (‘ffect of interfi'ring influences (see 
iiidiicli\e interference) Tliis is aceomplislied 
by diNiduig au\ impedance into two 

— ■ AAAA/ ^ VWSr— — — 

f 

■ ■ VWv ' WW 

II tocilion 

(•(jual ])arls and iiisi'rting one in eacli line, 
ratlu'r than putting the total amount in one 
line. (S(*e figure.) (See also network, H.) 

//-THEOREM. Tlu* entropy of a sy.stem al- 
w\ays ineiTases, ns eoneludi‘d by Bolizmann 
from hi^ eahailal ions of (be kin(*ties of it leal 
gasc.'^. Boltzmann defined a function IT by 
the ecjual ion : 

H - r/r 

w'here i.s the number of molecules, / is the 
distribution function for all the molecules, 
7], and f are components of the molecular 
velocity, and T" is the volume. Ho demon- 
strated that II is a (piantity wd'ii( h decreases 
in all possible jirocesses involving deviations 
from the equilibrium vahu* of /, and is there- 
fore analogous to negative entropy. 

H WAVE. A transverse electric w^ave. (See 
wave, transverse, electric.) 
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HAFNIUM. Metallic element. Symbol Hf. 
Atomic number 72. 

HAIDINGER FRINGES. Interference fringes 
seen with thick, flat plates near normal in- 
eidence. The fringes of the Fabry-Perot inter- 
ferometer are of this tyi)c. They are also 
known as constant angle or constant deviation 
fringes. 

HAIL. Stones of ice ranging from about Yi 
in diameter to as much as 4 or 5". Hail stones 
are often transparent, but more freciuently 
translucent, being formed of alternate layers 
of clear and opaque ice. Hail usually falls 
from thunderstorms. 


HALF-CELL. An electrochemical system 
consisting of a single electrode and an elec- 
trolytic solution, with usually a (reversible) 
ionization process in progress between elec- 
trode and electrolyte. 

HALF-LIFE. Tlie time required for disinte- 
gration of one-half the atoms of a sample of 
a radioactive substance. Its relation to the 

disintegration constant and the mean life is 

as follows: 

In 2 0.69.3 

== O.Ofl.Sr 

X X 

wliere fwj is Ihe half-life, X is tlie disintegration 
constant and r is the mean life. 


HAIL (SMALId- Small ice j)ariic]es consist- 
ing of a nucleus of soft hail with a shell of 
ice about it. They do not rebound when strik- 
ing a liard siirfaee, are not conq)ressible or 
crisp. Usiially small hail is wcl, and falls at 
n temperature near or slightly above 32°F. 

HAIR TUNING BAR. A liairpin-shap(‘d 
metal bar used to vary the electrical length 
of a dii)ole antemna (sec antenna, dipole) 
without changing the position of tlio ehanents. 
Tlie bar serves as a variable' electrical- 
strength, interconncctor bar for the elements. 

HALATION. See discussion of antihalation 
backing. 

HALF-ADDER. A circuit having two input 
and two output channels for binary signals 
(0,1) and in which the output signals are re- 
lated to the iiqiut signals according to the 
following table: 

Input to Output from 


A SC 


0 0 0 0 
0 1 10 
10 10 
11 0 1 



Half-adder 


(This circuit is called a half-adder because 
two such circuits form one adder.) 


HALF-LIFE, BIOLOGICAT.. The time in 
wliicli a living tissue, organ or individual 
eliininab's, tlimugh biological processes, oik’- 
half of a given amount of a sub'll ance, oft(n a 
radioactive substance*, which lias bctii inlro- 
rluced into it. 

HALF-LIFE, EFFECTIVE. Half-life of a 
radioactive isolojH’ in a }>iologi(‘al organism, 
resulting from the coml/mation of radioactive • 
d('cay and iiiological elimination. 

blffective half-life 

Hiological half-life X Hadioaclix e half-life 

Biological half-life + Radioactive liiilf-hfc 

HALF-POWER WIDTH OF A RADIATION- 
LOBE. In a ])lane containing the direction 
of the maximum of tlie lobe, the full angle 
b(‘tween thi* I wo directions in that plane about 
the maxiiuuni in v\lii(*h llu radiation iiiU'iisity 
is one-half the maximum value of the lobe. 

HALF-SHADE PLATE. A semicircular, 
half-wave plate (sec elliplically-polarizcd 
light j of quartz set bel.wTen tlic polarizer and 
analyzer and clos(' to the former. T^seful in 
making precision settings with a ])olarisco|)e. 
(See also prism, Cornu-Jellet.) 

HALF SILVERED. A surface coated with a 
metallic film of such thickness that it trans- 
mits approximately half of the light falling on 
it at normal incidenec and reflects approxi- 
mately lialf is said to be half silvered. 

HALF-STEP. See tone, semi-. 

HALF-THICKNESS. The thickness of a par- 
ticular absorber that will reduce the intensity 
of a beam of radiation to one-half its initial 
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Half-value Period — Hamilton Principle 


value. If the absorption is exponential, the 
half-thickness is related to the linear or mass 
absorption coefficient and the mean free path 
as follows: 


where is the half-i hickness, /x is the absorp- 
tion coefficient and I is the mean free path. 


the velocity of light. The observed result 
tliat for some metals the carriers would seem 
to hiuvv positive charges is cxi)lainod by the 
band theory of solids. In a nearly filled band 
the wave functions of the electrons near the 
toj) of the banrl arc so modified that it is the 
holes in the band that behave like particles. 
Since a hole represents the absence of nega- 
tive charge, it behaves as if positively charged. 


HALF-VALUE PERIOD. See decay coeffi- 
cient. 

HALF-WAVE PLATE. See elliptically- 
polarized light. 

HALF-WAVE RECTIFIER. See rectifier, 
half-wave. 

HALFWIDTH. If - f{x) is a function 
such that it has a maximum //,„ at x,n and falls 
ofl rajiidly on each side of this maximum, the 
halfwidth of the function is the difference 
.r- - :ri between tlu' two \'a]ues of x for which 
y ^ y„^/2] eg., tlio halfwidth of the error 
function integrand e is 1,67. 

HALFWIDTH OF A SPECTRAL LINE. 

The intensity wdtliin a spo(‘tral line may be 
evpnsssed a.s /(xj, w’here x is a measure of 
wavelength, frequency or wave number, and 
w'liere I(x)dx is a measure of the contribu- 
tion to the intensity bctw'coii .r and .r + dv 
Tlic halfwidth of the line ir. the halfwidth of 
the function I(x). 

HALL ANGLE. The ratio of tlic electric field 
Eyj developed across the current, to the field 
El, generating the current, in the magnetic 
field II zj as a result of the Hall effect. 

HALL COEFFICIENT. The measure of th(‘ 
Hall effect is 


HALL CONSTANT. See Hall coefficient. 

HALL EFFECT. The dovelotimont of a 
trans\crs(‘, electric potential-gradient in a 
eui rent-carrying conductor upon tlic apiilica- 
tion of a magnetic field. (Sec Hall coeffi- 
cient.) 

HALL MOBILITY. The mobility of electrons 
or holes in a semiconductor as measured by 
the Hall effect It is given by 

flu = cd/Hz 

wliore 0 is the Hall angle in the magnetic field 
7/^, and c is the velocity of light. 

HALLWACHS EFFECT. A name for the 
photoelectric effect whereby a negatively- 
charged bod> in a vacuum is discharged by 
irradiating i( with ultraviolet light. 

HALO. (1) A faint colored ring seen about 
a light source as viewed through light clouds 
or fog Tlio size of the ring de])ends on the 
size of the scattering particles. A halo is not 
a rainbow. (2) A ring surrounding a photo- 
graphic image of a bright sour(*e, due to light 
being scattered in any one of several possible 
waxys. 

HALOGEN. A member of the seventh group 
of elements i e., those lacking just one elec- 
ivon to make a closed outer shell. These ele- 
ments are fluorine, chlorine, bromine, iodine 
and astatine. 


where Ey is the electric field developed in tlie 
y direction wdien a current of current density 
flows in the x direction through a magnetic 
field lie in the z direction According to the 
free electron theory of metals, the Hall co- 
efficient should be given by 


1 



where N is the number of free electrons per 
unit volume, of charge e (in esu), and c is 


HAMILTON PRINCIPLE. A variation prin- 
ciple wdiich, in general form, states that the 
motion of a mechanical system can he ex- 
jiressed by the equation 

I (<5/v + • Sri)dt = 0 

I 1 

where dK is the variation in kinetic energy and 

n 

23 F„ 5r, is the virtual work done by all the 

t*sl 

impressed external forces. If the impressed 
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forces form a conservative system with poten- 
tial energy F, the principle takes the form 

r \{K - V)m = 0 

where K — V - L, tlic Lagrangian function. 
It should be einplia.-^izcd that the variations 
in all quantities uepresented by 8/v or 8/v, 
etc.) must vanish at the time inslmits and 
^ 2 , i.e., all varied paths implied in the prin- 
ciple must correspond to the same time in- 
terval. 

For a conservative system the f)rinciple 
may be stated: the time integral of the 
Lagrangian function has a stationary value 
for the actual path compared with alt other 
possible paths having the same end-])ointsuind 
performed in the same time. In most cases 
encountered in practice the stationary value 
is a minimum. 


HAMILTONIAN FUNCTION. (1) In clas- 
sical particle mechanics, a function of n gen- 
eralized coordinates q, and momenta p, com- 
monly symbolized ])y II aTid defined by: 

V 

// = 2 VAc - 

I 1 

where p, is the momentum of dh jiarticle, r/, is 
the first time derivative of /th generalized co- 
ordinate, L is a Lagrangian function. 

If the Lagniiigiau function docs not contain 
the time explicitly, II i^ ecpial to the total 
energy of system. 

II satisfies the canonical equation^ of motion 


clll Oil 

dp, dq^ 

(2) In quantum theory, an operator II 
which gives the ecpiation of motion for the 
wave function ij/ in the form: 





(See Lagrangian function; canonical equa- 
tions of motion.) 


HAMMER TRACKS. Tracks produced in 
nuclear emulsions which are attributed to the 
expulsion of a Li*^ nucleus 'roin a heavier 
nucleus as a result of cosmir ray bombard- 
ment. The Li® is radioactive and undergoes 
/3-decay with a half-liie of loss than a second 
to form Be®; tins is unstable and splits in- 


stantaneously into two a-particles which are 
expelled in opposite directions and at right 
angles to the Li® track, thus producing a 
hammer-like track. 

HANGOVER. (1) A fault condition in tele- 
vision and fasciinile picture reproduction, in 
which the signal does not decay as rapidly as 
dictated by the original signal. Caused by 
imi)roi)cr transient response, the effect is often 
called tailing. (2) The production of sound 
from an improiicrly-loadcd loudspeaker for a 
shor^ time after nanoval of the driving signal, 
and due to under-damped oscillations in the 
mechanical system. 

HANKEL FUNCTION. Also called Bessel 
functions of the third kind, the Hankel func- 
tions are of two kinds: 

//„<’> = M-sc - .7. „(x)]; 

/7„<2) = -, csc7(,r|r”"./„(x) - .7, „(a-)l 

wliere Jn (j’) is a Bessel function. Equivalent 
definitions arc JnU) -L iN„(x), 

where N,tix) is a Neumann function. If n 
is not an inti'ger or zm'O, a general solution 
of the Bessel differential equation is 

1/ - 

with A, B as the two inlegralion constants. 

HANKEL TRANSFORM. Provided certain 
conditions are satisfic'd, /(//) is the Hankel 
transform of Fix) and of order n: 

Ky) = f 

•li) 

Fix) = r Jnix!j)f{y)ydy 

where J„ is a Bessel function. 

HARCOURT LAMP. See lamp, Harcourt. 

HARDNESS. Tlie property of firmness or 
resistance posses.sed by solids and very viscous 
liquids. The degree of hardness of a sub- 
stance is shown by its resistance to cutting, 
scratching, or abrasion. Hardness also means 
the i)rcseiice in vvater of certain salts which 
form insoluble deposits in boilers, which form 
precipitates witli soap, and which have other 
objectionable effects. 

HARDNESS, BIERBAUM. The relative 
hardness of a micro-constituent of an alloy, 
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determined by an instrument called the Bicr- 
baura microcharacter. The method involves 
the measurement of the width of a scratch 
produced by a standard diamond point, under 
a standard pressure. 

HARDNESS, BRINNELL. A measure of the 
relative hardness of the surface of a substance, 
obtained by measuring the depth of indenta- 
tion of a standard steel ball at a standard 
pressure; and then computing the hardness by 
an exi)ression whereby the value obtained is 
directly proportional to the applied pressure, 
and inversely proportional to the depth of 
penetration. 

HARDNESS, ROCKWELL. A measure of 
relative hardness of the surface of a substance, 
based on the indentation made by a 

or standard steel ball, or a conical 
diamond with an apex angle of 120*^. The 
results are reported by using numbers to de- 
note the load in kilograms, and letters to de- 
note the ball or diamond ])roducing a given 
indentation. 

HARDNESS SCALE, MOH. A system in 
which all solid substances are classified in 
order of increasing hardness, so that the hard- 
ness of any j)articular substance may be (‘X- 
pressed by a number. The numbers were 
(‘stablished by assigning the integers from one 
to ten to arbitrarily chosen substances of in- 
cri'asing hardness, ranging from talc which 
was given the number one, to diamond which 
was given the miinbcM’ ten. This was the orig- 
inal Moh scale and is still generally used. In 
the new Moh scale, fifteen substances are 
Used, and diamond has the number fifteen. 
The hardness of any substances not on the 
scale is determined by the scratch test, i.e , l)y 
comparing its hardness with that of the vari- 
ous substances in the standard scale, utilizing 
the principle that the harder of the two sub- 
stances will scratch the softer one, and will 
not be scratched by it. When a substance is 
found to have hardness between two of the 
standard substances in (he scale, this fact is 
expressed by use of decimal notation. Thus, 
the mineral liaving hardness of 6.65 would be 
harder than feldspar 6, and softer than (piartz 
7. 

The original Moh^s scale assigned the in- 
tegral numbers as follows: 1 — Talc; 2 — Gyp- 
sum; 3 — Calcite; 4 — Fluorite; 5 — Apatite, 
6 — Orthoclase; 7 — Quartz; 8— Topaz; 9 — 


Corundum; 10— Diamond. In the new Moh^s 
scale the numbers above five have been re- 
assig;icd as follows: 6 — Orthoclase, Periclaso; 
7 — Vitreous Pure Silica; 8 — Quartz, Stellite; 
9 — Topaz; 10 — Carnet; 11 — Tantalum Car- 
bide, Fused Zirconia; 12— Tungsten Carbide, 
Fused Alumina; 13 — Silicon Carbide; 14 — 
Boron Carbide; 15- Diamond. 


HARDNESS SCALE, SHORE. A scale of 
relative hardness based on the clastic rebound 
of a li(‘avy j>lummet, A\ith a standard hard 
point, ulnch is dropped on the surface of the 
specimen from a fixed lieight. 


HARMONIC. (1) A solution of Laplace’s 
equation. An infinite number of harmonic 
functions satisfy the conditions and in general 
they are transcendental. The nio.^t familiar 
ones aie solid spherical harmonics .whicli are 
homogeneous in the varial)l(*s r, ?/, z. A 
spherical surface harmonic is the special set 
taken on tlu* surface of a unit sphere and u^sii- 
ally given in spherical polar coordinates. The 
angular dependent parts can be taken as 





((‘OS 


where is the associated Legendre poly- 
nomial. The surface harmonic is tesseral if 
m < 7i\ sectoral, if m /? ; zonal, if m ^ 0 . 

When Laplace’s erjuation is solved in other 
curvilinear coordinate systems, the solutions 
are also calh'd harmonics. Examples are 
cylindrical harmonics or Bessel function >; 
ellipsoidal harmonics or Lame functions; 
toroidal harmonics or Hicks functions. 

(2) In physical terms, a harmonic is a si- 
nusoidal quant it V having a lie(|uency which 
is an integral mnltiple of the fundamental fro- 
(iiiency of a i)eriodic quantity to whi(‘h it is 
related For example, a wave, the frequency 
of which is twice the fundamental frequency, 
is called the second hannonic. 

(3) In musical terms, a harmonic is a par- 
tial whose freqiKMicy is an integral multiple 
of the fundamental frequency. (See fre- 
quency, fundamental.) 


HARMONIC .ANALYSIS. Not only is it pos- 
sible to coml)ine two or more simple harmonic 
motions of different period, amplitude, and 
phase to form a complex motion, but there are 
also means of analyzing the resultant motion, 
when the latter is given, to find its component 
harmonics. For example, if the wave fonn 
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of such a complex tone as that produced by a 
bell or a saxophone is accurately graphed by 
means of a phonodcik (see vibrations, and 
waves, and musical sounds), the equation of 
the vibratory motion can be deduced in such 
form as to show the separate components. 
Fourier showed that the same analysis is pos- 
sible for any periodic motion, however com- 
plicated. The equation, called the Fourier 
series, may be written 

y = a sin 27171/ -f h cos 27m/ + c sin 47m/ 

+ d cos 47m/ + € sin 07m/ + / cos Oirnf + • • * , 

in which y is the displacement of the vibrat- 
ing particle and t is the time. The funda- 
mental frequency r? and the constants a, h, c, 
d, etc., must he calculated from the given 
wave form or the data from which it is plotted. 
There is a type of instrument, called a “har- 
monic analyzer, “ w'hich automatically com- 



Records of a complex sound and 12 of its components 
(after D. C. Miller) 

putes the coefficients; or it may be done 
mathematically, though the process is very 
laborious. The accompanying figure shows 
the wave form and the twelve components of 
a complex tone, analyzed by Professor D, C. 
Miller. 

HARMONIC ANALYZER. A machine for 
analyzing a periodic function into the har- 
monic components of a Fourier series repre- 
sentation. 

HARMONIC BAND, bee band, second har- 
monic; band, third harmonic. 


HARMONIC CONVERSION TRANS- 
DUCER. See transducer, harmonic conver- 
sion. 

HARMONIC DISTORTION. See distortion, 
harmonic. 

HARMONIC MOTION. A distinct type of 
periodic motion, or vibration, characteristic 
of elastic bodies; illustrated by a bird-cage 
bobbing up and down at the end of a spiral 
spring, or (appioximately) l)y the piston of 
a steam engine. It may he either simple, with 
only one frequency and amplitude, or made 
up of two or more simple components and eon- 
secpiently of more complex character. The 
essential feature of sinqile harmonic motion 
is Hint, with its range ('xtending to equal dis- 
tances on both sides of an equilibrium position 
or origin, the acceleration is always toward 
the origin and directly prcjyiortional to the dis- 
tance from it. W'ith elastic vibrations this is 
easily se('n to follow from Hookers law, since 
the force tending to restore tlie deformed body 
to e(|uilil>rium is ])roj)ortional to the deforma- 
tion. The motion is ealh'd “harmonic’' un- 
douldedly because the vibrations of bodies 
emitting musical sounds an' of this character. 
Any simple harmoric motion may ho repre- 
sented by the equation 

// == a cos (27r?i/ + </>), 

in which y is the distaiua* at time /, a is the 
amplitude, n is the fre(|uency or number of 
vibrations per unit time, and </> is the jihaso 
constant, sueli that when i — 0, y = a cos </>. 

It is interesting to note the relationship be- 
tween harmonic and circular motion. If a peg 
is inserted in the face of a circular disk or 
wheel and the hitti*r uniformly rotati*d, the 
motion of the jieg, as viewed wdth the wheel 
seen edgewise, is simple harmonic. In fact, 
uniform circular motion is made up of two 
simple harmonic components of the same pe- 
riod and amplitude at right angles, one being 
a quarter- period ahead of the other in phase. 
If the two harmonic components have a phase 
difference other than a quarter-period, the 
resultant in general is motion in an ellipse; 
while if they have unequal periods, the path 
is one of a class of more or less complicated 
loci called “Lissajous' curves.” 

HARMONIC MOTION, DAMPED. The 

differential equation of a system which will 
oscillate with a harmonic motion is 
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d^X 

la + ^ 

dr 

where M is the mass of the moving]; particle, 
k is the restoring force constant, x is the in- 
stantaneous displacement and F{t) is the ex- 
ternal force applied to the mass. If frictional 
forces or other dissipative agencies act, the 
behavior of the system may often be approxi- 
mated closely by the equation 

M-^ + K~-+kx == h\t) 
dl^ dt 

wliere U is a constant. (See oscillation, 
damped harmonic; oscillation, forced.) 

HARMONIC MOTION, PERIOD OF. The 

tune for one complete oscillation, that is, the 
leciprocal of tlie frequency. 

HARMONIC MOTION, SIMPLE ELLIP- 
TIC. A coinpoimdejd oscillatory motion con- 
sist iiig of (simple) harmonic motion in two 
fixed perpendicular directions with equal fre- 
(piencies. The resultant trace of the motion 
is in general an ellipse, which depending on 
the relative pliaso and amplitudes of the two 
com])ononts may take the special form of a 
f^irclo or straight line. 

HARMONIC OPERATION, IMPEDI:D 
(CONSTRAINED MAGNETIZATION, 
FORCED MAGNETIZATION). That type 
of operation whieh takes jilace in a magnetic 
amplifier in which the* impc'danec* of the con- 
trol circuit and any circuit closely coupled 
to it is so great as to substantially prevent 
tlie flow of all harmonic currents in such 
circuits. 

HARMONIC OPERATION, UNIMPEDED 
(NATURAL MAGNETIZATION, FREE 
MAGNETIZATION). That type of opera- 
tion which takes place in a magnetic amplifier 
in which the impedance of the control circuit 
or any circuit closely coupled to it is so small 
as to permit substantially unimpeded flow of 
all harmonic currents in such circuit. 

HARMONIC OSCILLATOR. Any system 
including one or more parts which undergo 
harmonic motion, damped or undamped, after 
being disturbed. 

HARMONIC PROGRESSION. The se- 
quence a, 6, c, ••• if their reciprocals 1/a, 
1/6, 1/c, • • * form an arithmetic progression. 


The harmonic mean between two numbers is 
the middle term of a harmonic progression 
whose first and last terms are the given num- 
bers. The harmonic mean between a and b is 
given by H = 2a6/(a + 6). If A, G, and // 
are respectively the arithmetic, geometric, and 
harmonic mean of two numbers then ~ AH. 

HARMONIC SERIES OF SOUNDS. A 

seri(‘s of sounds in which each basic frequency 
in the series is an integral multiple of a 
fiin<lamental frequency. (See frequency, 
basic and frequency, fundamental.) 

HARMONICS, SUPPRESSED. See satu- 
rable reactor; high-control impedance. 

HARRIS FLOW. A type of electron flow in 
a Cylindrical b(‘ain in wliicli .space-charge 
divergence is overcome through the use of 
a radial, electric field. 

HARTLEY. A unit of information wliich is 
generally doliiu'd as being equal to 3 219 bits. 

HARTLEY FORMULA FOR TIME-FRE- 
QUENCY DUALITY. A^ imjilicd by the 
Fourier integral, a time function cannot be 
confined within a small region on the time 
scale \vhen the steady-state transmission char- 
acteristic is ('(Hifiiu^d to a narrow range on 
the time scale. For example, it is well known 
that, if a telegraph dot is made narrower and 
narrowTr, its corresiionding significant-fre- 
quency sjiectnim becomes broader anrl broader 
until, in the limit when the dot becomes an 
impuKo, its ''ignificant-fro(pioncy spectrum is 
of infinite extent. Tw^o mathematical equa- 
tions which express this relationship are 

(7(0 = r I’as 2Trftdf 
** 



(j{f) cas 2Trf{di 


whore / is the cyclic* frequency, t is time, and 
cas denotes cosine added to sine. 


HARTLEY OSCILLATOR. See oscillator, 
Hartley. 

HARTLEY PRINCIPLES (WITH REGARD 
TO INFORMATION CAPACITY OF A 
TRANSMISSION CHANNEL). The amount 
of information that can bo transmitted is pro- 
portional to the width of the frequency range, 
and the time it is available. Information 
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content is equated to the total number of 
code elements, multiplied by tlic logarithm 
of the number of possible values a code ele- 
ment may assume. Information content is 
independent of how the code elements are 
grouped. By quantizing, the continuous mag- 
nitude-time function Uhed in ordinar}^ teleph- 
ony may be transmitted by a suceession of 
code symbols siieh are (employed in teleg- 
raphy. And, to obtain the rnaxinuim rate of 
transmission of infoniialion, the signal ele- 
ments need to be sj^ared uniformly. 

HARTMANN DIAPHRAGM. Discussed un- 
der Hartmann test. 

HARTMANN DISPERSION FORMULA. A 

very useful dispersion formula which suggi‘sts 
the anomalous dispersion near an absorption 
band, but docs not provide for more* than one 
such band and hence can be used over only a 
limited range of wavelengths It i.^ of tlie 
form: 

c 

r? = ??() b * — » 

X — X() 

where no, r and Xo are empirie.al constants. 

HARTMANN TEST. (1) Rarlmaun test for 
telescope minors For n fierfect mirror, liglit 
from all points on tlie mirror sliould come to 
the same focus. By covering the mirror with 
a screen, in which regularly sjiaeod holes have 
been cut, and then permitting tlie reflected 
light to strike a ])liotographic pt^to placed 
near the focus, the failure of dots on the ])late 
to be regularly-sjiaeod indicates a fault of 
the mirror. 

(2) Hartmann te--t for spectrometers. laght 
is passed through diffennt part^ of the en- 
trance .slit. Any cliange in the spectrum as 
different jiart^ of the slit arc used indicates a 
fault of the in'-tnnuent A ''Hartmann dia- 
phragm” is one device for using only oiu pait 
of the entrance slit at a time. 

HARTREE EQUATION. A relationship 
credited to D. H. llartree ajiplicablc to mag- 
netrons, which shows the tlieorctieal minimum 
anode- voltage a1 which oscillation is possible 
in the different modes. 

This relationship suggests lir.t the rotating 
field, which has a iix'^i-sinusoidal space dis- 
tribution at any instan-.., may be exiiressed as 
the sum of an infinite number of sinusoidal 


traveling waves rotating about the cathode 
with angular velocities 

<jj = 

N?n + n 

wh('re a> is in radians/second; /n is the fre- 
quency of oscillations in the nth mode; N is 
the number of resonant gaps; n is the mode of 
oscillation; and m is zero or any integer. 

Electrons may transfer energy to or from 
the field only when they rotate with the same 
angular velocity which in this case, is a func- 
tion of d-c anode voltage and axial d-c mag- 
netic field. 

The components of the rotating field cor- 
responding to values of m different from zero 
are called Hartree harniouies. 

The lines of constant m and n plotted as a 
function of d-c anode supply voltage and 
axial d-c magnetic field are referred to as 
Hartree lines. 

HARTREE HARMONICS. See Hartree 
equation. 

HARTREE LINES. See Hartree equation. 

HARTREE METHOD. See self-consistent 
field method. 

HASH. Elect neal noJs(‘ produced by a me- 
chanical v'ibrator or by the bnislics of a 
generator or motor. 

HAUY LAW. Tlie fundamental law of crys- 
tallography stating that for a given crystal 
there exi>ts a s(*t of axial ratios such that the 
intercepts of cver>' crystal jilanc on the crys- 
tal axes are exprc-^.sible as rational fractions 
of these ratios (Sc'o Miller indices.) 

HAVELOCK LAW. See Kerr constant. 

HAVERSINE. If B is an angle, haversine 
B ^ hav B — Yy vers 6. 

HAY BRIDGE. See bridge, Hay. 

HAZE. Very small particles of salt and dust 
in the air reduce visibility and cause the at- 
mosphere to appear off-color. Against a dark 
background the veil appears bluish, and 
against a bright background it seems yellow- 
ish or orange. This is known as dry haze. 
Very small water droplets cause a haze more 
grayish than dry haze, known as damp haze 
or mist. 
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HEAD. Pressure expressed as the height of 
the liquid column necessary to develop that 
pressure at the base. Its use is particularly 
convenient for considering the flow of the 
liquid. 

HEAD AMPLIFIER. See amplifier, head. 

HEAD, KINETIC ENERGY. The pressure, 
possibly expressed as a head, equal to the 
kinetic energy of the fluid flow p(T unit 
volume. 

HEAD, TOTAL. The head measured by a 
Pitot tube, that is, the sum of the hydrostatic 
pressure and the kinetic energy head. 

HEARING AID. A complete reproducing 
system, consisting of microphone, amplifier 
and loud.speaker, which increa^es the sound 
pressure over tliat normally received by the 
ear. Vacuum tube ampliliers are gradually 
being rc'placed by transistor amplifiers in 
these de\ices. 

HEARING LOSS (DEAFNESS). At a s}>eci- 
fied fre([UC‘noy, the ratio exprcsse<l in decibels, 
of the threshold of audiiiility (see audibility, 
thre.shold of) for a given defective oar to 
the corresponding threshold for the normal 
ear. 

HEARING LOSS FOR SPEECH. I he dif- 
f(Tence in decibels ladween the sjicech levels 
at which the average normal ear and the rle- 
fective ear respcctivelv reach the same in- 
telligibility, ofteTi arbitrarily sed at 50 per 
cent. 

HEARING LOSS, PER CENT (PER CENT 
DEAFNESS). At a given frequency, 100 
times the ratio of the hearing loss in decibels 
to the number of decibels between the nonnal 
threshold levels of audibility and feeling. \ 
weighted mean of the per cent hearing lo.sses 
at specified frequencies is often used as a 
single measure of the loss of hearing. The 
American Medical Association ha« defined 
percentage loss of hearing for mcdicol(''^al use. 
(See the Journal of the Amencan Mefhrni 
Aasociafion 133, 390, 307, February 8, 1947.) 

HEARING MECHANISM. The entire sys- 
tem of the human ear, consisting of the outer 
ear (external car or pinna, and the ear canal 
terminating in the eardrum), the middle ear 
(hammer, anvil and stirrup bones which 
transmit vibrations from the eardrum to the 


oval window of the inner ear) , and inner ear 
or cochlea (a bony structure of spiral form 
containing three parallel canals, one of which, 
the organ of Corti, contains the nerve termi- 
nals which are stimulated by vibrations in 
the cochlea). 

HEARING, PER CENT. The per cent hear- 
ing at any given frequency is 100 minus the 
per cent hearing loss (see hearing loss, per 
cent) at that frequency. 

HEAT. That heat is a form of kinetic energy 
has been known only since the work of Rum- 
ford and Davy in the first decade of the nine- 
tecMith century. They succeeded in boiling 
water and melting ice by heat generated me- 
cluniically. 

The chaotic agitation of molecules which 
we mm associate with heat, and the violence 
of ^^hich (le(elmillc^ the temperature, is strik- 
ingly exhibited, though on a much altered 
scale. i)y the Brownian movement. AVhen a 
suh'^tance is heated, its molecules receive im- 
])uh(‘s \\hi(‘li result in the acceleration of their 
motions of translation, of rotation, and some- 
times of internal vibration. With most gases 
comiio-^ed of diatomic molecules, a simple cal- 
culation based upon the known specific heat 
and upon the kinetic thcoiy shows that 
of tfic energy, at ordiriaiy temperatiin"^, goes 
into the translational molecular motion and 
the other 40% to rotational motion; the in- 
ternal vibrations aiiparontly do not hecin until 
higiior temperatures an* reaidied. This appor- 
tionment is in accord with the principle of 
cquipartilion of energy and the quantum 
theory. 

Ah hough w'o now ix'cogiiizc that h('at is 
energ> , it i^ still customary to exjiross quan- 
tity of heat in the old w aler-t( mperature 
ouasiire, by means of British thennal units 
or of calories; and whenever heat (piantitics 
so cxpress(‘(l are used in thermodynamic cal- 
culations, it is necessary to use the mechan- 
ical equivalent of heat as a conversion factor 
between these and the ordiiiarv dynamic units 
of energy (foot-poiimls or ergs). (See tem- 
perature, calorimetry, thermal convection, 
thermal conduction, thermal radiation, ther- 
modynamics, etc ) 

HEAT, ATOMIC. The product of the gram- 
atomic weight of an element and its .specific 
heat. The result Is tlie alomic heat capacity 
per gram-atom. For many ^olid elements, the 
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atomic heat capacity is very nearly the same, 
especially at higher temperatures and is ap- 
proximately equal to 3R, where k is the gas 
constant (Law of Dulong and Petit). 

HEAT CAPACITY. The amount of heat 
necessary to raise the temperature of a sys- 
tem, entity, or substance by one degree of 
temperature. It is most frequently expressed 
in calories per degree centigrade. If the mass 
of a substance is specified, then certain de- 
rived values of the heat capacity can be ob- 
tained, such as tlie atomic heat, molar heat, 
or specific heat. (Sec heat, atomic; heat, 
molecular; and heat, specific.) 

HEAT CAPACITY, ELECTRONIC. See 
electronic specific heat. 

• 

HEAT CONTENT. A thermodynamic pro])- 
erty which may he regarded as the total heat 
of a substance or system, and is defined as the 
sura of its internal energy plus the product of 
its pressure and volume, as in the relationship: 

// = r/ + pv 

where H is the heat content, (I is the internal 
energy (see energy, internal), P is the pre.s- 
sure, and V is tlie volume. Heat content is 
also called the heat function, and the enthalpy. 
The fonn in which this conc(‘pt enters most 
commonly into calculations is that of changes 
in heal content when a system changes from 
one state to another. 

HEAT FLUSH. A method of separating a 
mixture of Ile*^ and lle^ by means of a flow 
of heat in sujierfluid helium. 

HEAT IN THE ATMOSPHERE. Heat re- 
ceived from the sun is the priinaiy source 
of energy for the earth. Some slight amount 
of heat is received from the earth’s interior 
by virtue of radioactive rocks, but this need 
not be considered in view of its comparable 
smallness. Total heat received from the sun, 
directly below the sun, at the outer limits of 
the atmosphere (the amount that would be 
received at the earth's surface if passage were 
unaffected by the atmosphere and clouds) is 
very nearly 1.94 gram-calories per sq cm per 
min. This great quantity of heat is distrib- 
uted in such a way that the maximum is re- 
ceived directly below the sun v ith a decreas- 
ing amount received a i the distance from the 
heat equator increase i. Tropical areas, for 
this reason, are warm and polar regions cold. 


HEAT, LATENT. Heat which is gained by a 
substance or system without an accompany- 
ing rise in temperature during a change of 
state. (See heat of fusion, latent; heat of 
sublimation, latent; and heat of vaporization, 
latent.) 

HEAT, MECHANICAL EQUIVALENT OF. 

The conversion factor between any unit com- 
monly employed to express mechanical energy 
and a unit commonly employed to express 
thermal energy, e.g , 4.1840 joiiles/caloric. 

HEAT, MECHANICAL EQUIVALENT OF, 
METIIODS FOR. See Callendar and Barnes 
method; Griffiths method; Jaeger-Steinwehr 
method; Joulc-Rowland method; Laby and 
Hercus method; Osborne, Stimson and Jen- 
nings method; Reynolds and Moorby method; 
Schuster and Cannon method. 

HEAT, MOLECUIAR. (Heat, Molar ) 
4"'ho product of the gram-molecular weight of 
a com])oun(l and its s])ecific heat. (See heat, 
specific.) The result is the heat capacity per 
gram-molecular weight. 

HEAT OF ACTIVATION. The increase of 
heat content accompanying the transforma- 
tion of a substance from a less active to a 
more reactive foi’tn. Tliis process applies 
commonly to enzymes, and to many instances 
of the excitation of atoms or moh'cules, as 
well as to the irradiation of molecules. 

HEAT OF ADSORPTION. The increase of 
heat content when one mole of a given sub- 
stance is adsorbed upon another specified sub- 
stance. It is also necessary to state whether 
the adsorption is of the van der Waals type or 
of the activated type, since higher values are 
obtained from the latter process. Since gase- 
ous adsorption is frequently a function of the 
pressure, one defines a differential heat of ad- 
sorjition, as Ihe difference between values of 
the heat of adsorption at two different neigh- 
boring pressures. (See Langmuir adsorption 
isotherm.) 

HEAT OF AGGREGATION. The increase 
of heat content accompanying the formation 
of various aggregates of matter, such as crys- 
tals, etc. 

HEAT OF ASSOCIATION. The increase of 
heat content when one mole of a coordination 
compound is formed from its constituent 
molecules or other particles. 
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Heat of 

HEAT OF COMBUSTION. The increase in 
the heat content when one mole of a sub- 
stance undergoes oxidation, whereby the prod- 
ucts obtained in complete combustion are pro- 
duced. The heat of combustion is very nearly 
an additive property; it dei)onds, however, 
slightly upon molecular constitution, so that 
isomers do not give identical heats of com- 
bustion. 

HEAT OF CONDENSATION. The increase 
of heat content when unil mass, or one mole 
of a vapor is converted into liquid at its boil- 
ing point under i!?obaric conditions without 
change of temperature This quantity is the 
reverse of the latent heat of vaporization. 

HEAT OF COOLING. An increase in the 
heat content of a substance' or system at cer- 
tain tcmiH'raturcs on its cooling cur\^c, be- 
cause of an internal cliaiigo, commonly to an 
allotropic modification, which jiroduccs an in- 
crease in heat content. (Se(' heat of transi- 
tion.) 

HEAT OF CRYSTALLIZATION. The in- 

cicasc m the heat content of one mole of a 
‘>ub'>tanc(' attributable to its t^an^fornlation 
to the crystalline state 

HEAT OF DECOMPOSITION. The change 
of heat content when one mole of a coin- 
pouiid is decomposed into its (di’iiunts This 
is efjual in ({uantity, hut opposite in sign, to 

the heat of formation. 

HEAT OF DILUTION, DIFFERENTIAL. 

The increase in heat content ot a sy-,tein re- 
sulting from addition of an infinitesimal quan- 
tity of solvent to the solution 

HEAT OF DILUTION, INTEGRAL. The 

increase in heat content occurring when a 
&])ecified amount of the solvent is added to a 
solution This quantity is called the integral 
heat of dilution (or the total heat of dilution) 
m contrast with the differential licat of dilu- 
tion. 

HEAT OF DISSOCIATION. The increase 
of heat content occurring as a result of the 
orcaking apart of molecules or, in general, in 
the rupture of valence linkages. 

HEAT OF FORMATION. The increase of 
heat content of the system when one mole of 
a substance is formed from its elements. If 
the physical state of the various elements are 
not specified they are assumed to be in the 


Combustion — Heat of Solution, Integral 

state at which they would normally exist at 
atmospheric pressure and ordinary tempera- 
ture. 

HEAT OF FUSION, LATENT. The in- 
crease of heat content when unit mass, or one 
mole of a solid is converted into a liquid at 
it^ molting ]ioint (without change of tem- 
}>eratiirc). The \aliic of tliis quantity is com- 
monly determined at constant pressure. 

HEAT OF FUSION (LATENT), METHODS 
FOR. See Bunson ice calorimeter method, 
electrical method, and method of mixtures. 

HEAT OF HYDRATION. The increase of 
heat content when one mole of a hydrate is 
fonnofl fjom the nnliydrous form of the com- 
])ound, and from liquid w^ater. 

HEAT OF IONIZATION. The in(*roasc of 
heat content accompanying the complete 
ionization of one mole of a substance. 

HEAT OF IJNKAGE. Tlie bond energy of 
u particular valence linkage between atoms, 
as (leterinincd by the average amount of en- 
ergy n'tiuired to dissociate bonds of that typo 
in one mole of u given coinjiound. This is 
lllu■^t rated bv flic ca^'C of methane, in which 
the bond energv of the r--U bond is taken 
to 1)0 onc-cpiarier of the heat required to dib- 
'ociate one mole of methane into carbon and 
liydiogen atoms. 

HEAT OF NEUTRALIZATION. The in- 
crease m licat content of a system undergoing 
a neutralization reaction involving molar 
cpiantilics of reaetantb 

HEAT OF SOLIDIFICATION. The in- 
err ase in heat content upon the formation of 
( mole of a solid from a substance com- 
monly m the liquid state. 

HEAT OF SOLUTION, DIFFERENTIAL. 

.A partial different i.al quantity obtained by 
diflerentiating the total heat of solution (see 
heat of solution, integral) with respect to the 
molal concentration of one component of the 
solution, while the concentration of the other 
component or components, the temperature, 
and iiresburc remain constant. 

HEAT OF SOLUTION, INTEGRAL. The 
difference between the heat cimtent of a solu- 
tion, and the heat contents of its components. 


Heat of Sublimation, Latent — Heat Transfer 
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This quantity is also called the total heat of For the case of radial heat flow in one plane 
solution. (cylindrical coordinates), the equation is 


HEAT OF SUBLIMATION, LATENT. The 

increase of heat content when unit mass, or 
one mole, of a solid is converted into a vapor 
under isobaric conditions. 

HEAT OF TRANSITION. The increase in 
heat content when one mole of a substance 
changes to an allotropic foini, jd the transi- 
tion temperature. 

HEAT OF VAPORIZATION, LATENT. 

The increase of heat content when unit ma--s, 
or one mole, of a liquid is converted into a 
vapor at the boiling ])oint, without change of 
Icniperafiire. 

HEAT OF VAPORIZATION (LATllNT), AT 
ABSOLUTE ZERO. Quantity aj)))caring in 
the general \ a})or-pressun^ c(|uation (see va- 
por pressure, general equation). It may he 
defined by tlie equation 

T 7 ' 

X Xo -f r (\(IT - f (\(1T 
Jo 

wdicre A is the molar latent heat of vaporiza- 
tion of the solid at tcinporaturo T, the 
molar specific heat at constant pressure of tlie 
vapor, C'., the molar '"pc'cific heat of the solid, 
and Ao the molar latent heat of vaj)orizalion 
at the absolute zero. 

HEAT OF VAPORIZATION (LATENT), 
METHODS FOR. See Awberg and Griffiths 
method; Berlhelot condensation method; 
Henning method; low temperature evapora- 
tion method. 


HEAT PROPAGATION IN CONDUCTING 
MEDIUM. A proceas governed by the gen- 
eral e(|ualion: 


y2y 


d"T d^T 
dz^ 


cpdT 


wliere T is the temperature, c, the specific 
heat, p, the density, Tf, the thermal conductiv- 
hyj Ih 2!, rectangular coordinates, and /, 
the time. For the ease of radial heat flow 
(spherical coordinates), the eon at ion is 


2 ST pr’T 

dr^ r 4.'*^ K dl 


d^T 1 dT pc dT 
dr^ r dr K dt 

HEAT PUMP. An apparatus designed to 
convert mechanical energy into thermal en- 
ergy, as, for example, by the compression 
of a gas. The term is coming into increasing 
use to indicate a device which transfers heat 
from a colder to a hotter reservoir, vvitli the 
expenditure of mechanical energy, particu- 
larly when the primary purpose is the heating 
of the hot reservoir rather than the refrigera- 
tion of the cool one. 

HEAT, SPECIFIC. Also called the specific 
heat eapa<‘ity. The (luaiitity of heat required 
to raise the temperature of unit mass of a 
substance by one degree of tcunperature. The 
units commonly used for its ex])re'-^i()n arc* the 
unit mass of one gram, the unit (iiiantity of 
heat in terms of flic calorie. 

HEAT, SPECIFIC, AT CONSTANT PRES- 
SURE. The amount of heat reciuired to raise 
unit ma^^s of a substance through one degree 
of temperature without change of ])ressure. 
Usually denotc'd l>;s C p, w'hen the mole is the 
unit ol mass, and Cp when tlie gram is the unit 
of mass. 

HEAT, SPECIFIC, AT CONSTANT PRES- 
SURE, METHODS FOR. See Blackett, 
Henry and Rideal method; Holbiirn and 
Henning method. 

HEAT, SPECIFIC, AT CONSTANT VOL- 
UME. The* amount of heat required to rai^(‘ 
unit mass of a substance through one degree 
of temperatun* wdthuut change of volume. 
Usually denoted hy wdien the mole is the 
unit of mass, and c, when the gram is the unit 
of mass. 

HEAT, SPECIFIC, AT CONSTANT VOL- 
UME, METHODS FOR. See explosion 
method, Joly steam calorimeter, Nemst vac- 
uum calorimeter. 

HEAT TRANSFER. Heat can be transferred 
by thrc‘e diflVnuit methods: by conduction, 
wdiere the heat must diffuse through solid ma- 
terials or through stagnant fluids; by convec- 
tion, where the heat is carried from one point 
to another by actual movement of the hot ma- 
terial (common in fluids); and by radiation, 


where r is the radius. 
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Heat Transfer, Coefficient of — Heine Formula 


where heat is transferred by means of electro- 
magnetic waves. 

HEAT TRANSFER, COEFFICIENT OF. 

The rate of flow of heat through a medium 
or a system, expn^ssed as the amount of heat 
passing through unit area, per unit lime, and 
per degree temperature diffen'nee. In the 
English system of units, the coeffieient of heat 
transfer is usually expressed in H t.u. f)er 
square foot per hour per degree Fahreiilu'it 

HEAT UNITS, C.G.S. See calorie. 

HEAT UNITS, ENGLISH. Sec British ther- 
mal unit. 

HEAT UNITS, MKS. The joule, which is 
also the unit of work: work done by 1 newton 
moving its point of ap])lication parallel to 
itself by 1 meter. One newton is the force 
re(iuired to lu’oduce an acceleration of 1 ine- 
t(‘r/&ec“ m a mass of 1 kilogram. 4 1S4 joules 
are equivalent to 1 ‘standard cfdorie 

IIEAlTilR. (1) An electric heating element 
lor supplying heat to an indirectly-heated 
cathode. (2) A source of heat for industrial 
or domestic use. (S(‘e induction heater; in- 
duction-conduction heater; hy.stercsis heater; 
induction-ring heater, el c ) 

HEATER CURRENT. The curriMit flowing 
through a heater. 

HEATER TUBE, See tube, hot cathode, 
heater-type. 

HEATER VOLTAGE. TIk^ voltage between 
the terminals of a heater. 

HEATING, DEPTH OF. In dielectric heat- 
ing usage, the depth below the surface of a 
material in which effc'ctive dicdeclric h(*ating 
can be confined when the applicator (dectrodes 
are applied adjacent to one surface only. 

HEATING, DIELECTRIC. See dielectric 
heating. 

HEATING, INDUCTION. See induction 
heating. 

HEATING PATTERN. The distribution of 
temperature in a load or charge. 

HEATING STATION. I vocation which in- 
cludes load coil or applicator and its asso- 
ciated production equipment. 


HEATING VALUE. The heating, or calo- 
rific, value of a fuel is the quantity of heat 
produced the combustion, under specified 
conditions, of unit weiglit or volume of the 
fuel. 

HEAVISIDE BRIDGE. See bridge, Heavi- 
side. 

HEAVISIDE-CAMPBELL BRIDGE. See 
bridge, Heaviside-Campbell. 

HEAVISIDE LAYER. Sec ionosphere. 

HEAVY ATOM METHOD. See direct x-ray 
analysis. 

IIECTO-. Apn .‘fix meaning one hundred. 

IIEOrrOCRAM. One hundred grams. 

HECTOMETER. One hundred meters. 

IIERPOLIIODE. The curve along which the 
cone traced out l>y the angular velocity vec- 
tor inters(‘c1s the plane tangent to the mo- 
menta] ellipsoid and jn rpendieular to the 
angular moinentuin vector, in the case of a 
rotati)ig iigid bodv not subject to any ex- 
ternal torque. (Sre polhode.) 

"HECTOR SERIES." See camera lenses. 

HEFNER LAMP. A standard light source 
\\hich burns amyl acetate and has an intensity 
of 0 0 r S standard candles when the flame is 
at a height of 40 mm. 

HEIGHT CONTROL. In television, the 
control \\h()se setting deteriTiines the vertical 
amplitude of the image 

HEIL CIRCUIT. Si 0 Heil oscillator. 

HEIL OSCILLATOR. An early velocity- 
\aiiation ('l(‘i‘tron de\ ice which as a fore- 
runner of th(‘ ])resent-dny kly.stron. 

HEILIGENSCIIEIN. A diffraction effeat 
seen from considerable altitude due to tlie 
reflection of sunlight from dew drops on vege- 
tation. 

HEINE FORMULA. An integral represen- 
tation for Legendre polynomials: 

= (n + l)(n 4- 2) • • • (n + 

J pir 

X - I [a- + — ] cos <#►]" cos 


Heisenberg Equation of Motion — Helium, Liquid Forms I and U 
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HEISENBERG EQUATION OF MOTION. 

According to the quantum theory of a dy- 
namical syjstem described by the Hamiltonian 
//, the time rate of change of an observable 
represented by the operator X is 


where [X, H] is the commutator of -Y and //. 

HEISENBERG FORCE. Phenomenologi- 
cally postulated force between two nucleons 
derivable from a potential in which there ap- 
pears an operator which exchanges the spins 
and positions of the two particles. 

HEISENBERG PRINCIPLE OF INDE^ER- 
MINANCY. See indetermiiiancy principle. 

HEISENBERG REPRESENTATION. K( p- 

rcsentation of the equations of motion in 
quantum mechanics and in quantizc'd field 
theory (see field theory, quantized) where the 
vector describing tin* state is treated as con- 
stant and the time de[)endenee is transfeiTcd 
to tlie operators which oj^crate on this state 
vector. This may be represented in Hilbert 
space by keeping the state vector constant 
and allowing the axes to rotate with time as 
the motion of tlie system develops. Matrices 
representing operators referred to these axes 
are thus time dependent and obey tin* Heisen- 
berg equation of motion. The theory devel- 
oped in thi'^ representation is therefore called 
matrix mechanics. (See Schrbdinger repre- 
sentation interaction representation.) 

HEISENBERG THEORY OF FERROMAG- 
NETISM. The exchange interaction (sec di.s- 
cussion of exchange energy) between elec- 
trons in neighboring atoms can be shown to 
depend on the relative orientations of the 
electronic spins. If it should turn out that 
parallel spins are favored, there is a strong 
tendency for all the spins in the lattice to be- 
come aligned, the transition to the ordered 
state corresponding to the Curie point. The 
concept of localized spins ((‘g., d-eh*etrons in 
the transition metals) is confirmed by neu- 
tron diffraction, but the theory is incomplete 
at the stage of calculating t ie actual magni- 
tude and sign of the intera d -n. 

HEISING MODULAllON. See modulation, 
constant-current. 


HEITLER-LONDON THEORY OF CO- 
VALENT BONDING. A treatment of the 
exchange forces between atoms in which the 
two interacting electrons are assumed to be 
in atomic orbitals about each of the nuclei, 
th(*se orbitals being then combined into sym- 
metric and anti-symmetric functions. The 
theory gives a good first approximation to 
the correct orbitals, but ignores effects such 
as the possibility of two electrons being simul- 
taneously on the same atom. 

HELIOSTAT. An arrangement of mirrors 
drive'n by clockwork u^f*d to reflect a beam of 
sunlight in a fixed direction as the sun moves 
across the sky. 

HELIUM. Gaseous element. Symbol He. 
Atomic number 2. (Sec also helium, liquid.) 

HELIUM, LIQUEFACTION. Helium was 
first liquefied by Kamerlingh Onnes in Leiden 
in 1908. ()mlc^ used the Linde-IIam})son 
method of liquefaction, in which the cooling, 
in the lower range, is obtained hy the Joiile- 
Kelviii effect. 

HELIUM, LIQUEFIEKS. Besides the faude- ' 
llampsoii method u'-ed by Kamerlingh Onnes 
ill his first Ikiuefaetiou of helium, a number 
of liqiiefu'rs have^beeii develoiied which are 
based on (*x[iansioii with ('xternal work. 
Simon has used a very siiiijile device* in wdiich 
helium, cooled to temperatures obtainable 
with liquid hydrogen, is e\[)an(le(l from 100 
or 150 atmosph(*res to 1 atmosphero. The 
heat ea])aci(y of the ])ressure cylinder in 
wliicli the expansion is carried out is very 
small at these temperatures, and with a single- 
expansion filling, extremely effective opera- 
tion can be obtained. Kapitza has developed 
a reciprocating engine for cooling helium, 
which has been further improved by Collins. 
These devices have the advantage that they 
do not require liquid hydrogen for the lique- 
faction of helium. Another method due to 
Simon is based on the cooling obtained when 
helium gas is desorbed from charcoal. 

HELIUM II FILM, Solid surfaces in con- 
tact with licpiid helium II (see helium, liquid 
forms) are covered with a film of 50 to 100 
atoms thickness, along which frictionless flow 
of liquid can take place. 

HELIUM, LIQUID FORMS I AND H. Liq- 
uid helium undergoes a change in its physical 
properties at 2.189°K, the so-called lambda- 
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Helium, Liquid, Friction-free Flow in — Helmholtz Resonator 


point. The form stable between the critical 
temperature and the lambda-point is called 
liquid helium I, and that stable between the 
lambda-point and absolute zero is called liq- 
uid helium II. Since the transformation is 
one of higher order, without latent heat at 
the lamda-point, the two liquid forms arc 
never co-existent. The lambda-transfonna- 
tion does not occur in liquid helium with the 
isotopic w'eight 3. 

HELIUM, LIQUID, FRICTION-FREE 
FLOW IN. The flow of liquid helium IJ 
through narrow capillaries or slits is highly 
independent of pressure head, and of the 
length of the tube, suggesting freedom from 
friction. By mca.suring pressures along the 
tube, it has been shown that up to a critical 
velocity w'hich depends on temperature, the 
flow inside the tube is completely fn^e of fric- 
tion, all (lissq^atiori occurring at the ends of 
the tube. The complete freedom from fric- 
tion has also been demonstrated for the he- 
lium film. 

HEIJUM, LIQITID, PROPERTIES OF. Liq- 
uid helium is a rc'niarkabli' su})staiK*e as, (nv- 
mg to its high zero-point em'rgy, it lias a 
very low density and will not solidify under 
its own saturation pressure. Even at abso- 
lute zero, an external pn'ssure of about 25 
almospheres is rocpiired for solidification. 
The density has a maximum at the lamhda- 
puint. Whereas helium I has, ajiart from its 
low density, most of the properties of a nor- 
mal liquid, helium II show^s a very anomalous 
behavior. Its viscosity is vanishingly small, 
and its heat conductivity is much higher than 
that of any otlier substance. Moreover, there 
exists a thcrniomeehanical (fountain) effect. 
Tf two vessels containing helium II arc con- 
nected by a nan’ow capillary and beat is su])- 
plied to one of them, a flow of helium in the 
direction of the higher temperature wdll take 
place. Conversely, in the meehanocaloric ef- 
fect, a forced flow of helium II through a 
capillary will result in a cooling of the liquid 
lea^^ng the capillary. Also, pulses of heat 
created in the liquid will be propagated in it 
similarly to density pulses in sound, and the 
phenomenon has therefore been called second 
sound. (See also helium film.) 

HEIJUM, LIQUID, SUB-CRTTICAL FLOW 
IN FILMS OF. Mass transport through the 
helium II film takes place at a constant rate 


which only depends on temperature. It has 
been shown that in film transport below^ this 
eritie{|l rate, the flow of mass is completely 
free of friction. 

HELIUM, SOLIDIFICATION. Helium will 
not solidify under its owm vapor pressure 
down to absolute zero. In order to obtain 
solid helium the liquid has to be subjected to 
external pressure (Keesom). The melting 
pressure, wdiich is about 140 atmospheres at 
file normal boiling point, has a value of 25 
almospheres at absolute zero. 

HELIX. A curve trac(‘d on a cylindrical or 
conical surface in such a w'ay that all ele- 
ments of tlu‘ surface are cut at a cemstant 
angle. A circular helix lies on a right cir- 
cular cylindrical surface. In parametric 
form, its equation is 

a* ~ a cos 0, y " a sin (9, z = hd 

where a, b are constants and 0 is a parameter. 
The tliroad of a screw is often a circular helix. 

HEI.MHOLTZ EQUATION. An equation 

of tlie form 


fiiyi tan 6] =• n‘ 2 y 2 tan 

(‘xpn^ssing the relation between the linear and 
the angular magnification at a spherical re- 
fract ing interface, //i, //o arc linear dimen- 
sions of object and image, Oi, On the angles 
made by focal rays and axis at object and 
image points and are refractive indices 

of object and image s])aeo. Also called La- 
graiige-Ilelmholtz equation. (See, however, 
tlie Abbe sine condition.) A spherical sur- 
face cannot satisfy both tliese equations for 
finite angl(*s. Hence a siflierieal surface can 
never make a perfect image. 

HELMHOLTZ FREE ENERGY. Defined 
under free energy (2). 


HELMHOLTZ ■ KETTELER FORMULA. 
The dispersion formula: 




Xs" + 


where D' is a constant, G\^ is the term repre- 
senting the frictional force, X is the wave length 
and the sum is taken over s, the X« being the 
resonant wave lengths of the medium. 


HELMHOLTZ RESONATOR. An enclosure 
communicating with the external medium 




Helmholtz Reciprocal Theorem — Hereditary Mechanics 
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through an opening of small cross-sectional 
area. Such a device resonates at a single 
frequency dependent on the geometry of the 
resonator. 

HELMHOLTZ RECIPROCAL THEOREM. 
See reciprocity theorem, acoustical. 

HEMERAPHOTOMETER. A type of pho- 
tometer used for measuring daylight factor. 

HEMICOLLOID. A colloid composed of 
j)articles of Muall size, i.e., ranging from 0.005 
to 0.0025 micron in lenglh. 

HEMIHEDRAL CRYSTALS. See hemihed- 
rity. 

HEMIIIEDRITY. A term de-<crilnng crystal 
symmetry opc'rations, to indicate that only 
half of a symmetrical structure undia'gocs 
modification. For examidc, if in tnmeating 
a cuhe the ])rocoss is carried out symmetri- 
cally on four out of the eight solid angles th(' 
resulting structure exhibits heinihedral sym- 
metry. 

HENNING METHOD FOR LATENT HEAT 
OF VAPORIZATION. An evaporation 
method similar to that used earlier by Grif- 
fiths. Water is evaporated under constant 
pressure at any tem])crature between 
and 1S0''(\ and I he electrical energy needed 
to evaporate a given amount of water (de- 
termined by subse(}uent condensation) is 
measured 

HENRY. A unit of Mdf or mutual inductance, 
abbre\ iation h or liy. (1) Tlic self-inductance 
of a coil in which an emf of one ^oIt is rc- 
fpiired to change the current at the rate of 
one ampere ])e]- '^eeond. (2) The mutual in- 
ductance of two coils, of such geometry and 
so arranged that an cnif of one volt is in- 
duced in one if tlie current in llie oIIkt is 
changing at the rate of one ampere i>er sec- 
ond. The mutual inductance remains un- 
changed if the roles of the two coils are inter- 
changed, i.e., if the ruiTcnt i^ changed in the 
first and the emf is measured across the sec- 
ond. Tlie millihenry (mh), equal to 0 001 hy, 
is commonly used as a unit of inductance. 

HENRY LAW. Tlie mass of gas dissolved 
by a given volume of liquid a given tem- 
perature is jiroportional to th* pressure of gas 
with which it is in eimilibrium. The Henry 
law is strictly true only for ideal solutions 
(which are apuT-nached in their properties by 


dilute solutions), if the gas is in the same 
molecular state in the solution as in the gas. 
Departure from ideal gas behavior also re- 
.sults in deviations from the Henry law. The 
Henry law and the Raoiilt law may be shown 
to be related. 

HEPTODE. A seven -oh'Ct rode electron tube 
containing an anode, a cathode, a control 
electrode, and four additional electrodes that 
are ordinarily grids. 

HERCUS AND lABY METHOD, HEAT 
TRANSMISSION OF GASES The most 
‘Nalisfactory method of measuring the ther- 
mal conductivity of gases. Tl consists in 
measuring the temperature gradient across a 
(hin slab of gas of large area of cross section, 
u-ing a know'n heat current. The area is de- 
fin(Ml by two silver-plated circular sheets of 
copper, one heated electrically, the other 
cooled by flowdng water. Conveetion efforts 
are eliminated by arranging for the h(*at flow 
to take plae(‘ vertically downwarrls Lat(*ral 
heat flow is eliminated by surrounding tin* 
hotter plate by a guard rine, and lo^s of lu^at • 
in an upward direction, by moans of another 
plate abov(‘ it, both being maintained at the 
same t(‘m])erature as the hotter ])late. A tem- 
j)e rat lire difTe] (aiee of about 20'^C was used 
for tlie onginal experiments, find a correction 
of about w\MS neeos*^ary for heat transfer 
by radiation. 

HEREDITY, COEFFICIENT OF. See he- 
reditary mechanics, 

HEREDITARY MECHANICS. The field of 
meelianies involving boundary conditions ex- 
tending over continuous intervals of space and 
time and demanding integrals for their repre- 
.sentalion For exam])le, in tlie apjdication of 
stress to a deformable elastic medium, the 
final strain at any instant depends not only 
on the stress at that instant but on the whole 
previous stress to wdiirh the medium has been 
exposed. Analytically 

6(0 = kX(0 + r 0(f, T)X(r)dr 

where S is the final strain at time t, X(t) is 
the instantaneous stress at time t and the in- 
tegral ri'presents the effect of the stress hered- 
ity of the system. The quantity 9(tf r) is 
called the coefficient of heredity. The above 
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equation may be considered an integral eqiia- Hcrmitian, the form is also Hermitian. Lin* 
tion for the evaluation of X when S is known ear integral operators may also be Hermitian 


HERING THEORY. A theory of color vision 
which postulates in the retina two mutually 
exclusive processes (a) anabolism, a building 
of tissue and (b) cataboli.m, a breaking down 
of tissue. It accounts only partly for color 
blindness. 


HERMANN-MANGUIN symbols, a no- 
tation sometimes used to describe the sym- 
metry classes of ciystaK. Two-, three-, four- 
and six-fold rotation axes are represented by 
the numbers 2, 3, 4 and 6 Three-, four- and 
six-fold inversion axes have symbols 3, I, b 
Asvmmetry ha ^ the symbol 1. A center of 
symmetry has the •symbol I. A plane of 
symmetry is leprescnted by ni (mirror) The 
fir^l number denotes the principal axis. If a 
plane of svmmetry is jiei pi'iidieular to an axis, 
this IS r(‘piesented by a /m ((‘g, 2 ui, ! nt, 
{\'m) Then follow the symbols for tlu' s( r- 
ondary a\('s, if any, and then any other sym- 
metry planes 

HERMITE EQUATION. A seeond -order 
differential equation 

yff _ 2?//' 4 2rnj ^0; a const ant 

The Ilcrinite polynomials are solutions It 
oeeuis in the (piantum meehaiiical problem 
of the harmonic oscillator. (Sec also Weber 
e((uation. ) 


HERMITE POLYNOMIAL. A solution to 
the Hcrmitc differential equation, 1 lie i^oly- 
nomial of degree n is: 


= {2xT 


n{n — 1) 


1! 


* (2j) 


w-2 


^ n(n - l)(n - 2)(n - 3) ^ 


It can also be represented by the relation 


Unix) 


(-ire" 



or by a generating function. 


HERMITIAN. Describing a matrix for 
w'hich the elements Aij = Aj* , where the as- 
teri^^k indicates the complex conjugate. If 
the variables in a bilinear form are complex 
conjugate to each other and if the matrix is 


HERPOLIIODE. The curve along which 
the cone tiaced out by the angular velocity 
vector intersects the invariable plane tangent 
to the momental ellipsoid and perpendicular 
to the angular momentum vector, in the case 
of a rotating rigid body not siibjc'ct to any 
exiernal toi'cpic (Sec polhode.) 

IlERRINGER-HULSTER EFFECT IN 
MAGNETRONS. See phasc-focusing. 

HERSCHEL EFFECT. A photographic ef- 
fect observed first by F. W. Ibaschel in 1839. 
llersclu'l obscr\(Ml that an imag(' on ])nnting- 
out-j)apt*r (siher clilnrid(‘) i^- rh'^troyed 
(blearhed out) iijion exposure* to nd light 
This now known as (lie visual Hirschcl 
(‘11 (‘ct Th(' dostriudion ol a hitimt imago in a 
g(‘lalm emuKion (w^hich must iiot be dyo- 
M‘n^iti/e(l) IS now^ known as the latent 
Her'-chel f‘tT('ct Xmi-oolor scm^ilive mate- 
nals may hc' mad(‘ .sensitive to the infrared 
b\ (‘xposing to red light aft(‘r (‘xposure 

HERTZ. \ unit of frequency equal to 1 
e\ cle i)(‘r s(‘(‘()nd 

HERTZ ANTENNA. St (* antenna. Hertz. 

IIESSJVES PHOTOMETER. \ eoloriim td 
lining riumbcH'd series of colored glass slides 
to match and designate the color of a sub- 
stance or solution 

HESS LAW. See constant heat summation, 
law of. 


HESSI.AN, A functional determinant defined 
by the equation 




d{x,y,z) 


F F F 

* XI ^ xy ^ xz 

F F F 

* -TV ^ y\f *- yz 

F F F 

^ xz ^ yz ^ zz 


where are diffciential coefficients of an- 

other function, F(x,y,z): 


u = dF/dx = Fj., V = Fy, 1(1 = F^; 
d^F/dx- = Fxr, etc. 

(See also Jacobian and Wronskian.) 


HETERODYNE. Two alternating currents 
of diflerent iroquency, wdien “mixed’’ in a 
non-linear impedance device such as a recti- 
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fier, generate a current having the sum- and 
difference-frequencies, either or both of whicli 
may be selected by properly tuning or filter- 
ing the outpul. This jilienoinenon is known 
as heterodyne action, and is jmt to f>ractical 
use in the superheterodyne radio receiver cir- 
cuit. 

HETERODYNE CONVERSION TRANS- 
DUCER. See transducer, heterodyne con- 
version. 

HETERODYNE DETECTOR. Sc e bcatnole 
detector. 

HETERODYNE FREQUENCY METER. A 

frequency measuring device which conqiares 
the unknown freqiu'nc'y wifh a calibrated- fre- 
quency standard in a bcatnote detector cir- 
cuit. 

HETERODYNE OSCILLATOR. The os- 
cillator in a superlieterodyne rc'ceiver which 
^provides the fre((uency reciiiirt'd to bc'at with 
the signal fr(‘(picncy to produce' the correct 
inte'rmediate fn'ciuency. 

HETERODYNE WAVEMETER. A hetero- 
dyne frequency meter. 

HETERODYNE WHISTLE. The steady 
tone heard in (lie output of an ainjilitudc- 
modulation receiver duo to the beating of tw’O 
carriers having a small freciueiicy difference. 

IIETEROION. A coinjilex ion consisting of 
a simple'!* ion adsorbed u])()n a molecule'. The 
term is c.ommonly applied in cases wliero the 
adsorbing molecule is large, e.g., a protein 
molecule. 

HETEROSTATIC METHOD (OF USE OF 
QUADRANT ELECTROMETER). See elec- 
trometer, connection of. 

HETEROTOPIC. Having a different atomic 
number or nuclear charge, the oppo.sitc of 

isotopic. 

HEXAGONAL CLOSE-PACKED STRUC- 
TURE. A crystal structure obtained by 
packing together equal spheres as follows: A 
layer is made by placing each sphere in con- 
tact w ith six others. A scconc^ .aycr is added 
by placing each sphere in contact with three 
sj)heres of the bottom layer. In the third 
layer, the spheres go directly above those in 


the first layer — and so on. (See also close 
packed structure.) 

HEXAGONAL SYSTEM. One of the seven 
crystallographic systems. 

IIEXODE. A six-electrode electron tube 
containing an anode, a cathode, a control 
electrode, and three additional electrodes that 
are ordinarily grids. 

HEYDWEILLER BRIDGE. See bridge, 
Heydweiller. 

h-f. Abbreviation for high frequency, which 
is genei-ally considered to be the band of fre- 
(piencies l)eh^een 3 and 30 megacycles per 
second. 

HIGH. A region over wbiicli the alinosplierie 
pressure is greater than the surrounding area; 
an abbn-viation for region of liigh pressure. 
Anticycloiiic winds blow about a high. 

HIGH - EPFICIENCY REFLECTING 
FILMS. In optical instruments it is some- 
times desirable to divide a Ixaim of light into 
tw'O beams of ]>re(letermiue(] rt'lativo intensity. 
This can be done' bv coating gla^^s with a thin 
film of aluiniuum. However, in this case for 
equal reflected and transmitted beams, al)out 
30% of the liglit is absorix'd by the film. By 
using a thin film of low refractive index, 
covered by a thin film of liigli refractive index, 
tlu' thickness of the films may lx* adjusted 
to give the desired reflection and transmission 
with almost no absolution. 

HIGH FIDELITY. Tlu* quality of a sound 
reproducing system such that the acoustical 
characteristics of the reproduced sounds (usu- 
ally musical) match as clost'Iy as possible the 
(iiaraet eristics of the original sounds w'hen 
made under their normal conditions. Thus a 
high fidelity reproduction of a symphonic 
wmrk should sound the same to the listener as 
if he were present in a concert auditorium, 
listening to tlio orchestra directly, even though 
the sounds used in tlic recording w^ere actually 
transcribed in a recording studio with ex- 
tremely artificial acoustical characteristics. 

HIGH-LEVEL MODULATION. See mod- 
ulation, high-level. 

HIGH-PASS FILTER. See filter, high-pass. 
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fflGH-PRESSURE CLOUD CHAMBER. HILBERT TRANSFORM. Integral trans- 
Sco cloud chamber, high-pressure. forms defined by 


lUGH - PRESSURE PHENOMENA. The 

earlier reyearehes in this field were associated 
with the study of the liquefaction and the 
critical states of p;ases; foi exainpk*, the work 
of Andrews (18(>1). The critical pressure of 
water, for example, has a value above 20(X) 
kilograms per cm^. Tlie hydrostatic pressure 
at the great(*st ocean depths must be about 
1000 kilograms per cm-, l^ut these would 
now hardly be considered “higli” iiressiires, 
‘'ince witli modern technifiue it is pos'-ibh* to 
attain pressures as gn'at as ‘^0,000 kilograms 
jier cm-. The usual means of idtaining high 
]U’('.ssures is th(' “intensifier,'’ winch is inerely 
a double free iiiston, that is, a straight rod 
with a largt‘ piston on one end and a small 
one on the otlu'r, (‘ach in its own csdinder. 
\iiy jircssure apiihed to the larger ])iston is 
niultii)lied in the smaller cylinder by the ratio 
of the two areas. Th(‘ clued problem is that 
of flacking to i)r(‘\ent leaks, and tliis lias been 
nu't by sjK'cial devices perfe'cteal liy Bridg- 
man. Boulter, and otliers (See pressure 
gauges. ) 

Sub^tanees often exhibit unfamiliar prof)- 
(mIi(‘s id liigh fire^siire For ('Xanijiha the 
muimuim volunu* of water, at 4'’(" under nor- 
m.'d ])ressur(', occurs at lower and lower tem- 
peaaluros as the firessiire is inerc'ased; anel 
niially, at about 2rj00 kilograms per em-, a 
minimum no longcT exists. Solid bisimitli 
kcfit at 2r)0''(' melts at a ])ressure of 5600 
kilograms per cm-; but licfuid sodium at loO^C 
‘'olidifies at 7200 kilograms fier cm-. Some 
oils liehave like sodium, so tliat they cannot 
he used as the media in Iiigh-pressnre ap- 
paratus. The thermal exfiansion of liffiiids 
under great pr(\ssure decreases witli tempera- 
ture instead of increasing as it noniially does. 
When liquids arc subjected to 12,000 kilo- 
grams })er cm-, tlic work oi compression causes 
tliem to become almost boiling hot. Many 
otlier properties have been studied in detail, 
such as density, electrical resistance, thermal 
conductivity, viscosity, dielectric constant, 
and polymorphic transitions. 

HILBERT SPACE. Space defined by a set 
of orthonormal functions such that a func- 
tion / = may be regarded as a vector 
in the space with coordinates Ci. 


fix) 


1 r"" r 
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HILDEBRAND ELECTRODE. 


f{x)dx. 

See elec- 


trode, Hildebrand. 


HILDEBRAND RUI.E. the entropy of va- 

jiorizalion, i e., the ratio of the heat of vapor- 
ization to thi^ temjierature at which it occurs, 
is a constant for many substances if it is 
detcrinincd at the smiK' molal concentration 
of \apor lor each substance. 

Hll.L AND DALE RECORDING. See ver- 
tical recording. 

HILL DEl'KRMINANT. A determinant of 

intinilo onhu* which occurs for differential 
equations with periodic coefficients, like 
Mathieii’s equation. Its '-olution det(*rmincs 
a parameter in the solution of the differential 
ecpiation and the eigenvalues rcciuirt'd to give 
solutions w'liich are also periodic. 

HINDRANCE. In swHehing-cireuit termi- 
nology, the dchcription of the impedance pro- 
vid('d by swutch contacts is referred to as 
hindrance. The twm values of hindrance are 
denoted by 0 (zero ohms) and I (infinite 
ohin^) . 


HIPERCO. Ti’adc' name for a magnetic alloy 
composed of cobalt, 0.5% chromium, 

and the balance iron, wdiiidi has liigh fienne- 
ahility and a high saturation fiux-density. 

HIPERNIK. Trade name for an isotropic 
magnelie alloy whose conifiosition is afijiroxi- 
mately 50%? nickel, 50% iron. 

HIPERNIK V. Trade name for a magnetic 
alloy similar to Hipernik in chemical com- 
])Osition, but with grain-oritaited properties. 

HIPERSIL. Tradt name for a highly grain- 
oriented, silicon-iron magnetic alloy. 

HITTORF DARK SPACE. See cathode dark 
space. 

HITTORF METHOD (FOR TRANSPORT 
NUMBER). Comparison of the change in 
concentration of electrolyte near the cathode 
and near the anode, due to the passage of a 
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known amount of electricity, can yield the 
transport numbers of the anion and cation of 
the electrolyte. This is the basis of thc^ Hit- 
torf method. 

HITTORF PRINCIPLE. An application of 
the Paschen law, which states that discharf^e 
between electrodes in gas at a giv(‘n pressure 
will not always occur l)etween the clo.^cst 
points of the electrodes if the distance between 
these })oints corresponds to a point to the left 
of the minimum of the ignition potential 
curve. Also known as the short-path prin- 
ciple. 

HITTORF TUBE. An early form of cathode- 
ray tube. 

HODECTRON. A mercury-vapor tube in 

which the discliarge is initiated by means of 
a magntdie pulse. 

HODOSCOPE. An arrangcanent of radiation 
counters used in cosmic ray detection. 

HOFFMAN ELECTROMETER. See elec- 
trometer, Hoffman. 

HOFMANN METHOD FOR VAPOR PRES- 
SURE. A graduated glass iulx* about 1 meter 
long is filled with miM-eury and ins(‘rU'd in a 
trough of menairy, the upjier part of the tube 
being surrounded l)y a eonsi ant-temperature 
jaek(’t through which is cireulated at a known 
(emperature the vat)or who^e density is n'- 
fpiired. A small, stt^i)[)(‘r(‘d, glass v(*ss(‘l con- 
taining a known weight of the licpiid is in- 
serted inti) the tul)i‘ containing miTeury, and 
the liquid vaporizes, forcing off thi‘ sto])per. 
Tlie miTCury level is depressed, the de])ression 
giving the volume of va|)or at the ])ressure and 
temperature of the experiment. Hence the 
vapor density is found. 

HOFMEISTER SERIES. A definite order of 
arrangement of anions and cations aeconling 
to their powers of coagulation when their salts 
are added in (piantity to lyophilie sols. Thus, 
the order of cations is ]Mg++ > ('a++ > 
Sr++>Ba+-^ >Li+>Na^ >K^ > Rb + 
> Cs The Hofnicister series is also called 
the lyotropic series, and the effect is called 
salting-out, a term applied strictly to the 
effect of electrolytes upon true solutions. 

HOHLRAUM. A name for r black body, 

since the only physically-possible black body 
is a unifonn temperatiac cavity. 


HOLBURN AND HENNING METHOD 
FOR SPECIFIC HEAT AT CONSTANT 
PRESSURE. A n improved method similar 
to tliat used by Rcgnault, by which the spe- 
cific heat of gases can be determined up to 
1400°C. 

HOLD-BACK AGENT. The inactive isotope 
or isotopes of a radioactive element (s) or an 
element of similar jwopertii's or some reagent 
which may be usiid to diminish (hold-back) 
ihe amount of the radionuclide copreeipitated 
or advsorbcd on a particular carriiT or adsorb- 
ent. The hold-back ag(*nt, bi'i'anse of its rela- 
tively high concentration con^])ared to the 
radionuelidc, is pn\siimed to ])hiy the major 
role in salurating tlii^ ^‘active” spots on the 
carrier or adsorber, thus reducing the amount 
of the radionuclide earrii'd or adsorbed. 

HOLD CONTROL. In television, the vari- 
able resistor that permits adjustment of the 
s>Ticlironizing oscillator until tlu* latter fre- 
quency nearly equals that of th(' incoming 
synchronizing pulses. Colloipiijilism for syn- 
chronization controls. 

HOLDING ANODE. See anode, holding. 

HOLDING BEAM. See beam, holding. 

“HOLE,’" In geiKM'al, a state or energy level 
not occupied by a particle, ])articularly when 
adjaciMit l(‘vels are filled. The term is ap- 
])lied ])articularly to the ease of I'leelroiis in 
a metal, or semieonductor, where it is more 
eonviaiient to describe an energy band as con- 
taining just a few holes, rather than as nearly 
full of ehadrons. This usage is rciiiforeed by 
the circumstance that the electrons in such 
states, near the top of a band, have anomalous 
])roperties, siieli as negative effective mass, 
whereas the holes, representing the absence of 
such anomalous electrons, arc mobile, and be- 
have otherwise as if thi*y were normal par- 
ticles (although, of course, of opposite electric 
charge). The same idea is at the heart of 
Dirac's theory of the positron, and is usifful 
in the theory of nuclear shell structure, of 
atomic energy levels, etc. 

HOLE CURRENT, An electric current in a 
semiconductor in which the carriers appear 
to have positive charges, and are hence to bo 
associated with holes in the electron distribu- 
tion. 
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HOLE DENSITY. The density of holes in 
an otherwise full band, as in a semiconductor. 

HOLE-ELECTRON PAIR. Sec cxciton. 

HOLE INJECTION. A sharp metallic point 
applied to the surface of an n-type semicon- 
ductor (see semiconductor, n-type) can emit 
holes in the bulk of the material, wliere they 
are capable of carry inp^ a ciin’cnt. This is 
the basis of the action of certain tyi)es of 
transistor. (See emitter.) 

HOLE THEORY OF ELECTRODYNAM- 
ICS. See positron theory. 

HOLE THEORY OF LIQUIDS. Liquids 
differ from solids in having a suffi(‘iont num- 
ber of unoccuiiied positions, ^‘holes,’^ in tlie 
lattice that comparatively free moveiiH'iit of 
molecul(‘s is pos*-ibl(' by niovenKmt into un- 
occupied sit('s. The volume of the holes is 
IIk' free volume. 

HOIJ.OW-CATHODE TUBE. Discharge 
tiibe‘> \\ith an alm()">])here of ineit gas hav'e 
l»c('n d(‘signe(l in which radiation is emitted 
almost exchisi\ely from the cathode glow in- 
side a hollow el('etrodc closed at one end. 
Sjiaik lim\s of the metal eoinjirising the eath- 
o(h’ occur in the spec! rum. 

IIOLOHEDRAL CRYSTAL. A crystal in 

which the lull number of facts arc de\ eloped, 
coirt'sjiondim/ to the maximum and complete 
symmetry of the system, 

HOLOMORPHIC. See analytic. 

HOMOCENTRIC RAYS. Kays liaving the 
^aine focal point. (It may be at infinity; in 
other words, the rays may be parallel.) 

HOMODYNE. See detector, homodync. 

HOMOGENEOUS. (1) A Mi])stance is said 
to 1)0 homogeneous if it has the same basic 
jiropeiiies at every jioint, i.e., if its ])roperties 
are indei)endent of position. (2) In mathe- 
matics, a term used with several different 
meanings. (See function, homogeneous; 
equation, homogeneous; differential equa- 
tion, homogeneous; integral equation; bound- 
ary conditions, homogeneous.) 

HOMOGENEOUS MULTIPLYING SYS- 
TEM. A nuclear reactor in which the fuel is 
liomogeneously distributed throughout the 
moderator, as, for example, a uranium salt 
dissolved in water. 


HOMOMETRIC PAIRS. Two crystal struc- 
tures having the same X-ray diffraction pat- 
tern. This is })ossible becau'-e, basically, a 
diffraction ])attcrn depends only on the rela- 
tivT VTctor disiances betw^een the atom.s in 
the lattice, not on their absolute positions in 
space. 

HOMOPOLAR BOND. A rovahnt bond 
(see bond, covalent) which has no resultant 
dipole moment. 

HOOK-COIXECTOR TRANSISTOR. See 
transistor, hook-collector. 

HOOK, P-N. A current-multiplying collector 
region formc'd by the insertion of an addi- 
tional junction between the ba^e and collector 
terminals of a jiinelion transistor. (Sec 
transislor, junction. ) The “ho()k”-.sliaped, 
])()f('nlial gradient diagram resulting from this 
configuration permits (‘arrier multi))licalion 
and lesiiltant high v’ahn's of a or current gain 
(ill excess of unity). 

HOOKE LAW. The law^ relating small de- 
formations of elastic fiodios to the afiplicd 
stress The elongation, comiiression, or -hear, 
called the strain, is jiroportional to the stress 
(force })ir unit area) wdihin the elastic limit. 
(Sec* stress.) 

HOOPES CONDUCTIVITY BRIDGE. Sec 
bridge, Hoopes conductivity. 

HOP. The p.ath taken by a radio w.avc wdiieh 
reaches the jiuiiit of reception after oik* or 
more refleetions from the ionosphere. 

HORIZONTAL BIANKING. The interrup- 
tion of tin* elertron beam of a cathode-ray 
tube (Iiiniig horizontal retrace. 

HORIZONTAL CENTERING CONTROL. 

A control that enables the ojicrator to move 
a cathode-ray iinagi* in a right or left diree- 
lion across the screen. 

HORIZONTAT. DEFLECTING ELEC- 
TRODES. The pair of electrodes Iocat(*d in 
the v^ert ical plane in an electrostatic-deflec- 
tion cathode-ray tube which arc used to pro- 
duce l)eam deflection in the horizontal plane. 

HORIZONTAL FLYBACK. Sec horizontal 
retrace. 

HORIZONTAL HOLD CONTROL. The 

control w'hich v^aries the free-running period 
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of the horizontal -deflection oscillator in a tele- 
vision receiver. 

HORIZONTAL LINE FREQUENCY. In 

television, the nuinber of horizontal linc*^ per 
second: 15,750. 

HORIZONTAL RESOLUTION. In tele- 
vision, the number of light variations or pic- 
ture elements along a line, which can be dis- 
tinguished from each other 

HORIZONTAL RETRACE. In ( athode-ray 
equipment with linear, horizontal time-baM‘, 
the rapid right -to-left motion of the electron 
beam at the end of each sweep. 

HORIZONTAL SWEEP. Sweep of an < lec- 
tron beam in the horizontal plane. 

HORN, ACOUSTIC. A tube of varying cro'^s 
section having ditT(*ront terminal areas which 
provide a ( hange of acoustic impedance (s(‘(‘ 
impedance, acoustic) and control of the di- 
rectivity pattern. 


ventional antennae and with wave guides, but 
in either case they serve to direct the radiation 
in a pattern from the open end of the horn 
in a manner determined by the dimensions of 
the horn. The impoi^ant dimensions are the 
horn opening (in terms of w'avelcngth of the 
radiation) and the flare angle. Wliile the- 
oretically an infinitely long horn wdll give a 
radiatiem pattern who.sc angle conforms to 
tliat of the liorn, those of praclical length do 
not confine the beam to finite this degree. 
For example a horn with an angle of 15® 
mav gi\(* a radiation inittcrn wdiich spreads 
‘Jo"". For type*- of cl(‘ctromagnctic horns, see 
horn, biconical; horn, pyramidal; horn, sec- 
toral, etc. 

HORN EQUATION, FUNDAMENT AI.. The 

efjiiation for the ^elocity potential cf) at a 
point .r along a horn is given by 


HORN, BICONICAL. An elect romngnetic 
horn, consisting of two coik's with their 
vertices coinciding or afljacent. This hoiai 
gives a uniform iiattcrn in a plane perpen- 
dicular to the axis and highly directional in 
any jilane coniaining (he axis 

HORN, COMPOUND. (1) A loudspeaker 
system consisting of a single diaphragm mech- 
anism wdth one side' of IIk* diaiihragm cou[)le(l 
to a straight-axis liorn and Uk' other skP^ 
coupled to a long, folded horn. (2) An elec- 
tromagnetic hoiii (sec horn, electromagnetic) 
of rectangular cross section, the four sides of 
w'hich diverge in such a wniy as to coincide 
w’ith, or lo apju’oach four ])Uincs, with the 
provision that tlic line of iu(ers(‘ctiori of two 
oj)})ositc {)lan(‘s does not intf'rseci tlie line of 
intersection of th(’ rt'maining phines The 
electromagnetic field in such a horn is not 
simply cxiiressed in terms of a lamilv of 
cylindrical coordinates or a family of spherical 
coordinates. 

HORN, CONICAL. A honi wdiose cross-sec- 
tional area increases as the square of the axial 
length. 

HORN, ELECTROMAGNETIC. IToin ra- 
diators are used to obtain diiT^-tional radiation 
characteristics which could be obtained 
as conveniently witl* siniple antennae. As 
such directors they are used both with con- 


vsheie S = cross-sf'ctional area of horn at .r, 
c - v(‘l()ei(y of sound. 

HORN, EXPONENTIAI.. A horn whose 
(•iosv-v(M*ti()iia) area increases expommtially 
wilh axial distance'. 11 N istlu' arc'a of a jdane 
sf'clion nonual to the axis of ♦]!(> Iu>rn at a 
dislanct' Irom tlu' Ihroal of tin* horn, and 
No the area of tin' ])lane '-('(*( iem normal to 
(Ih' axis of tin hoin at th(' thi’oat, and in is a 
constant wliit'h dctcrmiiKs tlu' rate* of tajier 
f)f llarc' of the horn, (lu'ii 

O .nt r 

n - *>()( 

(Sec also horn, finite exponential.) 

HORN, FINITE CONICAL. A hoin con- 
sisting of a tiuncaled right circular cone of 
finite ienglh The acoustical impe{lancc at 
the throat of such a liorn, Zn, is expressed by 

r sin A'(/ - ^? 2 ) ] 

tZjo — 

sin k 62 
pc 

+ - sin hi 

**'i ^ sin k{l -|- + 62 } 

sin kOi sin kd 2 
ipc sin k{l + 

_ I ^2 sin kdi . 
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where **^1 is the area of the throat in cm^, S2 is 
the area of tlie mouth in cm^, I is the length of 
horn in cm, kOi is tan~^ (kxi), kSo is ian~^(A*j*2), 

Ti is the distance from apex to throat in cm, 

j2 is the distance from apex to mouth in cm, 

k is 2 Tr/\, X = wavelength in cm, r is the 

velocity of sound in cm/sec, p is the demsity 
of air in gm ''cm'\ and Z12 is the acoustic im- 
pedance at the mouth of tlie liorn in acous- 
tical ohms. 

HORN, FINITE CYLINDRICAL. A horn 
consisting of a right circular cylinder of finil(‘ 
length The acoustic iinpcdaiic(‘ at the throat 
of such a horn, Zn, is given by 

pr 12 cos hi -f ipr sin hl\ 

1 ~ I ~ — — ) * 

'/N|Zi2 sin d* pc cos kl/ 

where p is the densitv of air in gm/(‘m^, k is 
27r/'X, X is the wa\elenglh in cm, c is the \('l()c- 
ily of sound in cm S('c, Si is the croSvS-S('ctional 
area of cylinder in cni“, I is the length of horn 
in cm, and Z \2 is the acrmslic impedance at 
th(' mouth of tlie horn, in acoustical oluns. 

HORN, FINITE EXPONENTIAL. A horn 
with a circular cros^-s(‘ction, tlie area of wliieli 
is gi\(‘ii by *S - Nic'”*', where Ni is the area at 
the throat and x is the distance inoasurefl 
along the axis of tlie horn. The acoustic im- 
pedance at the tliioat of sucli a horn, Zn, 
given by 


>^2-^42 1 cos {hi T H" ^pc sin hl\ I 
^hi hi + pc cos {hi — 0) J 

vliere Si is the area of tliroat in ern^, S* is the 
area of mouth in cm^’, / is the length of horn 
in cm, Z12 is the acoustic impedance at Ihe 
mouth, in acoustical ohms, 6 is tari'"^ a/b, a is 
in '2, b is — ?/i^, k is 27r/X, X is the 

wavelength in em, p is the density of air in 
gm/cm’*^, and c is the velocity of sound in 
cm /sec. 

HORN, FOLDED. A horn in which the path 
from throat to mouth is folded or curled, so 
that a larger path length is obtained for a 
given volume. 

HORN, INFINITE CONICAL. A horn con- 
sisting of a truncated rigid circular cone of 
infinite length. The acoustic impedance Z4 
at the throat of such a horn is given by 

pc ikxi 

Za = ^ 

Sil + kxi 


7 > 


where Xi is the distance of the throat from 
apex in cm, Ni is tlie area of throat in cm“, 
k is 27r/X, X is the wavelength in cm, p is the 
density of air in gin cm'^, and c is the velocity 
of sound in cm /sec. 

HORN, INFINITE CYLINDRICAL, A horn 
coiiMsting of a right circular cylinder wliich 
extends to infinity in one direction. The 
acoustic impedance of such a horn, Za, is 
giv(‘n hy 


when* p is tin* dcaisily of air in gm cm‘^, c is 
th(‘ velocity of sound 111 em/see, and aS, is the 
eros^*-sof ( ioiial area of hoiii in ern‘/ 


HORN, INFINITE EXPONENTIAL. A 

horn with a circular cros^-s('ctiou and infinite 
length (ie, of leiigtli A) area is 

given by A' where S^ is tlie area at 

throat, in cm-, x is tlu* fh^tance measured 
along the axis of the horn in cm. The acous- 
tic inuH'danee at the throat of such a horn, 
Z ( , iv gi\ en by 


^^1 


2 ikpc 

Si\/n + iy/ \k^ — in^] 


wh(‘re p ^ deaisity of air in gm/(‘m*'', k is 
27r^X, X is the wa\elongth in ern, and c is the 
voloeitv of sound in cm /see. 


HORN, INFINITE HYPERBOLIC. A horn 
whos(* cross-sectional area along the axis is 
expressed hy 


= S^ (cosh a. + T sinh «)“, 

where T is tlie family iiararneter; in the hyper- 
bolic liorn, T < I, CY is .r j’o, the dimensionless 
axial dislanet*, .r is the axial distance from 
throat in em, is tlie reference axial distance 
in (*m, and *S'i is the luvn at throat in cm. 

Th(' acoustic impedance at the throat of 
such a horn, Z ,, is given by 



where p is kxo, k being 27r/X and X, the w^ave- 
length in em. 


HORN, INFINITE PARABOLIC. A hom 

whose cross-section area S is given by 
aS where Si is tlie area in cm* at 
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the throat {x ~ Xi). Tlie acoustic impedance 
at the mouth of such a honi, Zj, is given by 

ipc Jo(kx) — iVoiki) 

^ “ si 'j'oikx) - 

where Jo is the Bessel function of the fusi kind 
of ()r(l( 3 r zero, is the Bessel fund ion of the 
second kind of order zero, J'o, Y\) arc deriva- 
tives of J(), yo, respectively, p is the density 
of air in gm/cm^, c is the velocity of sound 
in cm/sec, A: is 27r/X, and X is the wavelength 
in cm. 

HORN, HYPEX. See hypex horn. 

HORN LOUDSPEAKER. Sec loudspeaker, 
horn. 

HORN MOUTH. Noriually the end of an 
acoustic horn with the larger cross-sectional 
area. 

HORN, MULTICELLUl.AR. A clust( r of 
horns v\itli juxtaposed mouths wliich lu' in 
a (‘oiiiinon surface. The purpose of th(‘ clustiu' 
is to control the directional pattern of the 
radiat(‘(l energy. 

HORN, MULTIPLE CHANNEL, MULTI- 
PLE-. A loudspeaker system consisting of a 
low-fieciuency folded horn unit and a multi- 
cellular horn unit for the reproduction of the 
liiglier frc(nicncios. 

HORN, PYRAMIDAL. An electromagnetic 
horn (see horn, electromagnetic), the sides 
of which form a i)yrami(l. The electromag- 
netic field in such a horn would be expressed 
basically in a family of splicrical coonlinatcs. 

HORN RADIATOR. A radiating element 
having the shape of a horn. 

HORN, SECTORAL. An electromagnetic 
horn, two opposite sides of wliich arc fiarallel, 
and the two remaining sides of wliich di\’erge. 
The electromagnetic field in such a horn 
would be expressed basically in a family of 
cylindrical coordinates. 

HORN, SINGLE CHANNEL, MULTIPLE-. 
A loudspeaker system consisting of a large 
numlier of multiple flare horns, each driven 
by a diaphragm. 

HORN, SINGLE CHANNEI, SINGLE-. A 
loudspeaker system co.osisting of a single horn 
driven by a single diaphragm. 


HORN SOURCE, CONICAL. A sound 
source consisting of a plane circular surface 
source (see source, plane circular surface) 
vibrating at the throat of a finite conical horn. 

HORN SOURCE, EXPONENTIAL. A sound 
source consisting of a plane circular surface 
sourie (sec source, plane circular surface) 
vibrating at the throat of a finite exponential 
horn. 

HORN SOURCE, PARABOLIC. A sound 
source consisting of a plane sound source (see 
source, plane) (either circular or rectangular) 
vibrating at the throat of a I'nite parabolic 
horn (of either circular or rectangular cross- 
section). 

HORN THROAT. Normally the end of an 
aeoiislie horn with the smaller cross-sectional 
an ‘a. 

HORNER METHOD. A method of succes- 
sive ayiproximations for finding the approxi- 
mate valiu‘ of an irrational root of a poly- 
nomial equation. Locate the root bet with 
successive integiu’s; tlie small(‘r integcT the 
integral part of (he root. Now transfomi tlu* 
given (‘riuation P(x) - 0 into auotluM' ('(|ua- 
fion P](.r) 0, whose roots are thosi' of 

Pt.r) 0 dimiiiislied by the iiitc'gral part of 
the root, so that Pjix) — 0 has a root be- 
tween 0 and 1. Locate the root between suc- 
cessive tenths; the smaller tentli is the tenths 
pait of the root. Continue this ])rocess as 
long as desired, transfonning (‘acli time to 
a n('w equation Piix) = 0 and fimiing the lo- 
cation of the roots as bo fort*. Synthetic di- 
vision should be used for the various trans- 
formations. 

HOROPTER. The locus of those points in 
the field of binocular vision which are seen 
single; the images of which fall on the cor- 
re.sj)onding retinal points. 

HORSE LATITUDE. The regions of cairns 
in the subtropical anticyclone belts. 

HORSEPOWER. (1) Historically, the rate 
at which a horse can do work. (2) Defined 
by James Watt as 33,000 ft Ibf/min, equiva- 
lent to 746 watts. 

HORSEPOWER, FRENCH OR METRIC. 

A unit of power defined as the power required 
to raise 75 kilograms through one meter in one 
second. 
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Hot” - Hund Rules 


"HOT.” A colloquial term meaning highly 
radioactive. 

HOT CATHODE (THERMIONIC CATH- 
ODE). See cathode, hot (thermionic cath- 
ode). 

HOT-CATHODE TUBE. See tube, hot- 
cathode. 

HOT-WIRE METHOD FOR HEAT TRANS- 
MISSION OF GASES. A method for deter- 
mining the thermal conductivity of a gas, con- 
sisting in the measurement of tlie tem))erature 
diflVrenco between a heated wire and a cyl- 
inder placed coaxially with it, the space be- 
tween containing tlie gas. Gorreetions are 
necessary for end-cQects, for tlie accommoda- 
tion coefficient li I he wire and for convection 
anti radiation. Convection effects become 
^ery small below a iiresMire of about 13 cm 
of mercury. 

HOT-WIRE MICROPHONE. See micro- 
phone, hot-wire. 

HOUR. One twenly-fourth part of a mean 
solar day, 3600 seconds. 

HOWL. Acoustic output of a receiver or 
sound sy^-tem dm* to an unde^'irable elect lical 
or at'oustic feedback at some point in the 
^vstem 

HUBBLE CONSTANT. The recijirocal of T 
in the e(|uati()ri d ~ vT, where v is the veloc- 
ity of recession of a galaxy which is at a dis- 
tance d. T — 3 X ^ 6 ^ years i'- sometimes 
called the age of the universe, although there 
1 ^ no evidence tliat the naiiK* should he taken 
literally. 

HUBBLE LAW. Sim* discussion of red shift. 

HUBNER RHOMB. A rhombic gla^s prism 
used for comparison of two illuminated sur- 
faces in photometry. 

HUE, The attribute of color perception that 
determines wliether it is red, yi'llow, green, 
hliie, purple, or the like. This i^ a suhjeetive 
term corresponding to the psychophysical 
term dominant (or complementary) wave- 
length. White, black, and gray are not con- 
sidered as being hues. 

HUE CONTROL. See phase control. 

HUM, This is the annoying 60- or 120 -cycle 
tone, or some harmonic thereof, sometimes 


heanl in the output of communication equip- 
ment. It may be introduced in the circuit in 
a number of ways, inductive or capacitive 
coupling with adjacent circuits carrjung 60- 
cycle current, by the use of a-c for licating 
the filaments of vacuum tubes or by induced 
effects from the heaters of indirectly heated 
tubes, by improper filtering of the output of 
the rectifiers sup})lying the d-o voltages for 
the ojieration of the system, etc. 

HUM MODULATION. S(*e modulation, 
hum. 

HUME-ROTHERY RULES. When alloy sys- 
tems form distinct phases, it is found that 
the ratio of (lie number of valence electrons 
to the number of atoms is characteristic of tlie 
})ha'>e (e.g , ft-, y-, c-) whatev"*r the actual 
(deimaits making up the alloy. Thus, both 
Na-.iJd)s i\r\ii Ni^Znoj nre y-s1ructurGS, with 
th(* eleetrnn-atom ratio 2J :13. The rules are 
(‘\])lain(‘(l by the t('n<lcn(‘y to form a structure 
m which all the Brillouin zones are nearly 
full, or else entirely emi)ty. 

HUMIDIFICATION. A process for increas- 
ing the water eoatent of air or other gases. 

HUMIDITY, ABSOLUTE. The mass of 
water vaiior in a speeihed volume It can he 
( xj^re^sed ill any convenient units: ounces 
per eu yd; grams jier cu meter. lOxamplc: 
22 grams per cu meter. 

HUMIDITY, RELATIVE. The fraction or 
]ierceiitagc of the actual vapor jiressurc of 
the wab'r vapor coniained in the atmosphere 
at a gi\en tem))eruture, to the maximum or 
saturated vapor prc’ssure of water vapor at 
the same temperature. 

HUMPHRIES EQUATION. An expression 
for the ratio of specific heats of moist air, of 
use m the calculation of the velocity of sound 
ill the atmosphere: 

= 7 = 1.40 - OAc/p, 

where 7 is the ratio of spoeifie heats, p is the 
total atmospheric pressure, e is the water vapor 
pressure. 

HUND RULES (FOR DETERMINING 
NORMAL TERM). For elect ronie configura- 
tion^ containing equivalent p- or d- electrons. 
ITund suggested the following rules: 

( 1 ) The normal term is that with highest 
value of the multiplicity. ( 2 ) For atoms in 
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whicJi the valence shell contains less than half 
the maximum number of electrons the deepest 
component of a rnultiplct is that for which 
t/ = L — S, that is, J has the lowest possible 
value. Such imiltij)l(ds are known as regular. 
(3) When the shell is more than half-filled, 
the component of the miiltiplet which has 
lowest energy is that for wdiich J — h 
that is, J has the liighest value. Such multi- 
jdets are designated as inverted. 

HUNTING. A condition of instability, as 
for example in a mechanical system or an 
automatic-control system, whi(‘h is essentially 
an uncontrolled oscillation due to cxca\''sive 
feedback or underdamping. The oscillator 
swings about a prcdetcTinined reference ])oint 
without seeming to approaeh it. 

HURRICANE. Over all oceans, near the 
equator, wilh the exception of the South At- 
lantic, there develoj) occasionally tro])ic:d 
cyclones ^^hicll are intense vortice's eovtu’ing 
relatively large areas. All are the sium* type 
of storm. Surface pressure in a luirricane is 
very low at the ecaiter or eye of the storm 
but rises rai)idly outward lowai’d tin' peri])b- 
ery. Because of the larg(‘ pressure gradient, 
wiiuLs ar(‘ of high velocity, blowing counter- 
clockwise in the northern hemi.s])here and 
clockwise south of the ef|iiator. 

HURTER AND DRIFFIELD CURVE. Sec 
H and D curve; exposure-density relationship; 
see also gamma. 

HUYGENS EYEPIECE. See eyepiece, Huy- 
gens. 

HUYGENS PRINCIPLE. A well-known 
method of analy>is aj)i)l]ed to problems of 
wave propagation. It recognizes that eacli 
point of an advancing wave front is in fact 
the center of a fre<li di'>tnrbance, and the 
source of a new train of Avaves, and that the 
ad^ancillg wave as a whole may be regarded 
as the ri'sultant of the secondary waves aris- 
ing from j)oints in the medium already tra- 
versed, This viewv of wave ]n’opagatif)n facili- 
tates the study of various phenomena, such 
as diffraction. 

HmCENS REVERSE WAVE. It has been 
objected that Huygens principle wmuld also 
result in a disturbance tra" • ling liackward. 
It can be shown that the an plitude of the 
reverse wave at any given i)oint is half the 
amplitude which would be produced by the 


first wave alone. Since the inclination factor 
for the w^ave traveling in the backward direc- 
tion from the first zone is zero, the whole 
am})lilude of the reverse w’avc is zero. 

HYBRID COIL. The bridging transformer 

used in coupling a tw^o-way telephone circuit 
to the r(‘p(*ater station or for coupling two 
one-w'ay circuits to a twm-wuiy circuit. The 
coil is M) w'ound that w^hen the line is ])roperly 
balanced by a balancing netw'ork there is no 
reaction Ijctw’eeii the out} ait and input con- 
nections of the transforiiH'r 

HYBRID EI.ECTROMACNETIC WAVE 
(HEM WAVE). See wave, hybrid electro- 
magnetic. 

HYBRID JUNCTION. See junction, hybrid. 

HYBRID RING (RAT-RACE). A hybrid 
junction whicli coiisisih of a re-(‘ntrant line 
of profier elecirical length to su'^tain ^standing 
w'av(‘s, io which four side-iiranches are con- 
lua'ted ill jiroper inleiwals by means of series 
or parallel junctions. In the iiractieal form 
of thih device, a waveguide is used for the 
line. 

A rr()ss-s(‘cti()nal vi(‘w, iakon through a 
plane jiarallel to tlie ('h'ctrh' fa'ld, of a sc'ries- 
connected ring is showui below'. When pow’er 
(‘iilerrt the ring through arm 1, ua\’es of equal 
amplitude, but oppo'^iti* phas(‘, leave the junc- 



tion and move around the ring in opposite di- 
rections. They meet at junction 4, which is 
diametrically opposite, and produce a voltage 
node at that point. Other voltage nodes ap- 
pear at points 2 and 6, whereas voltage anti- 
nodes appear at points 1, 3, and 5. Since 
power flows into a branch line, connected 
through a series junction, to a point on the 
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main line at which there is a voltage node, 
power is delivered to the side arms at 2 and 4. 
If the side arms are terminated in their char- 
acteristic impedance, equal amounts of ])ower 
are withdrawn through arms 2 and 4. Waves 
moving past 2 towards 3 and past 4 toward 
3 therefore are atlenuated equally and, since 
junctions 2 and 4 are identical, (lie weaves ex- 
perience equal phase-shifts. Tlie two waves 
therefore arrive at ])oint 3 with equal ampli- 
tudes and jihase, and still produce a voltage 
antinode. Bec-anse no power is delivered to 
a side-arm connected through a scries junc- 
tion at a \oltage antinodc (current node) no 
] lower is deliverc'd to the side-arm at 3. 

If the [lower enters the ring Ihroiigh arm 2 
and the n'lnaining arms are terminated in 
their charaeteri^lic im]icdances, voltag(‘ min- 
ima ajipi'iir at points 1 and 3 and a voltage 
maximum al [loinl 4 Kcpial amounts of 
power aie (hen didivercd lo arms 1 and 3, and 
no jiowc'r to arm A. 

HYBRID TKE. A hybrid junction (see jimc- 
lion, hybrid) cominised of an E-H tee with 
internal matching elements, winch is rellcc- 
iioiilcss for a va^e propagating into the junc- 
tion from any arm \\li(‘n tlu' other tlir(*e arms 
ai’c match terminated. 

HYBRIDIZATION OF EIGENFUNCTIONS. 

Stiietlv speaking, this term means any linear 
comhinatioii of tlie eigenfunctions of one jirob- 
lem used to reiire-ent an eigenfunction of an- 
other prohhau. It is apiilied to jirohlems of 
(docironie bonding, where the tnie bonding 
orbitals may be hybrids of, for example, both 
and p type atomic orbitals. 

HYDRATED ION. An ion which is in com- 
bination witli one or more water molecules, 
as H+ (11,0), or 11,0^. 

HYDRAULIC RADIUS. The ratio of the 
iToss-sectional ari‘a of flow to the wetted 
]i(n*imeter of a pipe or channel. By using tlie 
hydraulic radius, flow in pipes and channels 
of different sections may be conv(micntly cor- 
related. The success of the method implies 
that the shear stress on the walls is nearly 
constant. This constancy is due to the pres- 
ence of a secondary flow in non-circular chan- 
nels, whose origin is not well understood. 

HYDRAULICS. The science of tlic dynamics 
and statics of liquids, particularly water, in 
connection with engineering problems. 


HYDRODYNAMICS. The study of the dy- 
namics of fluid motion, csyiecially the stcaily 
motions of an incomiiressible, inviscid fluid. 

HYDROGEN. Caseous ekmient. Symbol H 
Atomic number 1. 

HYDROGEN ELECTRODE. See electrode, 
hydrogen. 

HYDROGEN, ISOTOPES. Three i&otoiics of 
hydrogen are known: protium which has a 
mass of 1 0075() (on the cliomical atomic 
weight scale) is by far the most abundant 
isotope and is denoted by the symbol p or IF; 
deuterium whicli has a mass of 2.01 3G (on th(' 
chemical atomic weight scale) and denoted 
by the symbol d, D or 11^; and tritium which 
has a mass of 3 0221 (on the chemical atomic 
weight scale) and is deniit(‘d by the symbol 
I, T or IP. Deuterium is called heavy hy- 
drogen. 

HYDROGEN, ORTHO AND PARA. Two 

forms of hydrogen, which constitute about 
TfiC , and 2.V/r , respectively, of ordinary" hy- 
drogen at room tempi^raiure, and which difTer 
somewhat m their jihysical jiroperties, espe- 
cially in tlic'ir specific heats. At veiy low 
t(‘mperatni(‘, as lor licpiid hydrogen, the [lara 
form is jircsont to the extent of 09 7 [( . The 
difiVicncc betwccMi th(‘ tw'o forms is explaiiK'd 
on the assum])tion that the two nuclei in th(' 
ID molecule are siiiiming in antiqiarallel di- 
rections in the case of para hydrogen and in 
parallel directions in ortho hydrogen 

HYDROGEN SCALE (FOR ELECTRODE 
POTENTIALS). Since there is no reliable 
method for determining the ah-^olute potential 
of a single electrode, electrode potentials arc 
measured against a refeiamco electrode whose 
jKitential is arliitrarily taken as zero. The 
arbitrary zero in general use is the potential 
of a reversible hydrogen electrode, with gas 
at 1 atmosphere [iresvnre, in a solution of hy- 
drogen ions of unit aclivit>a 

HYDROMETEORS. Condensation products 
of atmospheric processes often ap^iear as hy- 
droineteors or bodies of falling liquid and 
Solid water. (See rain, snow, drizzle, sleet, 
hail, snow pellets, hail (small).) 

HYDROMETER, An instrument for meas- 
uring the density of liquids. Essentially, it 
is a long slender glass float, weighted at the 
lower end so that it floats in the vertical posi- 
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lion and provided with a scale incasurin" 
depth of immersion. If the float section at 
the fre(‘ surface i^ constant, the depth of 
immersion is a liiK'ar function of the recipro- 
cal of density. 

HYDROPHONE. An electroacoustic trans- 
ducer (sec transducer, electroacoustic) which 
resj^onds to water-borne sound wa\e.s and de- 
livers os.scntiaiJy eipiivalent electric waves. 
In a manner similar to the use of the adjec- 
tive “line” in the dennition of line hydrophone 
(see hydrophone, line) and line microphoiic 
(see microphone, line), the adjectiv(\s '^pres- 
sure,” "velocity,” "gradient “omnidirec- 
tional,” "unidirectional,” “carbon,” "capaci- 
tor,” "crystal,” "magnetic,” "magnetostric- 
tion,” "moving-coil,” and "moving-<*onduc- 
tor,” when ap])lied to a hydro[)hone, h,‘ive 
meanings similar to those that a])ply in tin* 
case of a microphone. (See sonar.) 

HYDROPHONE, DIRECTIONAL. A hy- 
drophone the response' of which varies signifi- 
cantly with the din'ction of the sound inci- 
dence, 

HYDROPHONE, LINE. A directional hy- 
drophone (see hydrophone, directional) con- 
sisting of a single straight line eh'iiu'iit, or an 
array of contiguous or spaced eU'ctron const i(‘ 
transducing ('haiienls disposed on a straight 
line, or tlu* acoustie equivalent of sueh an 
array. 

HYDROPHONE, SPIJT. A directional hy- 
drophone (se(‘ hydrophone, directional i in 
vvluch electroacoustic transducing elemi'iits 
are so dividc'd and arrangerl that eaeh divi- 
sion may induee a se])arate eU'ctromotive 
foree between its own electric terminals. 

HYDROSTATIC PRESSURE. Strictly, tlie 
pressure in a fluid at rest, caused by the w<*ight 
of lilt* sui)crii>i])oscd column of fluid. (%)n- 
sidcrations of cquilihrium sliow tli.at the pres- 
sure transmitted .Mcross a small surface in the 
fluid is iiulepeiident of the orientation of the 
surface. Frc(iiiently used for the negative of 
the mean normal slre.-^s in a moving fluid, or 
for the iiressure which would satisfy the eipia- 
tion of state of the fluid. 

HYDROSTATIC SOUND PRESSURE. See 
pressure, static. 

HYDROSTATICS. The study f>f the static 
equilibrium of fluids. 


HYDROSTATICS, FUNDAMENTAL EQUA- 
TIONS OF. If F is the vector force per unit 
mass due to an extiirnal field of force, 

pF = grad p 

\vli(‘re p is the hydrostatic pressure, and p 
i> the local fluid density, from considerations 
of eiiuilihrimii. If the external force field 
is a potential field, both dimsity and jiressiirc 
must he constant over equipotential surfaces 
of tJie force field. 

HYGROMETER. An instrument used to 
measure the absolute or relative wat(*r con- 
tent of air. Tlie most eonmion types arc the 
psychroincter, th(‘ liair liygrometer (see hy- 
grometer, hair), and tlu' dew-point liygrom- 
et('r (see hygrometer, dew point). There* are 
also absorption hygronu‘!(‘rs, diffusion by- 
grometers, optical hygrometers and otln'r 
types. 

HYGROMETER, DEW POINT. An insliu- 
ment which measures tlu* I eniix'rature at the* 
time of formation and e'vaporation of di'w. A 
mean e)f (he temperatuia* at time* of formation 
and evajtoration is a])])ro\imalely the actual 
dew-])oint te'm|;)e'ratui‘('. Some iu'^trume'utv 
re*(|inre viMuil o])servation of (l(*w dre)j>s ein 
the instrume'iit and the (li*-appe‘arance‘ e)f (he 
same* drops, hut e)tiier‘- use* ])hot oe'lect rie (*(‘M^ 
1e) ele'le'rmine (lie time* eif de'w feirmation and 
e'vaporation. 

HYGROMETER, HAIR. An in*^lrumeiit in 
which strands of human liair mounte’d under 
tension exjiand with increasing relative hu- 
midity and eontraet with ele*ere\asing relative 
humielity. One end of a set of stranels is fixeil 
anel the other one! operates a set of leve*rs 
who.se initial movement is magnifieel mechani- 
cally to cause a pointer or other inelicating 
eleviee to ride over a calibrated scale. 

HYGROSCOPIC. Becoming wet, or capable 
of ])oeoming wet, by absorption of water from 
the atmosplierc. Substances exhibiting this 
behavior at atmospheric temperature and hu- 
midity are called hygroscopic substances. 

HYMN 88. Commercial name for a high per- 
meability magnetic alloy having 79^^ nickel, 
4% molybdenum and the balance iron. 

HYPERBOLA. A conic section obtained by 
a plane cutting both nappes of a right cir- 
cular conical surface. It is the locus of a 
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point which moves so that the difference of its 
distances from two foci is a constant. Its 
eccentricity is greater than unity. 

The standard equation may be taken as 

= 1 

The curve is a central conic for it is sym- 
metric about both the A"- and y-ax(“^ when 
placed in this standard position and the co- 
ordinate origin is its cemtor. The transverse 
axis, coincicient with the A'-axis, is of length 
2n; the conjugate axis, along the Y-axis, has 
length 2h {b < a). The distance from the 
center of the hyperbola to either focus is 
Va- + b-; the eccentricity, e ~ \/a^ + b^/a; 
the l(‘ngth of the latiis rectum is 2b^/a] the 
equations for the directrices are x = _b.a'c, 
the same as for the ellipse The distance 
from any point on the hyperbola to a focus is 
a focal radius and tlie difference between any 
tuo foeal radii (ajiials 2a The lines y rr- 
f bx II are asymptotes to tlie hyiierbola. If 
tilt' lengtlis of the t!an^^(Tse and conjugate 
a\('s bt'eoine (‘(]iial (a b), the curve is an 
etjuilatt'ial or rt'ct angular hyperbola 


HYPERBOLIC FUNCTION, combinations 
of c*" mill i)]’o])('rl ies similai’ to those of tin* 
trigonometric functions. They are (h'fint'd 

by : ^ 

sinh e = ^ (r' - ^ ~ ^ + 1- ^ ; 

cosh 2 = ~ (C + c-0 = ’ + + • • • : 

sinh z 

tanh z = ; 

cosh z 

coth z = 1/tanh z; 
sech z = ]/c()sh z; 

(•sell z — I /sinh r. 


For real 2 , their geometric representation is 
related to the hyperbola as the trigonometric 
functions are related to a circle. The tw^o 
sots of functions are connected by the equa- 
tions 

sinh iz = i sin z] 
cosh iz = cos z ; 
tanh iz = i tan z. 


HYPERBOLIC LOGARITHM. A logarithm 
to the base e; a natural logarithm. 

HYPERBOLIC PARTIAL DIFFERENTIAL 
EQUATION. A special case of the general 
partial differential equation where B-(x,y) 
> A{x,y)C{x,]f) for all x,y. The character- 
istic curves are real and the nonnal fonn is 

dyp dyj/ 

<3X d/i 

Specification of boundary values and normal 
derivatives (Cauchy conditions) assure a 
iiiiKiuc solution iinh'ss the boundary coincid(‘s 
with a characteristic. Wlu'n the boundary is 
closed, the Cauchy conditions overdetermine 
the solution. The wave equation is an exain- 
))]e of a hyiierbolic equation. 

IIYTERBOLOID. A central quadric with 
one or two negative tenns in its eejuation. If 
then' ib only one, so that 


the surface is a hy])er})oloid of one sheet, 
giv(ui this name because any point on the sur- 
face may bo reached from any other point 
on the surface. A plane parallel to the AY- 
j)lane gives an ellipse but if the sections are 
luirallel to th(‘ AZ- or YZ-plancs the results 
are hyperbolas. When a = b, tlie sections by 
plain's .c con^taIlt are circles and tlie sur- 
faces can be generated by revolving the hy- 
perbola, .r^A/" -- — 1 about its conju- 

gate axis, the Z-axis. 

If there are two negative terms in the equa- 
tion 



the surface is a hyperboloid of two sheets, 
separated into two ]iarts symmetrically lo- 
cated abo\e and behw the planes x= con- 
stant. Traces parallel to the A"Y- and A"Z- 
idaiK's are hyperbolas and traces parallel to 
the I Z-j)lanes are ellijiscs, provided x > a. 
When h == r, the sections by planes x = const, 
are circles and a surface of revolution results 
when the hyperbola x’^/a^ - y^/c^ 1 is ro- 

tated about its A- or transverse axis. 

HYPERCONJUGATION. The description 
of the properties of a molecule in terms of 
re^'onance structures in which an atom or 
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group is not joined by any sort of bond to 
the atom to which it is ordinarily considered 
linked. Also called no-bond resonance. 

HYPERFINE STRUCTURE. In general, a 
set of very closely spaced lines making up a 
spectral line, or paramagnetic resonance line. 
There may be many causes of hyperfine sIitic- 
tiire, including: (1) For a single atomic spe- 
cies or nuclide, the occurrence of spectral lines 
as doublets, triplets, etc., due to the interac- 
tion, or coupling, of the total angular momen- 
tum of the orbital electrons with the nuclear 
spin and associated mognetic moment. (2) 
For an element consisting of several isotopes, 
the occurrence of components for each spec- 
tral line that is observable under high reso- 
lution, each isotope contributing one or more 
c()m])onents. This type of hyp('rfino struc- 
ture IS often called isotope structure to dif- 
f(‘rentiate it from tlie first type of hyperfine 
structure discussed above. 

HYPERGEOMETRIC. Name given to a cer- 
ctain differential equation and its solutions, 
studied by Gauss. (See Gauss hypergeo- 
metric equation and Gauss hypergcometric 
function.) 

HYPERON, Any i)article with mass int(‘r- 
mediate between that of the neutron and the 
deuteron. For behavior of the A"* and A® 
liyperons se(‘ the ela‘>sification of particles 
proposed by the International (Josmie-Itay 
Gongres*- in 19o.‘b and given in this book un- 
der the heading me.son. 

HYPEROPIA (HYPERMETROPIA). A con- 
dition of the eye in which parallel rays are 
focused behind the retina; farsighted. 

HYPEX HORN. An acoustic horn designed 
to give accentuated response at low fre- 
quencies. 

HYSTERESIS. In general, the phenomenon 
exhibited by a system whose slate depends on 
its previous history. This term usually refers 
to magnetic hysteresis, of importance in al- 
ternating-current machinery. Wlien a ferro- 
magnetic material such as iron is placed in a 
magnetic field, a certain amount of energy" 
is involved in bringing about its magnetiza- 
tion. If the field is a rapidly Jtcnuiting one, 
the material may become no^’ceably w^arm. 
It appears that the repeated changes of orien- 
tation in whatever it xb within the substance 


that responds to the reversals of field are 
opposed by something like viscous friction. 

A (juantitative study of the process indi- 
cates tliat, as the field intensity 11 increases, 
the magnetic induction /i also increases in a 
manner characteristic of the substance. This 
is conveniently represented by a graph, vshich 
is called the magnetization curve (see figure). 
Its initial sloj)e is the initial fiemieability 
(fio)- If // is canii'd lo soinc niaximiiin value 
II, „ and then reduced (to B lollows 

the dotted hystc'resis ciirv^e. B dues not fall 
oft as it was built up (solid lino) ; the residual 
induction B, is the induction remaining when 
II has been reduced to zero; the reverse H 
needed to reduce B to zero is called the coer- 
cive lorce (//G- From this point the cycle 
liroce(‘(ls to describe the closed curve shown 
by the dotted lines, wliieh is called the hys- 
teresis loop. The initial portion (solid line) 
is not retraced. The amount of energy con- 
verted into heat is pro})ortion:il to the area of 
the cycle 



Hystoo\sis loo]) ((lotU'd). S(;mo anpoilani iiiaKnelu* 
quantitu'S are illustrated (Bv pf nni^^ion liom “F(i- 
romagnelism" by Bozortli, Cnp\ light 1951, D. 

Nostrand Co., Inc ) 

Electric liysteresis is a somewhat analogous 
jihenomenon exhibited by dielectrics in the 
electric field and gives rise to heating in a-c 
condensers. 

Some solids exhibit what is called elastic 
liysleresis, in which the variables correspond- 
ing to II and B in tlie magnetic case are the 
stress and the strain or deformation. Elastic 
bodies such as metals operating at stresses 
below the proportional limit also undergo 
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hysteresis. If B represents positive or tensile 
stress and H represents positive strain or elon- 
gation, the action of an elastic metal under 
cyclic or reversed stress can be represented 
])y OSC'S'CS. By definition of the propor- 
tional limit the line OS should be straight; 
liowever, highly sensitive measurements show 
a slight curvature, leading to the development 
of a loop of appreciable thickness. The area 
within the loop is proportional to the loss of 
energy in a complete cycle of reversed stress. 
(Sec also magnetization curve.) 

HYSTERESIS DISTORTION. The distor- 
tion of voltage and/or current waveforms in 
circuits containing magnetic components, 
which is caused by the non-linear hysteresis 
I'tTect. 

HYSTERESIS ENERGY. The energy used 
per evcl(' of operation to overcome the effect 
of hysteresis. 

HYSTERESIS HEATER. An induction de- 
vice in whieh a cliarge or a muffle almiit the 
charge is heated ])riii(‘i|)ally by hysteresis 
losses due to a magnetic flux which is [)ro- 
(liK*e({ in it, A distinction should be made 
[)et\^een hyst(‘iv>is heating and the etihaiieed 
induction heating in a magnetic chaig('. 

HYSTERESIS HEATING. Tlie temperature 
lise caused by the exjH'ndiiure of hysteresis 
energy. 

HYSTERESIS LOOP. See hysteresis and 
magnetization curve. 


HYSTERESIS LOOP, DYNAMIC (A-C HYS- 
TERESIS LOOP, FLUX-CURRENT LOOP, 
FLUX-AMPERE-TURN LOOP). Of a core, 

the ctirve of magnetization versus applied 
magnetomotive force per unit length obtained 
when the magnetic material is cyclically mag- 
netized at some specified rate. The macneti- 
zation at any instant is the average flux den- 
sity over the entire core section. The applied 
magnetomotive force per unit length at any 
instant is that required to ])rovide the flux 
and rate-of-change of flux implicit in the test 
or operating specifications. 

HYSTERESIS LOSS. Since the change of 
magnetic energy acconij^anying a change of 
magnetization is dE — HdB per unit volume, 
a cyclic change requires the total expendi- 
ture of 



~ area inside the BIJ curve followed. 

This energy is eonvei*1(‘d to heat and is called 
“hysteresis loss.” 

HYSTERESIS, ROTATIONAL. If a disc of 
magnetic material is placed in a magnetic 
field parallel to a diameter, and rotated 
slowly about an axis pen)endicular to the 
disc, the hysteresis of tin' material makes the 
magnetization noii-])arallel to the ay)plied 
field. This results in a resisting torque, L, 
and tlicrefore net energy loss per rotation of 
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1. (1) Areal moment of inertia (I). (2) 

Moment of j)hoto^;;ra])hic plate (t). (3) Van’t 

Hoff factor (/). (4) Ionic strcnjiilh (/). (5) 

Vapor pressure constant (0- (ff) Nuclear 
mechanical maf'ficlic moment, or sj)iii (pian- 
tum number (/). (7) Uadioaclivity, initial 

(/o), at time t (I). ((S) ('andlepowcr or lu- 
minous intensity (7). (9) Iritej;ration con- 

stant for free energy (Gihb^) equation (7). 
(10) Total electron emission (saturation) 
Ha). (11) Conduction curnMit (/). (12) 

Av(M*age current (lav, 1). (13) Convection 

current (7). (II) Kffective rms curnait (7). 
(15) Instantaru'ous current (/ or 7). (Iff) 
Maximum curnmt {T,„fiT or 7„, )■ (17) P(*ak 

current (7p, 7, 7^^). (13) Saturation current 

"(78). (19) Imaginary unit, \/ —i (?). (20) 

Unit vector in X-direction (i). (21 ) Acoustic 

intensity (7). (22) Angle of incidenci* (/). 

(23) Isotopic fine stnicture (i). 

IC. An abbreviation u<ed to indicate an in- 
ternal connection. 

ICE CRYSTAL CLOUDS. At temperatures 
below about lo'^F water vapor clianges to 
solid water dii-ectly without the intermediate 
li(|uid-w'at(‘r stage. Cloud particles form <li- 
rectly on sublimation nuclei a^ ice crystals, 
and such clouds ai'C‘ then composed of ice- 
cryslal particle'^. Chrro-form clouds arc of 
the ice-cr>^slal group. 

ICELAND SPAR. See calcite. 

ICI. Superseded by “CIE.” 

Lo- Symbol for the collector current of a 
transistor measured with the emitter ojien- 
circuited. 

ICONOSCOPE. A camera tube (see tube, 
camera) in wdiich a high-velocity eh^ctron 
beam scans a photoactive mosaic wdiicli ha.s 
electrical storage capability. This Torn of 
tube is used in televi^ion. The scene to be 
transmitted is focused on the i lo^aic consist- 
ing of very many minute phot ^electric cells. 
They may be formed by various jiroces-^es, 
such as treating a shict of mica with silver 


oxide, and reducing the oxide to silver in such 
a way as to form many little globules of 
silver, which are then photosensitized by 
treatment with cesium or similar metal. The 
sc( iiv falling upon this mosaic causes the pho- 
tosensitive ])articles to emit electrons propor- 
tional to the light falling upon Miern. In the 
process the paidicles of silver are charged, to 
be periodically discharged by the scanning 
beam of electrons wdiich is swept back and 
forth across the ])icture iiiilil ev(Ty ])article 
has lieen touched in secpK'nce. This electron 
l)eam restores the negative cliarge wdiich the 
photoelectric action had nanoved. This sud- 
den r(‘s( oral ion of charge gives a jiulse of cur- 
rent in the circuit conn(‘cled to the other plate 
of the little condenser, i.(^ , the backing con- 
ductor. This ])ulse nnanitude depends upon 


Sensitized 



how many electrons had to be restored and 
hence u])on the brilliance of the picture at that 
point. Since the charges are restored in se- 
(|uence there wdll be a secpience of pulses in 
the output circuit which rejiresents the orderly 
dissection of the picture into minute parts for 
transmission. (Sec figure.) 

ICONOvSeOPE, IMAGE. See image icono- 
scope. 

ICONOTRON. See image iconoscope. 

ICW. An abbreviation for “interrupted con- 
tinuous w’ave.” (A continuous w'ave that is 
interrupted at a constant audio- fretjueiicy 
rate.) 
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IDEAL BUNCHING. The idealized con- 
dition in velocity-modulation tubes which 
would produce electron bunches containint>: 
electrons all of the same velocity and phase 
(i e., all would pas^ a given point simultane- 
ously). 

IDEAL GAS. See gas, ideal. 

IDEAL GAS LAW. An “ideal would, 

if kei)t at a constant temperature, behave a-- 
res})ects volume and j)re^sur(‘ in strict accord 
with the Boyle law. If mnv the t(‘mj>eratm-(* 
is also allow'ed to vary, we must combine tlie 
law of Charles (or of (biy Lussac) with 
Boyle’s law, yielding the Boylc-Charles law: 

pi' = Poi'oO + ( 1 ) 

in which jJoVo is the value of th(‘ pressun*- 
volume product pv when the tempcTat uh* f is 
zero, a is tlu' coetlicicmt of e\])ansion of tlu' 
gas, ])racti(‘allv tile sanu' tor all gasc's, and in 
the idi'al cast‘ ecpial to the n‘cij)ro(‘al of the ab- 
solute temjieratiin' of the seaU' zero If the 
centigra<l(' scale is used, the value of a is 
api)ro\imal<*ly 1 ^27.*^ 2 per <i(‘gree. Substi- 
tuting this, lV| (1 ) may l)C‘ wrilten 

V()l\) 

pv = - At 4 273.2'’), (2) 

273 2° 

which is one exin-e^'sion for the ideal gas law. 

The factor / + 273 2"^ will 1)(‘ recognized as 
the absolute leniperature T ol 1h<‘ ga^. An I 
since tlu' i(l(’al gas obe\s Boyle’s law\ the 
product po/’o i*" coii‘-(ant how'e\er po ami Vo 
may \ary between them^el\(s AW may thus 
(lenol(‘ th(’ (‘odheumt puro'27',V2° by a single 
constant symbol, sav Ry and tin' ideal gas 
equation then tak< s the usual form 

pv - RT. (3) 

The value of R depends, of course, upon the 
quantity of gas used, since at any pressure po 
it is proportional to tlu' volume Co- For 1 gram 

g enr' 

of air, R cciuals about 2,81)8,000 

see“ deg 

the zero of temporaturo and at any given pres- 
sure poj the gram molecular w^eights, or moles, 
of all pure gases have ocpial volumes. (This 
follow^s from the Avogadro law.) Hence if 
one mole of any pure gas is used, R will alwa 3 "s 

have the same value, in e.g.s. units about 
2 

g cm 

8.314 X BF — ;; ; which is called the “ideal 

sec“ deg 


gas constant.” IMan^'^ phvsicnl formulae in- 
volve a quantit.y which ma^' be regarded as the 
ideal gas eonstant per molecule, that is, the 
abov’^e* molar gas constant divided by tlie num- 
ber of molecules in a mol, 6.004 X 1(F‘\ giving 

1.3805 X 10~^*' — — . This is the Boltz- 

sec'^ deg 

mann constant. 

Since actual gases, even tho^e wdth the 
simpU'^t molecules, hydrogen and helium, do 
not obey the ideal gas law exact various 
empiiical eejuations of state or cluiracteristic 
c(|uations have b(‘en de\i^etl to reiire^ent their 
behavior. 

IDEAL GAS TEMPERATURE SCALE. See 
temperature scale, gas. 

IDEAL SOLUTION. See solution, ideal. 

IDEAL TRANSDUCER. Se(‘ transducer, 
ideal. 

IDEAI. TRANSFORMER. See transformer, 
ideal. 

IDEMFACTOR. A unit dyadic .4, with the 
jiroperties 

— aiai + ajao + a.ja.j 

and 

- \ 

wdieiH' ai is a unit vector and V is any vector. 

IDEMPOTENT. An operator, generally a 
matrix, wdiieh satishes the relation 

A- - A 

The unit matrix is ahvays idcmipolent, but 
others can be found, for e\anif)le 

I 1 <>i 
. - 1 oj ’ 

IDENTIFICATION, FRIEND OR FOE. A 

method of automatic identification of an air- 
iraft or ship A codt‘(l, challenging transmis- 
sion leeened by a correctly adjusted receiver 
in a friendly vessel causes the automatic trans- 
mission of an idtmtificalion signal on another 
frequency (lencrally knowm by its initials 
IFF. 

IDENTITY, An equality in w Inch both mem- 
bers are ecpial lor all values of the symbols 
for which the members are defined. Either 
member can be transformed into the other 
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by use of the fundamental rules of operation. 
An identity involves a difference of fonn but 
not of value It is frequently indicated by 
jmtting the symbol between the two mem- 
bers. Thus, 

(a + h){a {c? - 6^). 

IDENTITY PERIOD. The dihtance between 
identical atomic grouyiings in the chain mole- 
cule of an associated or polymerized substance 
or in a ciystal lattice. The magnitude of this 
dimension, which is commonly expressed in 
Angstrom units, plays an important part in 
descriptions of strueturi*. 

IDIOCHROMATIC. A crystal having pho- 
toelectric jiroperties cliaracteristic of the ma- 
terial of the pure crystal itself and not •due 
to foreign matter. Also called intrinsic. 

IDIOMORPHOUS. Appearing in distinct 
crystals. 

TDIOSTATIC METHOD (OF USE OF 
QUADRANT ELECTROMETER). Sec elec- 
‘tromeler, connection of. 

lES. Al)t)reviation for Illumination Engi- 
neering Soeiely. 

I-F. Abbreviation for intermediate frequency. 

IFF. Abbreviation for identification, friend 
or foe. 

IGNITER ROD. A high-rcsistivity, pencil- 
shaped rod of some material such as car- 
borundum which is not vetted by mereury, 
tliat is employed to initiate llie arc in an 

ignitron. 

IGNITION NOISE. Interference caused by 
the Ignition systems of internal combustion 
engines. 

IGNITRON. An electron lube of the mer- 
cury-arc type having a special starting prin- 
ciple. Tlie tube consists of a merciiiy i)ool, 
to sen^e as cathode, and an anode for the 
main part of the circuit and an auxiliary elec- 
trode, the igniter, which dijis into the mercury 
l)Ool. Since all mercury pool tubes are essen- 
tially cold cathode devices until tlie arc is 
started some means must be provided for ini- 
tiating the arc. For rectification of a-c where 
no provision is made for keepi ig the arc alive 
from cycle to cycle or for cc’ trol purposes 
where the tube may b* alternately turned on 
and off under the influence of auxiliary equip- 


ment, the arc must be restarted at intervals. 
In the ignitron this is accomplished by the 
igniter, a rough-surfaced material which will 
not be “wef' by the menmry. The resultant 
points of contact between the igniter rod and 
the mercury will carry very higli current den- 
sities if a })ulso having only a fair eurrent 
value is passed through it. This high current 
denMty, possibly coupled with high fields 
where the nuTeury and rod are not actually 
in contact, cause the creation of a minute 
cathode spot at the junction of the mercury 
surface and the rod. This gives (he electron 
emission necessary to start conduction ft) the 
main anode if the latter is jiositi'^e. The cur- 
rent between tlie spot and tlie anode then will 
develop the spot to its normal '^ize. This tube 
has the advantages of the ordinary mercury- 
arc tube ])lus the great adv.mtage of an easily 
controlled .Parting mechanism not involving 
any moving parts It has rapidly come into 
extensive' use for applications rccpiiring ease 
of control and high current capacities; esjn*- 
cially capacities of short-time duration, such 
as motor control, wi'lding control, rectifiers in 
eleetroeliemieal processes, etc. 

ILLUMINANCE (ILLUMINATION). The 

density of tlie luminous flux on a surface; it 
is the quotient of the flux by the area of tlie 
surface when the latter is uniformly illumi- 
nated. 

ILLUMINANT\ STANDARD. Ce rtain spe- 
cial lamps and tiltiM's, which are use^d as stand- 
ard sources for colorimi'try. For a eliseiission 
of standarel illuminants, see Thp Scicticc of 
Color, by the C'ommitteo on Coloriinetiy of 
the Optical Society of America (1903). 

ILLUMINATION. The illumination of a 
surface i> the luminous flux which it rccciv(*s 
j)er unit area. 

ILLUMINATION, DIRECT. (1) Lighting 
by visible radiatiem that passes from light 
source to object without reflection. (2) In 
microscopy, light falling directly on the stage 
of a microscope from above without being re- 
flected by the mirror. 

ILLUMINATION, INDIRECT. (1) Light- 
ing by visible radiation that undergoes one or 
more reflections in its journey from light 
source to object. (2) In microscopy, light 
which strikes the object at right angles to the 
direction of the axis of a microscope. 
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ILLUMINATION INTENSITY. The flux 
density of light incident upon a surface. 

ILLUMINANCE, RETINAL. A psycho- 
physiological quantity, partially correlated 
with the brightness attribute of visual sensa- 
tion, and measured in trolands. 

ILLUMINOMETER OR ILLUMINATION 
PHOTOMETER. An inst rument for measur- 
ing illumination. The older, standard forms 
of this instrunicnt employ a photometer of 
ordinary type to measure* the luminous inten- 
siiy due to light reflected from a white matt 
surface or diffused by a ^\hite translucent 
screen exposed to the illiiminahon to be meas- 
ured. The balaiiee may bo s(*eiired as usual 
by the bench photometer method, by sereen- 
ing down the comparison lamp, or by turning 
(lie diffusing surtaee througli a known angle 
Mnd relying upon the eosine law (sec illumina- 
tion). A dilTercnt typo, known as a foot- 
'’andlc meter, utilize^ tlie Bunsen screen prin- 
ciple, (here being huwe\i‘r a long row of Irans- 
lucenf s]K)ts bglited from behind by a lam]) 
At one ctul, lamee uruspially along the row 
\t some jioinl in the row this bidanees the 
Illumination iiom in Iront, nnIucIi is to be 
iiuasured, and a scale indicate^ the foot- 
( audios diieetly In a sfill more r(‘e(‘ii( iii- 
^tiuineiit the illuminated element is a copper 
()\idt‘ iiholoAohaic cell (s(*e photovoltaic ef- 
fects) eoniK'eU'd to a sensili\o cuneiit meter 
Kading directly in foot-eandk's All of these 
in--truuients must, of course, be portable to be 
of jiraetieal use. 

ILLUMINOMETER, MACBETH. See Mac- 
beth illuminometer. 

IMAGE. See geometrical optics. 

IMAGE ADMITTANCE. Reciprocal of 
image impedance. 

IMAGE ANTENNA. See antenna, image. 

IMAGE ATTENUATION CONSTANT. The 
real part of the transfer constant. 

IMAGE CHARGE. See images, method of. 

IMAGE DISSECTOR. An electron tube serv- 
nig as a camera tube for a television system. 
Tlie picture to be transmitted is focused on a 
photosensitive surface, causing electrons to be 
emitted from each part of the surface in pro- 
portion to the amount of light in that particu- 
lar part of the picture. These electrons are 
drawn down the tube by a positive anode, but 


arc kept focused in an electron reproduction 
of the picture. This focusing is done by mag- 
netic fields. The focusing fields or auxiliary 
fields are varied periodically so tlie electron 
picture is swejit back and forth, up and down, 
as it moves down the tube. Placed in the ])ath 
of this electron i)icture is an aperture ()|)en- 
ing into an electron multiplier. Each jiart of 
the electron stream is thus swept across this 
aiierture and so the output of the electron miil- 
tipli(T will vary wuth tlie various parts of the 
I)ie(urc. I'his output, then, represents the 
electrical unravelling of (he j)ieture into an 
orderl.y seciucnce of jiarts to be traiiMnitted. 

IMAGE FREQUENCY. In heterodyne fre- 
quency-converters in wdiieh one of the two 
sidebands [)roduecfl by beating is select. 'd, an 
undesired input frequency capable of pro- 
ducing the selected fre(iuency by the same 
pro(‘ess The w'ord ‘‘miagv*” im])lie« the mir- 
ror-like symmetry of signal and image fre- 
((iiencies about the beating oscillator fre- 
quency or the intermediate frequency, w hich- 
e\er is the higher. 

IMAGE ICONOSCOPE. A camera tube 
which eojiibine^ the action of a conventional 
iconoscope and an image dissector lube. It 
has about ti'ii times the sensitivity of the 
leonoseope. 

IMAGE IMPEDANCE. That impedance 
which causes maximum pow^r transfer, as 
dictated by the Thevenin theorem, from the 
transducer to wduch it is eonnerted. 

IMAGE INTERFERENCE. The reception 
of a station by a superheterodyne ri'ceiver at 
a dial setting differing from the fri'quency of 
the station hy twdee the intermediate fre- 
quency. This eff(‘et is due to the fact that 
there are twm irequcncies winch may beat wdth 
a given oscillator fn‘qiu'rmy to ])roducc the 
correct intermediate frequency. Proj)erly de- 
signed equipment attenuati's one of these sig- 
nals (it may be either the high or low fre- 
(]uency signal) wtII below audibility. (Sec 
heterodyne and receiver.) 

IMAGE - INTERFERENCE RATIO. See 
ipfiage ratio. 

IMAGE, INVERTED. A real image formed 
by a single lens or mirror is always inverted, 
i.e., “upside down” wdth respect to the object. 

IMAGE ORTHICON. A camera tube in 
which an electron image is produced by a 
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photociriitting surface, and focused on a s(‘])- 
arale storage target, wliich is ^canned on its 
opposite siile by a low-veloeil y electron beam. 

IMAGE PHASE CONSTANT. The imag- 
inary part of the transfer constant. The prefix 
“image” may he omitted when tliere is no 
danger of confusion. 

IMAGE KATIO. The ratio of (1) the field 
strength at the image frequency to (2l the 
fi(‘ld strength at the desired fr(‘(|uencv, each 
field being applied in turn, und(T spiHufied 
conditions, to produce' equal outputs. (See 
image interference.) 

IMAGE, REAL. An image formed in such a 
way that all of the liglit which passes through 
an optical system from a [loint of the object 
actually passes through a ]i()int of the image. 
If a screen or photogra[)hic ])late is })laccd at 
a real image, a picture ('f the object will he 
formed on the screen or ])laie The image 
formed on the emulsion by a camera is a 
typical real image. 

IMAGE RECONSTRUCTOR. See kine- 
scope. 

IMAGE REPRODUCER. See kinescope. 

IMAGE RESPONSE. Tlie degree of ivsponse 
by a superheterodyne receiver to an image 
frequency signal. 

IMAGE TUBE. See electron image tube. 

IMAGE VERICON. Trade name of a tube 
similar to the image ^rthicon. 


IMAGE, VIRTUAL. In the case that light 
\\hi(*h passes tliroiigh an optical system from 
a point of tlu' ohji'ct ap|)ears to he coming 
from a new point at which no actual ri'al 
imag(' IS formed, tin'll the .system is forming 
a virtual image of the object. A si'reen placc'd 
at a virtual imagi' will not sliow' a picture of* 
the object. An image seen in a plane' mirror 
a ty))i(‘nl example of a virlual image. This 
image is as far behind the mirror as the ob- 
ject i.s in front, yet no light pns.-es through the 
mirror. 

IMAGES, METHOD OF. The potential of a 
sy.stein of isolati'rl, electrical iioint-charges in 
an infinite homogeneous medium i.s 

47re/’i -iTTcr^ I^rcr,! 

where the r’s are the distances from a point 
in spare to the corresjionding point-charges. 
Imagine now' lhal an intlnitely-thin, perfcetly- 
conducling sheet is introduced over an equi- 
poteiitial surface. Since the component of E 
tangential to an equiiiotcntial surface is zero, 
the boundary condition at the conducting 
sheet is satisfied by the existing field, which 
is therefore unaltered. The charges on one 
side of the sheet are said to be the images of 
the charges on the other side. If all the 
charges arc on the same side of the sheet, 
they are images of a point-eliarge at infinity. 
This relationship may be employed to satisfy 
the boundary conditions for various field 
problems. The method of images may be used 
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for the solution of many Tion-(‘lectrical prob- 
lems, in which the boundary conditions may 
be satisfied by the introduction of image 
sources of flux or energy having effects equal 
to those produced by reflections from real 
sources. For cxam])le, the acoustic field due 
to a sound source within a body of water may 
be found by considering the water to be of 
infinite depth and by introducing image 
sources w^hich replace reflections at the u[)per 
surface and tlio bottom of the actual body of 
water. 

IMAGES, POINT. The presence of a con- 
ducting plane modifu's the field of a point 
charge, q, in the .same way as would an image 
charge, —q, located at the mirror-imago point 
behind the plan»‘. Similar theorems may })e 
used to find the effe( ts of other eondiicting 
surfaces, such as a sphere* or a cylinder, or of 
interfaces ])et\^een twn dielectrics Ixavini!: dif- 
ferent constants 

IMAGINARY NUMBER. See* complex vari- 
able. 

IMBIBITION. The penetration of a liepiid 
into a solid system, eailleiidal eir olherwise. 

IMPACT. The action of two boeli(‘s in eolli- 
sioii, wdiereby the ve*loe*ity of eine* or both 
bodies is diange'd In the e’ase of dire’(*t im- 
pact, the veloe*ity of the moving bodies is in 
the* directiein e)f the normal (iierpe'iidicular) 
lo the bodies at the poinl of contact. OtlK*r- 
wisc* the impact is obluiue*. The impact is 
central when the* (’('iiteTs of gravity of the two 
bodies lie on the line* e)f impae-t (normal to 
thej bodies at the point of coritae't). The 
iiiomentnm of a body is its mass iniilliplioel 
by its veloeily. A law of impact is that the 
sum of the mome'iita of the two mosses before 
and after impact is the same. 

IMPACT, ELASTIC. A collision bctwe(*n two 
objects which, though deformed in the col- 
lision, immediately regain their original size 
and shape. Such an impact is cliaraeterized 
hy a coefficient of restitution equal lo 1. The 
kinetic energy associated with the direct mo- 
tion of the objects is conserved in such an 
impact. 

IMPACT EXCITATION. See shock excita- 
tion. 

impact-excited TRANSMITTER. Es- 
bontially some fonn of spark transmitter. 


IMPACT FLUORESCENCE. Fluorescence 
of a material due to bombardment of the ma- 
terial hy high energy molecules of some other 
material. 

IMPACT, INELASTIC. See impact, plastic. 

IMPACT PARAMETER. A term used in 
clastic scatieiing (see collision, elastic) to de- 
note ihe jierpoiKlicular di.^tanco from the ini- 
tial position of the scailering center to the 
original line of motion of the scattering par- 
ticle. Th(* use of the term has been extended 
to apply to any nuclear reaction (sec reaction, 
nuclear), where it is the perpc'ndicular dis- 
tance from the target nucleus to the original 
line of motion of the incident particle. 

IMPACT, PliASTIC. A (‘ollision between two 
bodies whose co(‘fficient of restitution has a 
value less than unity. In such a collision 
kineiic energy is lost, l^'ho amount of energy 
lo‘^^ is given by the formula: 

A/v - 

whtre il/i is the mass of the first body, M2 
is the mass of llu* second body, c is the eoefli- 
ei(‘nt of restitution betwTcn the (wo bodies, 
Wif is the final velocity of Ihe first body wdtli 
r(*s])('ct to (‘enter of mass, U2c is the final veloc- 
ity of the second body with respect to center 
of mass. 

The total rnomcnfnm irmains unchanged in 
a plastic impact. (See coefficient of restitu- 
tion; center of mass coordinates; impact. ) 

A collision in wdrch Ihe co(‘frK‘i(*nf of resti- 
tution is zero is often calk'd a perfectly in- 
elastic impact. 

IMPACT RADIATION. S(*e impact fluores- 
cence. 

IMPEDANCE. The compk'x ratio of a force- 
like qiiantiiy (force, pressure, voltage, teni- 
peratiiie or ek'ctric fi(dd stnmgth) to a re- 
lated \ eloeity-like (piantity (velocity, \’olume 
V(*locily, rnruuit, heat flow, or magnetic field 
strength). The terms and definitions unrler 
the term ‘‘impedance” pertain to single-fre- 
quency quantities in the steady state, and to 
systems wdiose ])roperties are independent of 
the magnitudes of these quantities. These 
quantities can be represented mathematically 
by complex exponential functions of time. 
Under these conditions the factors involving 
time cancel out in the ratios called for, leav- 
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ing complex numbers independent of time. 
Solutions based on complex exponential func- 
tions under tlieso conditions give the solution 
for real sinusoidal oscillations. Because of 
tlie similarity of eh'ctrioal, mechanical, and 
acoustical transmission theory, the same ter- 
minology is uscfl in the three cases. Where 
confusion is likely to occur, the proper term 
should he prefixed to the general term, e.g., 
acoustic transfer impedance. For example, 
while acoustics is a branch of mechanics, it is 
found conveni('nt to distinguish an acoustic 
system from a mechanical one whenever elas- 
tic wave motion is an essential feature. While 
a strict application of the impedance concept 
implies the restrictions given above, it is com- 
mon [iractice to extend the tenn “impedance” 
to situations involving nonsinusoidal quanti- 
ties or nonlinear systems. Such extensions 
should he accompanied by an ex]danatory 
statement. (See also impedance, acoustic; 
impedance electrical; impedance, mechanical; 
and oilier specific (mtries under this heading ) 

IMPEDANCE, ACOUSTIC. The acou«( ie 
impedance of a sound medium on a given 
surface lying in a wave front is the oomiilex 
(luotient of the sound pressure (force per unit 
area) on that surface by the flux (volume 
velocity, or linear velocity iniilliplied by the 
area), through the surface. Wlnai concen- 
trated, rather than distributed, impedance of 
a jiortion of the medium is defined by the 
complex (piotient of the pressure difference 
effective in driving that portion, by the flux 
(volume velocity), the acoustic impedance 
may be exprc'-sed in terms of mechanical im- 
pedance, acoustic iinpedanee being to the 
mechanical inqiedance divided by the square 
of the area of the surface considered. The 
commonly used unit is the acoustical ohm. 
Velocities in the direction along Avhich the 
impedance is to he specified are considered 
positive. This definition pertains to single- 
frequency quantities in tlie steady state and 
to systems whose properties are independent 
of the magnitudes of these quantities. Vari- 
ous other definitions have been proposed, hut 
their application has been less widespread: 
(a) the quotient of the force by the particle 
velocity (Crandall); (h) the quotient of the 
sound pressure by the volume displacement 
(Webster) ; (c) the quotient of the sound 
pressure by the particit; velocity (Brillie). 


IMPEDANCE, ACOUSTIC, MEASURE- 
MENT BY ACOUSTICAL METHOD, A 

method, due to Stewart, in which measure- 
ment is made of the change in acoustical 
transmission through a long unifonn tube 
when the unknown acoustic impedance (see 
impedance, acoustic) is inserted as a branch. 

IMPEDANCE, ACOUSTIC, MEASURE- 
MENT BY IMPEDANCE TUBE METHOD. 

A nu'lhod in which the acoustical material is 
used as the tei’minatitm of a long tube. By 
means of a movable probe connected to a 
pressure microphone, amplifier, detector and 
meter, the differenre in decibels between max- 
imum and minimum sound pressure can ho 
measured. The impedance of the sample can 
then he calculated from this standing wave 
ratio. (See wave, standing.) 

IMPEDANCE, BLOCKED. Of a trans- 
ducer, the impedance at the input when the 
impedance of fhe output system is made in- 
finite. For example, in the case of an electro- 
mechanical transducer, the* blocked electric 
impedance is the impedance measured at the 
electric terminals when the mechanical sys- * 
tein is l)lock(‘d or clamped; the blockc'd ni('- 
ehanical impedance is measured at the me- 
chanical side wdien the electric (‘ircuil is open- 
circuited. 

IMPEDANCE, CHARACTERISTIC (OF A 
CIRCULAR WAVEGUIDE). For the domi- 
nant (TEii) mode of a lossless circular iini- 
conduclor waveguide at a specified frt'(iueiicy 
above the cut-off frequency, (1) the ratio of 
the square of the rms voltage along the diam- 
eter wdiere the electric vector is a maximum 
to the total pow'cr flowing when the guide is 
match-ten)iinat(*d, (2) the ratio of the total 
power flowdng and the square of the total rms 
longitudinal current flowing in one direction 
when the guide is match-terminated, (3) the 
ratio of the rms voltage along the diameter 
where the electric vector is a maximum to the 
total rms longitudinal current flowing along 
the half surface bisected by this diameter 
when the guide is match-terminated. Under 
definition (1) the powder W = V^/Z(w,v) where 
V is the voltage, and Ziw,v) the characteristic 
impedance defined in (1). Under definition 
(2) the power W = PZ^wj) where I is the 
current and Z^w.t) the characteristic imped- 
ance defined in (2). The characteristic im- 
pedance Z(v,/) as defined in (3) is the geo- 
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metric mean of the values given by (1) and 
(2). Definition (3) can be used also below 
the cut-off frequency. 

IMPEDANCE, CHARACTERISTIC (OF A 
RECTANGULAR WAVEGUIDE). For the 

dominant {TEia) mode of a lossless rectan- 
gular uniconductor waveguide at a specified 
freciuency above the cut-off frequency, (1) 
the I’atio of the square of the rins voltage 
between midpoints of the two conductor-faces 
normal to the electric vector, and the total 
])Owcr flowing when the guide is match-termi- 
nated, (2) the ratio of the total power flow- 
ing to the scpiare of the rms longitudinal 
current flowing on one face normal to the 
electric vector when the guide is match- termi- 
nated, (3) the ratio of the rms voltage be- 
tween midpoints of the two condiietor-faees 
normal to the electric vector to the total 
rms longitudinal current flowing on one face 
when the guide is inatch-1 enninatod. Under 
definition (1) the power IF - i where 

I' is the voltage, and d tlic ciiaractcristic 
ini|)edance defiiu'fl in (1). luider definition 
(2) the ])ow('r W - where 7 is the 

current and tlie characteristic imped- 

ance' defined in (2). The (‘haraeterisiie im- 
f)(‘danee Z(r.n defined in (3) the geo- 
metric mean of the values aivon by (1) and 
(2). Definition f8) can be used also below 
the cut-off frequency. 

IMPEDANCE, CHARACTERISTIC (OF A 
TWO - CONDUCTOR TRANSMISSION 
LINE). For a traveling, transverse electro- 
magnetic wave, the ratio of the complex volt- 
age between the conductors to the complex 
current on the condiietors in the same trans- 
ver^^c plane, vith the sign so chosen that the 
real part is positive. 

IMPEDANCE, CHARACTERISTIC WAVE. 
For a traveling electromagnetic wave at a 
gi\en frequency, the ratio at a point of the 
complex magnitude of the transverse electric 
vector to that of the transverse magnetic 
vector, with the sign so chosen that the real 
part is positive. 

IMPEDANCE CIRCLE. Consider a nondis- 
s^ipative transmission line terminated by a 
fixed impedance. As the line length is varied, 
^hc (complex) input impedance describes a 
circle in the 72, X plane. 


IMPEDANCE CONCEPT IN WAVE PROP- 
AGATION PROBLEMS. The concept of im- 
pedance in lumped-element networks can be 
extended to be useful in wave propagation 
problems. Tn tlie case of a transmission line 
having voltage U across the line, and current 
1 along the line, the impedance per unit Icngtli 
is 

1 dV 
Z = - 
I dX 


In a homogeneous medium, jdane waves are 
propagated lik(' waves along a line of char- 
acteristic impedance E^Jl. This extension of 
a network concept is veiy useful for dealing 
with reflection and trun'-mission at a discon- 
tinuUy, such as a change of medium, or a 
change of size of a waveguide. 

IMPEDANCE, DRIVING-POINT. , At a 

driving point of a transducer, the complex 
ratio of the apj)lied sinusoidal potential dif- 
fi'nmee, force, or pro.^sure to the r(‘sultant cur- 
rent, velocity, or volume velocity, respec- 
tively, at this ])oint, all in|)uts and outputs 
being tiTininated in any s]>ocified manner. 


IMPEDANCE, ELECTRICAL. The (com- 
plex) ratio of voltage to current in an alter- 
nating-current circuit: 


Z 


+ jX = 


E 

T 




Th(‘ voltage and current are written in stand- 
ard cissoidal form, Ej and I, are complex 
amplitudes (to include magnitude and phase), 
R is called the rcsihtance, and A", the reac- 
tance. 


IMPEDANCE, FREE. Of a transducer, the 

inij)e<ian('(* at the input of the transrluc<T wlien 
impedaiici' of its load is made zero. The 
a])iiroximation is often made that the free 
electric iin))e«iancf‘ oi an ('lectroacou.'^tic trans- 
ducer designed lor use in water is that meas- 
ured with the transducer in air. 

IMPEDANCE, FREE MOTIONAL. Of a 
transducer, (lie com})lex remainder after the 
blocked imp('dance has l>een subtracted from 
the free impedance. 

IMPEDANCE, INPUT. The impedance 

presented f)y the transducer to a source, or 
by a network to the -‘input terminals’' of a 
device. 
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IMPEDANCE, ITERATIVE. Of a trans- 
ducer, that impedance wliich, when connected 
to one pair of terminals, produces a like im- 
pedance at the other pair of terminals. ’ 

IMPEDANCE LEVEL. The value of circuit 
impedance which is used in matching several 
networks to each other or to their terminal 
impedances is called the impedance level in 
that part of the circuit. 

IMPEDANCE, LOADED. Of a transducer, 

the imiM'dance at the input of the transducer 
wdien the oul]nit is connected to its normal 
load. 

IMPEDANCE, MATCHED. That imped- 
ance which, w^hen conn(‘cted to a transducer, 
will cause maximum power transfer. 

IMPEDANCE, MECHANICAL. The com- 
plex quotient of the alternating force applied 
to a system by the [-(‘suiting linear velocity in 
the direction of the force at its point of aj)- 
l)lica1ion. The unit is the mechanical ohm. 

^ IMPEDANCE, MOTIONAL (LOADED MO- 
TIONAF. IMPEDANCE). Of a transducer, 

the complex reniainder after the block(‘d im- 
pedance has been subtracted from tlui loadi'd 
impedance. 

IMPEDANCE, NORMAITZED (WITH RE- 
SPECT TO A WAVEGUIDE). An imped- 
ance divided hy the characteristic impedance 
of tile waveguide. 

IMPEDANCE OF NETWORK BRANCH. 

The imjiedancc of a network branch is the 
('complex) ratio of the voltage across the 
branch to the current through tlu* branch. 
The voltage and current are both expressed 
as complex numbers. 

IMPEDANCE OF TRANSMISSION LINE, 
INPUT. Th(* impedance betwi^en the input 
t('rminals with the geiuTator disconnect (^d. 

IMPEDANCE, SPECIFIC ACOUSTIC 
(UNIT AREA ACOUSTIC IMPEDANCE). 

At a point in the medium, the complex ratio 
of sound pressure to particle velocity. (See 
velocity, particle.) 

IMPEDANCE, SURFACE TRANSFER. 
Wlicn an electromagnetic nave is guided 
along the surface of a conduct having finite 
conductivity, the ratio of tangential electric 
field at the surface to the current in the con- 


ductor is called the surface transfer imped- 
ance. 

IMPEDANCE, SYNCHRONOUS. The 
source impedance of an alternator, at operat- 
ing frequency. It depends both on the sta- 
tionary impedance of flic machine, and its 
armature reaction effects. 

IMPEDANCE, THROAT ACOUSTIC. The 

acoustic impedance (see impedance, acoustic) 
at the input end of a horn. 

IMPEDANCE, TRANSFER. Between two 
points of a transducer, the complex ratio of 
the applied sinusoidal potennal difference, 
forc(‘, or pressure at one point to the resnltant 
current, velocity, or volume velocity at the 
other point, all inputs and outputs being 
terminated in any s[)ecifipd manner. 

IMPEDANCE, WAVE. See wave imped- 
ance. 

IMPEDANCES, CONJUGATE. Impedances 

having resistance components wdiich are e(|ual 
and reactance components wdiich are (‘(jual in 
magnitude but opposite in sign. Conjugate ^ 
imi)(‘dances are ('xj)ressible by conjugate (‘oni- 
plex (|uantities. 

IMPEDANCES, IMAGE, OF A TRANS- 
DUCER. The impedances which will simul- 
taneously t(‘rminate all of the injuits and 
outputs of th(’ transducer in such ;i w'ay tliat 
at each of its inputs and outiaPs the imped- 
ances in both directions are ecpial. 

IMPEDED HARMONIC OPERATION. 
Synonym for harmonics, suppressed. 

IMPEDOMETER. An impedance-measuring 
device for the very-high-frequency band and 
above, which consists of two directional cou- 
plers and a voltage probe in a short trans- 
mis'^ion line. 

IMPEDOR. A eireuit element having im- 
pedance. 

IMPERFECTIONS IN SOLIDS. Many 
properties of solids depend on the jirescnce 
of structural imperfections, that is, deviations 
from a perfect homogeneous crystal lattice. 
Such proiierties include luminescence, atomic 
diffusion, color center absorption, crystal 
growth, plasticity, semiconduction, etc. The 
various types of imperfection fall into groups, 
of which the main ones are vacancies, inter- 




445 


Implode — Impurity Levels 


stitial atoms, dislocations, und foreign atoms, 
or impurities. One might also refer to mosaic 
structure, polygonization, growth spirals, slip 
lines, and other macroscopie features. The 
term imperfection i'- not usually applied to 
the thermal vibrations of the lattice, since 
these must be present in the most perfect lat- 
tice. 

IMPLODE. A verb describing the Molent 
shattering of a vesM‘1 or container in which 
the internal press\n-o is less than the external. 

0 g., in a highly-evacuated cathode-ray tube 
when the glass env(dojH' is suddenly broken 
Due to the auuosj)hcne pressure aeainst a^l 
sides of the tube, the gla^s moves inward with 
tremendous force. 

IMPORTANCE FUNCTION. NUCLEAR. A 

nieasuic of the impoitancc' to +lic chain r(‘- 
action in a nuclear reactor of a in itron at a 
given po'-ition and with a given V(‘locitv. The 
iclative iiuyuntancc of tw'o ty{)(*s of neutron'-, 
A and lb i*^ gi\cn by (he number of ruaitron-' 
of t\[)c \ that must be suppli(‘d io make up 
tor (h(‘ nmo\al o<‘ oiu' iieution of type H, the 
jiioces^ being caiiicd out so that the level 
of (he chain reaction i^ not arf(‘ctcd The 
iterated fission expectation is a particular 
normali/ation of the imiiortanco function 

IMPROPER. See fraction; integral, ini- 
proper. 

IMPROVEMENT THRESHOLD. In angle- 
modulation systems (s(a‘ nuuliilation, angle), 

1 lie condition of inutv for ihc ratio of pc.ak 
carrier voltage to iieak noi'-e \ oil age, after 
selection am! hefoia' any nonlinear ])rocess 
such as amplitude limiting and detection, 

IMPUI..SE. A vector (luaiility defined by the 
time integral of the force F acting on a par- 
ticle over a finite' interval, for e\ani])le, 



for the interval from /i to /j The iinpulse- 
inomentum theorem states that the imj3nlsc 
equals the change in momeiiiiiin e\]3ericriced 
by a paiiicle during the corresponding time 
interval. 

IMPULSE EXCITATION. A method of pro- 
ducing oscillator current in a circuit in wliich 
the duration of the impressed voltage is rela- 


tively^ short eom]3ared wuth the duration of 
the current jirodiiced. 

IMPULSE GENERATOR. A device for pro- 
ducing very ^hort ])ulscs of high \oltage, usu- 
ally by charging capacitors in parallel and 
discharging them m scries. 

IMPULSE NOISE. See* noise, impulse. 

IMPULSE SEPARATOR. In toh'vision, a 
synchroni/iiig-signal ^epmator. 

IMPUr.SE TRANSFORMER. See peaking 
transformer. 

IMPULSE WHEEL OR PFLTON WHEEL. 

Diu' of th(‘ two ]U‘incipal tv[)cs of turbines, in 
wliicli tlie whole available head is Iransformed 
into Icinctic (mergy before reaching the wheel. 
The w’heel is so shii[)ed and rim at sudi a s[)eed 
that the fluid leaving the wheel is movhig very’’ 
slowdy, ha\ing communicaled nearly all its 
kinetic energy to tlie moving wheel. 

IMPULSIVE SOUND(S). Sounds that con- 
sist of short bursts ratlu'r than sustained 
tones Examples are hand claji, typewriter 
noi-e, '-ydabie sound. 

IMPULSIVE SOUND EQUATION. 


where hJ is the total sound energy' produced 
by'' a single ]m])ulse, ] is tin' volume of room, 
a is the in ('an sound absorption coefficient, 
.S is the ('xpos('d surf lee ;iren, t is the duration 
of inquilsiAc sound, and c is tin* velocity' of 
sound. 

IMPURITY, ACCEPTOR. Sec acceptor im- 
purity. 

IMPURITY, CHEMICAL. An atom within 
a ciyslal wdiicli is foreign to the crystal. 

IMPURITY, DONOR (IN A SEMICONDUC- 
TOR). An imparity' w'hich may* induce elec- 
tronic conduction. Tlu' nicchani.au involves 
thermal ionization of tlie donor, with the 
tran-fer of an electron to the conduction 
band. 

IMPURITY HARDENING. See Cottrell 
hardening. 

IMPURITY I.,EVELS. Energy levels outside 
the normal band scheme of a solid due to the 
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presence of impurity atoms. Such levels are 
capable of making an insulator semiconduct- 
ing. (See acceptor impurity; impurity, do- 
nor.) 

IMPURITY SEMICONDUCTOR. See semi- 
conductor, impurity. 

IMPURITY, STOICHIOMETRIC. A crys- 
talline imperfection arising from a deviation 
from stoichiometric comjxi^ition 

INCH. T^nit of lengtli, abbreviation in. ( 1 ) 
Br. One thirty-sixth of an IinjH'rial yard. 
( 2 ) U.S. Exactly 1 meter /30 .‘^7 fHur(‘aii of 
Standards); (‘xactly 2 .*)] cenlimc'b'i''^ (Am(‘ri- 
can Standards Association). 

INCIDENCE, ANGLE OF. Thv angle at 
whicli one body oj' ma((‘rial or radiation 
strikes a surface, measin-ed ftom tlu' line t)f 
direction of the moving entity to a line* jH‘r- 
pendicular to the snrfae'e* ai I he point of im- 
I)act. The teim is iise'd cominonly in regard 
to the imf^act of radiant eaiergy upon a ma- 
terial surface. 

INCIDENT WAVE. See wave, incident. 

INCLINED PLANE. A simple' machine in 
whicli the feirce re(|uired to lift an object 
through a given vertical distance is reelma'd 
by constraining the' motion of the* ohje'et to 
an inclined plane The idealizeel mechanical 
advantage is eejiial to Ok' reciprocal of sin 
0, vvliere 0 is the angle of inclination to the 
horizontal. 

INCLINED-TUBE MANOMETER. Sec 
manometer, inclined-tube. 

INCLINOMETER. See dip-needle. 

INCOHERENT SCATTERING. Sec scat- 
tering, incoherent. 

INCOMPRESSIBLE VOLUME. That por- 
tion of the total volume of a gas which con- 
sists of the actual bulk of the gas molecules, 
rather than the sjiaoes between molecules. It 
is because of tlie large amount of empty space 
between molecules that gases arc easily com- 
pressible; the ideal gas law describes the be- 
havior of a (hypothetical) gas which has no 
incompressible volume. Denoted by the 
quantity b in the van der Waals equation. 
(See CO- volume.) 

INCONGRUENT MELTING. In some sys- 
tems, solid compounds are formed that do not 
melt to a liquid having the same composition, 


but instead decompose before such a melting 
j)oint is reached. Thus, 

3 Al 203 *Si 02 — ► AI 2 D 3 + Solution. 

INCREMENTAL INDUCTANCE, See in- 
ductance, incremental. 

INDEPENDENT FISSION YIELD. See fis- 
sion yield, independent. 

INDEPENDENT PARTICLE MODEL OF 
NUCLEUS. See nucleus, independent par- 
ticle, model of. 

INDEPENDENT VARIABLE. ( 1 ) For the 
mathematical meaning of Ihis term, see func- 
tion. (2j That independent quantity or con- 
dition which, through the action of the control 
sys({‘in of an automatic controller, directs the 
(*hang(' in the controlled variable according 
to a predetermined relationship. 

INDETERMINANCY PRINCIPLE. A pos- 
tulate of tpiantum mechanics that asserts that 
in (lie simnUarieous determination of llu* 
values of two canonically conjugated vari- 
ables, the i)rodiict of tlu small(*'t po>'^]l)le 
imcerlainties in llieii* \ailues is of the ordei' 
of magnitude of the Planck constant fi. If 
Af/ is the range of vahu's that might be found 
for (he coordinate 7 of a particle, and A/) is 
th(‘ range in the '-muiltaru'ous detorinmation 
of the corrospoiidiug eoinpouent of its momen- 
tum p, then Ap'Ar/ — h. Similarly if A^ and 
At are the uncertainties in the simultaneous 
determination of the energy and the time, 
Af;-A^ h. 

INDETERMINATE FORM. Limiting proc- 
e'-ses applied to special combinations of func- 
tions sometimes result in meaningless expres- 
sions sueb as 0/0, co/co, O-oo, 00 — co, 1“, 
0 ‘*, cc^, etc. d h('S(' are called indeterminate 
forms. The method of differential calculus 
may he used to inO'rpret such expressions 
(See LUospital’s rule.) 

INDETERMINATE STRUCTURE. A stat- 
ically indeterminate structure is one w^hich 
cannot be solved by the equations for static 
equilibrium. These equations state that the 
components of the forces acting on a body, 
taken in any tw^o directions, must be equal 
to zero and that the sum of the moments of 
these same forces, taken around any moment 
center, must equal zero. If the axial stresses 
in the members of a structure are changed by 
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altering the length of one of the members a 
very small amount the structure is classified 
as indeterminate. 

When there are more reactions than cejua- 
tions for static equilibrium the structure is 
externally indeterminate. After these reac- 
tions have been caloulalod the stresses in the 
members of the structure become statically 
determinate unless internally indeterminate, 
that is, contain redundant members. 

In general, statically indeterminate struc- 
tures can be ainlyzed by methods such as the 
energy theory or the deflection theory, al- 
though some are so comjdicated that the 
analyst inu^^t resort to exiuTinumtal methods 
The analysis of any indeterminate strueture 
ie(|iiires a kno\vledg(‘ of the hize, sha])e and 
elastic properties of the individual memlicrs. 

I0xampl(‘s of indeterminate structures are 
triangular framewoiks containing redundant 
membei^, rigid Irames ha\ iiig loads trans- 
mit tec I by IliO rigidilv of tlu' joints, fixed or 
J hmgt'd aiche^, suspiMision bridges with stif- 
ft'iiing trusses, building liames un(l(‘r th(‘ ae- 
tion of lateral foici's, beams with built-in end 
"uppoids, lieanis fixed at ()Ti(‘ (Uid and '>imf)Iy 
siipj)()rt('d at the otlua' end and beams eon- 
Iniuous over a number of supixirts 

INDEX. ( 1 ) An integer ])lace(l above a rad- 
ical sign to indicate the root which is to he 
c'xl i‘a(‘t('d. It is u.sually omitt(‘d for a scpiare 
loot. (2) An exponent. (3) A sujierseript 
or subscript us(*d in tlie symlxil for a tensor. 
A repeated index is called a dummy or umbral 
index, see summation convention. (1) In 
group theory, the ordiT of the grouj) divided 
by the order of a subgroup. 

INDEX OF MODULATION, See modula- 
tion factor. 

INDEX OF REFRACTION. (1) The v( loc- 

ity of radiation in vacuo divided by the veloc- 
ity of the same radiation in a sjiecifu'd me- 
dium. Because of the Snell law, index of 
refraction may also be defined as the ratio 
of the sine of the angle of incidence {in vacuo) 
U) the sine of tiie angle of refraction. Because 
the index of refraction of air is only about 
) 00029, index of retraction is frequently meas- 
ured with respect to air rather than with re- 
spect to free space (vacuum). Excepting a 
few very special cases (x-rays; light in metal 
films) the index of refraction is a number 


greater tlian unity. A few representative 
values are: 

• ^wuter ~ 1.34, glass ~ 1.5-"1.9, 

^ftorrnniiiijtii “ 4.2.') (infrared radiation). 

(2) The square root of the relative dielectric 
constant of a medium y/t/ti). The index of 
refraction is invariably a function of the fre- 
(luency or wave length of the radiation. When 
definition (2) is usc'd, the ajipropriatc value 
of c is often not tlu' permittivity observed 
with static fii'lds. 

INDEX OF REFRACTION, COMPLEX. 

For absorbing media, it is sometinies con- 
venii'ut to use a complex index of refraction 

= /r( I — ik) 

where r is the (Mistomarv index of refraction, 
K is the abMiridion md('\ and i is tfio square 
root of —1. (S(‘(' absorption index.) 

INDEX OF REFRACTION, MODIFIED. 
In th(' troposphere, the index of refraction at 
an\ height increased by h/a, w'liere h is tli(‘ 
height al)o\e sea level and a is the mean geo- 
111(4 rica! radius of the caith. When tlie index 
of ndraetion in tlu' troposphere is horizontally 
stratified, propagation over n hyjiothetical fiat 
earth throiigli an atmosphere with the modi- 
fieci index of r(*fraction is substantially equiv- 
alent to jM’opagation over a curved eaidh 
through the nxil atmosphere 

INDEX OF REFRACTION, RELATION TO 
DIELECTRIC CONSTANT. See dielectric 
constant, relation to index of refraction. 

INDICATINf; INSTRUMENT. Any meas- 
uring device wducli may b(' r(*a<l by flie obscr- 
sation the jiositiori of a pointer on a scale. 
Indicating instruments are distinguished from 
null instruments, in which the measurement is 
obtained by tlie iidjustiiKiit of iiarainetcTs to 
values indicative of the quantity being meas- 
ured. 

INDICATOR. A term used formerly in nu- 
clear jihysies for tracer. The latter is now 
the more common usage. 

INDICATOR TUBE. See tube, indicator. 

INDICIAL ADMITTANCE OF A NET- 
WORK. The response, as a function of time, 
to a unit step stimulus. Specifically, the cur- 
rent produced by a unit step of one volt. 
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INDICIAL EQUATION. In th(‘ solution of 
a differential equation in series the suhstitu- 
tion 

is made. When k is put cciual to zero, the 
coefReient of the lowest power of .t remaining; 
is set equal to zero and this is the indieial 
equation, which .serves to determine ih(‘ values 
of They are called the exponents of the 
differential equation. 

The indicial eejuation may be: (1 ) inde- 
f)cndent of .s, in which case no series solution 
of the type assumed exist (2) a polynomial 
in .s‘, of def];rce e(|ual to the order of tlie dif- 
ferential ec|uation; d('])endini; on the nature 
of the roots of the indicial e(]uation, there may 
th(‘n he n distinct seric's so]iition> of the dif- 
f(‘reiitial erjuatiem or f(‘vv(‘r; (3) tlie deii^n'e 
of tlie f)olyriomial is than the onhu* of the 
differential e(|uation and sc'ric's .'solutions ar(* 
again imj)f)'^'^il)l(\ in the usual case. 

'indirect scanning. Si*(' scanning, in- 
direct. 

INDIRECTIA-TIEATED CATHODE. See 
cathode, indirectly-heated. 

INDIUM. ^Metallic (dement. Symbol In. 
Atomic number 49. 

INDUCED DIPOLE MOMENT. See dipole 
inoinent, induced. 

INDUCED NOISE. A ty]>e of tube noise due 
to induced voltages in the electrodes, cau.si'd 
by ultra-high frociueney eompoiumts of the 
random space-charge. 

INDUCED NUCLEAR DISINTEGRATION. 
Sec reaction, nuclear. 

INDUCED POLARIZATION. The polariza- 
tion brought ai)out by the aetion of an electric 
field on a dielectric that docs not contain 
permanent dipoles. 

INDUCED RADIOACTIVITY. Radioactiv- 
ity re-'Ulting from nuclear reactions. (See 
reaction, nuclear.) 

INDUCTANCE. The inductance of a circuit 
(such as a coil) is the rate of i.n reuse in mag- 
netic linkage with increase of rrent. If we 
have a coil of .several tunis, carrying a steady 
current, a certain magnetic flux will, as a re- 


sult, be linkcnl with the coil, depending upon 
the size and shape of the coil, the number of 
turns, and the material occupying the sur- 
rounding .space. If the current i.s now slightly 
increased, the re.sulting iricrca.se in flux may 
or may not be proportional to the change in 
current; if not, wc .shall have to consider a 
very small increase in each. The “linkage” i.s 
the product of the flux through the coil by 
the number of iurns. Since magnetic flux is 
ordinarily cxjin^ssed in maxwells feinu) or 
webers (inks), ilio linkage may be cxpress(Ml 
in maxwc'll-turn.s or webor-turns. The induc- 
lanee unit called the henry com'sponds to a 
rate of linkage' incrc'ase of 10^ maxwi'll-tiirns 
or one w (‘her-turn pc'r ampere of curn'iil. 
Thi^ is a rather large unit, hence the milli- 
Ihmu v and microhenry are commonly used 
TIk* inductance of a coil wound on a ferro- 
mamu'lic core (h'lM'nds on tln‘ magnitude of 
llu' current, hccaii'^e' of hysteresis effe'cls By 
convention, the inductance of such a coil is 
usually taken as 

L = X/27r/ 

whore A i.s tlu' la'ac'tance (see impedance, 
electrical) and / is the frocimaH'V. The im- 
pedance us(‘d in (h'termining tliis n^actance is 
takcai as llu* ratio of the effi'ctive voir ago to 
the effective' current, neglecting h.armonics 
produced by tlu' ^'ariability of tlu’ induet aneo. 

INDUCTANCE, CRITICAL. The minimum 
induct am'o reeiuired to previ'iil the ciirri'iit 
from going to zero during any part of the 
cycle in tlie input choke of ti ciioke input 
filt(*r for a full-wave rectifier circuit. The 
value of this indiictanee (in henries) is equal 
to the load re.si.stanc'e (olim.s) dividc'd by three 
tinu'.s the sup])ly freciucncy (radians per sec- 
ond). Th(' input elioke must have a value 
equal to or grcatc'r than th(‘ critical value if 
tlie be'-t perfonimnce in tlie way of regulation 
i.s to b(' realized. 

INDUCTANCE, INCREMENTAL. The in- 
ductance which an iron-cored coil will offer to 
a-e wlien it is superimposed on d-c through 
the coil. This condition occurs very fre- 
quently in communication and electronic cir- 
cuits since many of these involve direct cur- 
nmts for e‘-tabli.shing an operating point and 
then siqu'rimposc the a-c signal. The d-c 
produces a certain amount of saturation in 
the core so the flux conditions presented to the 
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a-c are not the same as if no d-o wore present 
When the core is in this partially saturated 
condition the flux chanj^es produced by the 
a-c are not as great as they would he other- 
wise and hence the bark e.ni f of the coil or 
its inductive efifeet is reduced. Since the ac- 
tual inductance presented dciiends uiion the 
degree of saturation the rating of a coil which 
is designed to carry both types of current 
should include both the d-c value of the cur- 
rent and the inductance (which is understood 
in this case to be the incremental inductance). 
Tlie effect on incremental inductance is due 
to the change of tlic permeability of the core, 
the permeability which is (-ffectivc in tliis ca.se 
being called the incienuntal permeability It 
i'- given bv 

AB 


where ni the incremental pciTiieabilitv, AB 
the change in flii\ densilv piodiiced bv the 
a-c and AH (he change m magnetisnng force 
produced b\ the a-c 

TNDirCTANCE-TUBE MODUIATION. Sei* 
reactance tube. 

INDUCTION. (1) The piodnction of an 
electric charge or magnetic field in a sub- 
-'l.mce by the approacli or pro\inutv of an 
I !< ( (i ifiid body, a magnel or anv other source 
of an electiic ’or magnetic fi( Id, tlie term in- 
duction imp'ying (hat there i^ a relatnely 
noil-magnetized medium, between the bodv in 
which the electric or magnetic effect is in- 
duced and the electrified bodv, or other source 
of the electric or magnetic field (Sec induc- 
tion, electric; magnetic induction.) (2) The 
“induction” of current in a conducting cir- 
cuit by variation of the magnetic flux linking 
the circuit. (See inductance.) (3) Nuclear 
induction. (4) IVIathematical induction 
(See induction, mathematical.) 

INDUCTION ACCELERATOR. A betatron 
or rheotron. 

INDUCTION, COEFFICIENTS OF. The 

charges on a set of conductors arc linear func- 
tions of the conductor potentials: 

Q\ = f'llTi -b Ci2V'2 -(-•••+ Cinl n 

<12 ~ fZlTl -h e22T2 "b ■ ■ ■ H" (^2nVn 

Qn — Cm El -b C„2V2 -b b C„nEn. 


The coefEeionts c„ = Cji are known as “eoeflB- 
eients of induction.” (Sec potential, coefS- 
cients of.) 

INDUCTION COIL. A device for obtaining; 
a higli, intermittent voltage from a source of 
low, steady voltage, such as a battery. Tliis 
aecomplisbed by electromagnetic induction. 
A coil of H'latively few turn^, called the pri- 
mary, and firovided with a j-oft iron core, is 
connected in sciu's with the liattery and with 
some form of inlernipter which renders the 



T)i ijii nil of indiKlion itiil sliouiijcr its piiinarv wind- 
in'.’ /* lt^ uintliim; S int( iruptfM* /. Iiattorv 

B and condt ns( i 

cunent intermittent The rapid variations of 
magnctie flux thus produced gne rise to cor- 
rc'^pondingly high eleetiomoi ive forc(\s in the 
M'condary, a coil of many turns of fine wdre 
wound on the same core and thus effectively 
coupled with the primal y. Tlie secondary 
eleciromotivo force of coin sc reverses with 
(‘ach make and break of the ]U-miary circuit 
I'he peiforinance is imi)ro\ed by placing a 
condenser across the terminals of the inter- 
Tupter. 

INDUCTION COMPASS. See compass, m- 
duction. 

INDUCTION-CONDUCTION HEATER. A 

heating deviee m which electric current is 
conducted through hut is restricted by induc- 
tion to a probuTed path in a charge (load). 

INDUCTION EFFECT. An attractive force 
iietwu'en molecules, or a component of such 
force, due to the moment induced by an ad- 
jacent dipolar molecule. 

INDUCTION, ELECTRIC. (Electric Dis- 
placement Density; Electric Flux Density.) 
(Symbol: D.) The electric induction in a 
dielectric is relatc'd to tlie charge separation 
produced by an applied field E, It is defined 
i)y D - cE. The charge separation induced 
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on a conductor is controlled by D, rather than 
by E. Note that the electric field of a charge 
q immersed in a homogeneous dielectric me- 
dium is, in unrationalized systems, 

E — so lhat D = q/r" 
er 

and the total induced flux through any enclos- 
ing surface is ‘Wr; irn'spectivc of the dielec- 
tric. (See current, displacement; and polari- 
zation, electric.) 

INDUCTION, ELECTRIFICATION BY. 

The proximity of po-ili^e charge to a con- 
ductor atiraci.s lu'gative charge to tlie nearby 
portions of the conductor, and leaver freo, ro- 
])elle<l positive charges These latter can, bo 
removed by temporarily “grounding” the eon- 
duet or. Withdrawal of the ]>roximate ])osi- 
tive charge then haivc's the conductor nega- 
tively charged, by “induction.” 

INDUCTION FIELD. A loop or coil carry- 
ing a steady, direct curreni is surrounded by 
a steady magnetic field which decreases wWU 
the cube of the distance. When ‘sinusoidal 
current is passed through the coil, the result- 
ing magnetic field oscillates with tlic same 
frequency as the current, and now comymM's 
tlircc components The first of thes(‘ has an 
inverse-cube dependence on distance; it is 
given by the sanu' formula as the field for 
steady current, but multiplied by an oscillat- 
ing, sinusoidal factor. It is in ydiasc with 
the current. Thus component is therefore 
often called the “c^uasi-statie” field. One of 
the new components varies inversely with the 
sfiuarc of the distance, and is in ydiase (piadra- 
ture with the current. This jihase quadra- 
ture implies zero power factor; the energy 
in this component flows alternately away 
from the coil and back into the coil, with 
no net loss. This component is called the 
“induction” field and is responsible for 
the characteristic back-voltage of an induc- 
tance, and the induction of emf in another 
coil by mutual inductance. The last new 
component varies inversely as the distance, 
and is in phase w'ith the current The in- 
phase relation represents real powder loss; the 
energy is radiated awa^ ri'oin tlie coil, never to 
return. At Matively large distance, this 
component pred umnates; it is called the “ra- 
diation field.” 


INDUCTION FURNACE, HORIZONTAL- 
RING. A device for melting metal compris- 
ing an angular, horizontally-placed open 
trough or melting channel, a primary in- 
ductor winding and a magnetic core which 
links the melting channel with the primary 
winding. 

INDUCTION GENERATOR. When an in- 
duction motor is driven by mechanical means 
above synchronous speed its slip becomes 
n(‘gative and the machine W'ill act as a gen- 
erator if it has the proper excitation. The 
induction generator draws its exciting current 
from the line, wdiich puts a definite limit on 
the usc'fiilness of the machine. For the line 
current to produce the correct field the load 
must take a leading current from the genera- 
tor. "I'liis requirement for a capacitive load 
may he met by static condensers (almost 
never used) or synchronous macliines on the 
line Tlie sjiced of the induction generator 
docs not detennim' the frequency which is 
fixed by synchronous machines on tlu' same 
system. ^ 

INDUCTION HEATER, AUTOREGULA- 
TION. An induction h('a(('r in wliicli a de- 
sired eonti-jl is effecled by the change in char- 
acteristics of a magiudie charge (load) as it is 
heated at or near its Curie point. 

INDUCTION HEATER, DOMESTIC. \ 

cooking device in wdiich the utensil is healed 
by current, usually of conunereial line fre- 
quency, induced in it by a primary inductor 
associated with it. 

INDUCTION HEATER, MOTOR-FIELD. 
An induction healer in wdiich tlie inducing 
winding typifies that of an induction motor of 
rotary or linear design. 

INDUCTION HEATER OR FURNACE, 
CORE TYPE. A device in w'hioh a charge 
(load) is heated hy induction and a magnetic 
core links the inducing winding with the 
charge. 

INDUCTION HEATER OR FURNACE, 
CORELESS TYPE. A device in which a 
charge is heated by induction and no mag- 
netic core material links the charge. Mag- 
netic material may be used elsewiiere in the 
assembly for flux-guiding purposes. 
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INDUCTION HEATER OR FURNACE, 
DUAL-FREQUENCY. A heater in which tiie 
charge receives energy by induction, simul- 
taneously or successively, from a load coil or 
coils operating at two different frequencies. 

INDUCTION HEATER OR FURNACE, 
HIGH-FREQUENCY. A device for causing 
induced electric current flow in a charge 
(load) to be heated, the frequency of the cur- 
rent being higher than that customarily dis- 
tributed over commercial networks. 

INDUCTION HEATER OR FURNACE, 
LOW-FREQUENCY. A device for inducing 
current flow of commercial powtT line fre- 
quency in a charge to be heated. 

INDUCTION HEATING. The iieatiug of a 
nominally conducting material in a varying 
electromagnetic field due to its internal losses. 

INDUCTION, INTRINSIC (B.) (INTEN- 
SITY OF MAGNETIZATION). The intrin- 
sic induction or magnetic polarization of a 
medium is the vector differ(‘noe Ixdween the 
magnetic induction at the point of interest, 
and the induction which would exist at that 
])omt, for the same magnetizing force if the 
medium w^ere a vacuum there. 

B - + B„ 

where 7,^ is the magnetie constant (/io)« 
unrationalized systems of units the magnetic 
polarization is diTined by 

P,, = By47r, 

whereas in rationalized systems, 

Pm = B, 

In any system, tlie polarization is related to 
the magnetic moment density by — ymM. 

INDUCTION LOUDSPEAKER. See loud- 
speaker, dynamic. 

INDUCTION, MAGNETIC. Sec magnetic 
induction. 

INDUCTION, MATHEMATICAL. A gen- 
eral method of ]>roof in which a positive in- 
tegral variable is involved. It consists of 
two main parts: (1) direct verification of the 
theorem for the smallest admissible value ol 
the positive integer involved; (2) the alge- 
braic proof that if the theorem is true for any 
value of the integer, it is true for the next 


greater value. In conclusion, the theorem is 
provefi by combining the two parts. 

INDUCTION MOTOR. See motor, induc- 
tion. 

INDUCTION, NUCLEAR. Sie nuclear in- 
duction. 

INDUCTION OUTPUT TUBE. See tube, 
induction-output. 

INDUCTION, RESIDUAL. See residual in- 
duction. 

INDUCTION-RING, HEATER. A form of 
eore-typo iiidiiction heater adapted princi- 
pally for heating electrically conducting 
charges of ring or loop form, the core being 
open or separable to facilitate linking the 
charge. 

INDUCTION THEOREM. Consider a me- 
dium comprising tuo homogeneous regions 
(which may have different or identical prop- 
erties) separated by a closed surface iS. An 
impressed electromagnetic field E,, Hi gives 
rise to an induced field; the induced field is 
eompos(*d of a field reflected from the surface 
and a field transmitted by the sin face. The 
induced field is the same as that produced by 
electric and magnetic current-sheets on tlie 
surface, of densities 

J == n,- X Hi 
M - i:i X 11 

This is a eonseiiuenco of the Green theorem 
applied to the Maxwell equations. 

INDUCTION WATTIIOURMETER. See 
watthourmeter, induction, 

INDUC^TIVE FEEDBACK, See feedback, 
inductive. 

INDUCTIVE LOAD. An electrical load 
whose impedance has a positive imaginary 
component; i e., it acts like a combination of 
resistance and inductance, as contrasted with 
resistance and capacitance. ((T.: capacitive 
load.) 

INDUCTIVE (SHUNT, COIL) NEUTRALI- 
ZATION, See neutralization, inductive 
(shunt, coil). 

INDUCTIVE POST. See post, inductive. 
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INDUCTOMERIC EFFECT. A time-vari- 
able effect oi)(‘rating by the inductive nu'ch- 
anism; i.e., a ^rcneral displacement of elec- 
trons in a molecule under the influence of 
electrical fields. 

INDUCTIVE-RATIO BRIDGE. Sec bridge, 
inductive-ratio. 

INDUCTOMETER. A variable inductor, 
used for varying (he inductance in a net- 
work, as in })alaneing a i)ridge. It usually 
consists of (wo or more coils connected in 
scries, the adjustment being accomplished by 
variation of their relative positions and hence 
of their mutual inductance (s). 

INDUCTOR. (1) A device the |)rimnry ]Mir- 
pose of wiiich is to introfluee inductance into 
an electric circuit or network. (2) A con- 
ductor or bundle of conductors on an elecdric 
machine in which voltage is inductui by the 
cutting of lines of flux, e.g., the main <‘on- 
(luctors along tlu' surface* or in the slots of 
a generator armature. 

INELASTIC COLLISION. See collision, in- 
elastic; impact, plastic. 

INELASTIC SCATTERING. S(*e scattering, 
inelastic. 

INEQUALITY. The notation a C h means: 
a is less than h, ainl the notation a > /> 
mean^: a is great ('r than b. The notation 
a b means; a is either le‘-s than or e(|ual 
to b\ similarly for a b. The rules for op- 
erating with th('-^(‘ r(‘latiuns, which are called 
inecpiaiities, are: (1) if a < h, and b r, 
than 0 r; (2) if a < b, then (« + r) < 
(h + rl ; (3) if a < b and r > 0, then a-r 
b-c; (4) if (7 b and c < 0, then > 
b’C. If the sense of the in('(puility is the same 
for all values of the symbols for which its 
members are d(‘fined, the inequality is called 
an absolute or unconditional inequality. If 
the sense of an ine(iuality holds only for cer- 
tain values of the symbols involved, but is 
reversed or destroyed for other values of the 
symbols, the inequality is called a conditional 
incciuality. The staise of an inequality is not 
changed if both mem’j^*rs arc increased or de- 
creased by the same nv.nbcr nor is it changed 
if both iuend(Ts are multiplied, or divided, 
by the same positive number. The sense of an 
inequality is reversed if both members are 


multiplied, or divided, by the same nega- 
tive number. (See also Bessel inequality; 
Schwartz inequality.) 

INEQUALITY OF CLAUSIUS. The entropy 

of a syst(‘m undergoing an irreversible cyclic 
process tends to increase. This is one of the 
statements of the Second Law of Thermody- 
namics. (See thermodynamics, second law 
of.) It is equivalent to the statement that 
the entropy of the universe tends toward a 
maxinumi. 

INEQUALITY THEOREMS, METHOD OF. 

A tc'clmique for the X-ray analysis of crystal 
structure in which use is made of c(*rtain fun- 
damental inequalities, which must be satis- 
fied l)y the structure factors, to estimate their 
phases. 

INERTANCE, ACOUSTIC (ACOUSTIC 
MASS). The quantity which, w'h(*n muKi- 
plied by 27r times the frequency, gives the 
acoustic n'aetaiico (see reactance, acoustic) 
associated with the highest energy of the me- 
dium. 

INERTANCE, SPECIFIC. The coefrieiont 
which, wdien muliii)1ie(l by 27r times the fre- 
(lueney, gi''es the jiositive imaginary yiart of 
the specific acoustic impedance. (S('(‘ imped- 
ance, specific acoustic.) 

INERTEEN. Trade name for an Askarcl 
(chlorinated-synthetic) paper capacitor im- 
l)regnant. 

INERTIA. A property manifested by all 
matter, rej)res(*Titing the resi^^tance to any al- 
teration in its state of motion. Mass is the 
quantitative measure of inertia. 

INERTIA, MOMENTS AND PRODUCTS 

OF. In the general case of the motion of a 
particle or aggregate of partieh's wdth res|jeet 
to a single fixed i)oiiit, the ang\ilar momentum 
can be written as having three components 
with respect to a coordinate system based at 
the fixed point. 

IIx = + z,^) - o:u'Sm,x,yi 

Hy = —Ur^m,x,yi + + r,^) 

— us^'ZmfljiZi 

a X ” WxSrZI't fX iZ i 0)y'Sl7l^y^Zi 

+ Ux^m,{xf + y,^) 


453 


Inertial System, the Primary — Infrared Radiation 


whore Wr, co^ = romponenls of jin^iilar 
velocity, nil = miiss of ?th particle, .r,, ?/,, z, 
= coordinates of ith particle. 

The terms + -i^), + s,^), 

'Siiriiix^ + y^) are called moments of inertia 
with re.sp('ct to the a*, ?/, and z axes, res])ee- 
tively, and are symbolized by 7^.,, I yy and 7^^. 

The terms i^777,.rj/,, IV??, .r,:;,, (‘le., are (‘ailed 
the products of inertia and are symbolized by 
7 n/i 7 xzy €*tc . 

For a continuous rip:id body the summa- 
tions are replaccnl by integrals over the vol- 
ume of tlu‘ body. In a rigid i) 0 <ly, it is some- 
tiiiK's easi(*r to choose coordinate axes, called 
moving axes, which arc fixt'd in the Imdy. 
There always exists one set of such ;ixes, 
called |)rincipal axes, such that the jiroducis 
of inertia vanish and the angular momentum 
can be cxiin^^si'd i]\ t(‘rms of the moments of 
iiK'F'tia JiloTK' The moments of inertia with 
respect to the ])rincii)al axes are called the 
pnn(‘ipal nunnent^ of inertia and [losscss 
either maximum or mininuini vahi(‘s. 

INERTIAL SYSTEM, THE PRIMARY. A 

rcfercne(‘ sV'-t(Mn of coordinates based on tlie 
so-(‘alled “fix('d star^ 

INFINITE-IMPEDANCE DETECTOR. See 
detector, infinite-impedance. 

INFINITE LINE. A th u'cucal transmis- 
sion line of infinite lengtli 

INFINITESIMAL. A (luaiitity wnieh may 
become smaller than any assigned numIxT 
and thus become zero in the limit. 

INFLECTION, POINT OF. A point on a 
curve, // — j{x), vvIktc the second derivative, 
(Py/dx^, changes sign. Ceonietrieally, it is 
the j>oiiit at whicli a i)lane curve changes from 
(‘oneavity toward a fixed line to eouvexity to- 
ward it. 

INFLECTION-POINT EMISSION CUR- 
RENT. That value of current on the diode 
characteristic for which the second derivative 
of the current with respect to tlio voltage* is 
zero. Til is cmn'nt corresponds to the inflec- 
tion point of tlie diode characteristic, and is 
an approximate measure of the maximum 
space-charge-limited emission current. 

INFORMATION, MEASURE OF. The 
hartley. 


INFRA-BI.ACK REGION. The ‘‘blacker- 
than-black” region of a television signal cor- 
res])onding to an illumination level below the 
le\el •cre;ded liy the blanking signal. 

INFRARED ABSORPTION. The absorption 
of infrared radiation by ciyslals is due to the 
excitation of lattice vibrations in which ions 
of ojiposiie charge move* relative to one 
an()th(‘r (i.e., optical inodes) Such vibra- 
tions occur in n relatively narrow band of fre- 
fpiencies, with a maximum at the Restsfrahl 
wavc'lfugtli. 

INFRARED PHOTOGRAPHY. Tnfrared- 
scusith'e films and plates may he divided into 
two elass(“^- (1) mat(*rial.s of relatively liigh 
sp(‘ed to the extreme red and infrared, ie., 
froili approximately 7('0 to 900 millimicrons, 
and (2) materials sen‘j:itivc to much longer 
wavelt'iiglhs ])ut of lower s('n-itiveness The 
former an' U'^ed for g(‘n(*ral iihotography, for 
aerial ]>hotography and cinematography; the 
latter for sjx'ct oscopy in the infrared and 
other .sci(‘iit ific a[)plications rer|uiring sensi- 
tivity to waveh'ngths longer than about 900 
ni/uL. All infrar('(l-sen^itive mat(*rials arc sen- 
sit iv(' to vu)l(‘t and liluo and to tlu* extreme 
visible r(‘d as v(‘ll. For tnie infran'd photo- 
graphs, a ^'i'-ll^llly opaque filter transmitting 
the infrand only must he used. No filter, 
however, reqnrc'd when photogra]ihing hot 
bodies siicli as an (*leetri( flatiron, hot cast- 
ings. or high-j)ressure hoiler--, provided these 
show no visible glow^ The limit of infrared 
pilot ography is presently (1950) about 1200 

ni/A. 

INFRARED PROBI.EM. Consequence of 
quantum electrodynamics tlnat, calculated to 
the lowTst order, the cross-section for the 
jiroduction of low'-cnergy photons in the 
double Compton effect and in bremsstrahlung 
diverg(\s logarithmically. The difficulty dis- 
a])]x^ars wdnai radiative corrections to the the- 
ory of this proc(‘Ss are computed. 

INFRARED RADIATION. The band of 
electromagnetic wavelengths lying between 
the exireme of the visible (circa 0.75 microns) 
and the shortest microw^aves (circa 1000 mi- 
crons) Because many molecular-energy 
IcAeLs correspond to radiation in this range, 
infrared absorption spectra are of great use 
in chemical analysis, particularly of organic 
compounds. Since all bodies (not at absolute 
zero) radiate in this range, infrared systems 
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are of increasing importance to the military, 
since warm targets can be detected in the 
dark by their own radiation as distinguished 
from the necessity of lihiniinating a target to 
make it visible. Infrared radiation is some- 
times in(’orre<*tly calh'd ‘du'at radiation” be- 
cause warm bodies emit the radiation and 
bodies which absorb the radiation are warmed. 
However the radiation is not itself “lieat.” 

The infrared region is sometimes subdi- 
vided as follows: 

\V'ivpl(‘n^th ill 
Mi( ions 

Nciir infraicd Cimi 0 75 3 0 
Middle infiJiK'd 3 0 30 0 

Fur infriirc(l 30.0 -rin ji 1000 

INFRASONIC FREQUENCY. See fre- 
quency, infrasonic. 

INHOMOGENEOUS. The opi)osi(e of ho- 
mogcneou.s. 


INHOUR. A iiK'asnre of nuclear reactivity. 
If zero reactivity is defiiK'd as that reaeti\ity 
which causes a nuclear reactor to operate 
with constant power (infinite ixTiod), the re- 
activity in inhours is ecpial to the reciprocal 
of the reactor period, [irovided it is long 


“INHOUR'^ (INVERSE HOUR) FORMULA 
FOR NUCLEAR REACTORS. 1 he inhour 
tormula is 


Pih 


I 8 

d Xl - ' " 

] -f x/r 

I 8 

[_ V ‘ 

3()00A'.// 1 + 3()00X, 


wdiere pih (in inliours) is the reactivity corre- 
sponding to a reactor iieriod T (in seconds); 
I is the mean lifetime of thermal neutrons in 
the (finite) reactor; A\r/ is the multiplication 
factor for the finite reactor; /3, is the fraction 
of total neutrons eorre.^ponding to the dh <le- 
layed ncaitron grou]), and A, is tiic decay con- 
stant (in s('C " M of the iih delayed neutron 
group. Sometimes otluT formulas for reac- 
tivity are called the “inliour formula.” 


INITIAL IONIZING EVENT. In a radia- 
tion counter tube, any interaction by which 
one or more ions are produced, and which 
initiates a tube count. 


INJECTION GRID. The grid in a super- 
heterodyne mixer which injects the effect of 
(he local oscillator signal into the electron 


stream. In tubes designed especially for this 
purpose, this grid has little or no interaction 
with the other grids. 

INKOMETER. A device for measuring ad- 
hesion of li(]iiids. The rotation of one drum 
transmits a torque to another by virtue of 
the liquid ])laced in contact with l)oth, and 
the magnitude of the tonjue is measured. 

INNER BREMSSTRAHLUNG. See brems- 
strahlung, inner. 

INNER QUANTUM NUMBER. See quan- 
tum number, inner. 

INPUT CAPACITANCE (OF AN n-TER- 
MINAL ELECTRON TUBE). The short- 
eireuil transfer capacitance betwi'en the in- 
put tc‘rminiil and all other terminal, exee])! 
the out])ut ifM'ininal, eomu'cted together. 
This (juantily is e(|uival('nt to the sum of the 
interelectrode capacitances betwaan tbe in- 
put electrode and all other electrodes except 
the out])iit electrode 

INPUT EQUIPMENT. The equipment used 
for ml rodueing intorinatiori into a computer. 

INPUT IMPEDANCE. Se e impedance, in- 
put. 

INPUT IMPEDANCE OF A TRANSMIS- 
SION LINE. See impedance of a transinis- 
.sion line, input. 

INPUT IMPEDANCE, TRANSISTOR. S( e 
transistor parameter hn. 

INPUT RESONATOR. The bunclicr reso- 
nator of a klystron or other velocity modula- 
tion tube. 

INSCRIBER. See input transcriber. 

INSERT EARPHONES. See earphones, in- 
sert. 

INSERTION, D C. See d-c insertion. 

INSERTION GAIN, TRANSDUCER. The 
gain resulting from the insertion of a trans- 
ducer in a transmission system, which is the 
ratio of the power delivered to that part of 
the system following the transducer, to the 
pow'cr delivered to that same part before in- 
sertion of the transducer. If the input and/or 
output pow'cr consists of more than one com- 
ponent, such as multifrequency signal or 
noise, then the particular components used 
and their weighting must be specified. This 
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gain is usually expressed in decibels. The 
^‘insertion of a transducer’' includes bridging 
of an impedance across the transmission sys- 
tem. 

INSERTION LOSS, TRANSDUCER. The 

loss resulting from the inseriion of a trans- 
ducer in a transmission system, which is the 
ratio of tlie jiower delivered to that part of the 
system which will follow tlie transducer, be- 
foi’o insertion of the transducer, to the power 
delivered to that same jiart of the system 
after insertion of (he transducer. This ratio 
is usually expressed in decibels. If the input 
})ower, or the out pul power, or both consist of 
more than one component, (he jiarticular com- 
ponents used must be s]K‘cified. 

INSERTION POWER GAIN OF AN ELEC- 
TRIC TRANSDUCER. The ratio of (1) 
the power dev(‘lo})ed in the external l('rmina- 
tion (d th(' output with (he transducer in- 
scrt(‘d between generator and output termina- 
tion to (2) the power develoiied in the exter- 
nal t('rinination of the outimt vitli the gen- 
erator connected directly to tlu' outimt ter- 
mination. 

INSERTION VOLTAGE OF AN EI.ECTRIC 
TRANSDUCER. Tin* complex ratio of (1) 
tlu' alternating compotHml of voltag(‘ across 
the external t(n*mmation of tlu output with 
the transfiiic('r inserted between the generator 
and the output termin/ition to (2) tlu' volt- 
age across the ext(‘rnal tc’nnination of the out- 
put when the generator is eoniu'cted directly 
to the output termination 

INSIDE SPIDER. The fl(>xible eent('ring de- 
vice for the voice coil of a dynamic loud- 
speaker. (See loudspeaker, dynamic.) 

INSOLATION. Solar i-adiation, as I’eceived 
by the earth or other jdanets; also, the rate 
of deliveiy of the same, per unit- of horizontal 
surface. 

INSTABILITY CONSTANT OF COMPLEX 
ION. See ion, instability constant of com- 
plex. 

INSTANTANEOUS DISK. A recording disk 
designed to be played back immediately after 
recording. 

INSTANTANEOUS FREQUENCY. See fre- 
quency, instantaneous. 


INSTANTANEOUS POWER OUTPUT. See 
output, instantaneous power. 

INSTANTANEOUS RECORDING. An in- 
stantaneous disk. 

INSTANTANEOUS SOUND PRESSURE. 
See sound pressure, instantaneous. 

INSTANTANEOUS SPEECH POWER. See 
speech power, instantaneous. 

INSTRUCTION. Information which, when 
properly coded and introduced a.s a unit into 
a digital computer, causes it to perform one 
or more of its operations. An instruction 
commonly includ(‘.s one or more addresses. 

INStRDCTION CODE. A code for repre- 
s(‘nting the instructions' which a particular 
digital computer can execute. 

INSULATION, ELECTRIC. See electric 
insulation. 

INSUTjATOR, ELECTRIC. A body of very 
low conductivity used to support or separate 
eonductois witliout introducing an additional 
path for eh'ctric cnri’t'nt. 

INSULATOR, METALLIC. See metallic in- 
sulator. 

INTEGER. A whole number. 

INTECRABLE SQUARE. A function f{x) 

having the prup(‘i(y that 

< jo 

is intcgrabic square {f* is the complex con- 
jugate of f). 

INTEGRAL. (1) An integer. (2) In calcu- 
lus, is an int(‘gral of /(.r) if d<f)/dx = 

/(.r). The ])ro(‘(‘ss of finding jwi integral is 
integration or the invinse of differentiation. 
If r IS any real number, then <;>(x) -f- C is 
also an integral of jix), the integrand, and 
C is a constant of integration. Thus, if one 
integral ('xists, an infinite number of others 
may ho obtained by adding an arbitrary con- 
stant. Tliese are called indefinite integrals 
and indicated symbolically as 

J* f{^)dx = *(t) + C. 
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Elimination of Ihe constant by appropriate 
means gives a definite integral. 

INTEGRAL, CIRCULATORY. An integral 
of a vector function F: 

^ F'fls 

over a closed contour. It is a measure of the 
tendency of lines of force lo close w]). If F 
refers to a fluid, then the circulatory integral 
is a measure of the flow around tlie patli 
chosen. When the vector fu'ld has n ])ot(‘n- 
tial, tills integral is zero and the field i.s said 
(o be irrotational. 

INTEGRAL, CONTOUR. Se(' contour. 

INTEGRAL, COSINE. See integral, loga- 
rithmic. 


INTEGRAL, DEFINITE. The diffenmcc' be- 
tween values <jf an indefinite integral for two 
given valiu's of the independent \aiiable The 
definite integr{il of /(r) 1)etwoen the liniits 
a and h is denotewl by tlu' symbol 



Its properties include 


r f(.r)cLr = — r f(jr)dx; 
do J h 

^ J{x)(h = ^ -\r ^ f{x)dx. 


INTEGRAL, ELLIPTIC. Any integral of 
the type 

J Hj-M U r, 

where / is a rational function of its two ar- 
guments and /i* is a tliird or fourth degree 
polynomial m .r, wdth iio repeated roots. They 
may be reduced, by suitable eliange of vari- 
able, to a sum of clenumtary integrals and one 
or more of the following types: 





dt 

V(T - FfiV-kW) 

dw 

\/l — sin^ w ' 




— sin^ w dw; 


^3 




df 


dw 

Jo (sin^ w - a)\/l — A*^sin^ 


w 


These are incomplete elliptic integrals of the 

first, second, tliird kind, respectively When 
(‘xpressed in tcTins of t — sin i/', they are 
Legendre’s normal forms. Thf' con'll ant k 
(O' A“ 1) is th(' modulus and (i i^ an arbi- 
trary eon'-tant. If (p ir/'l, the intenraK are 
called complete. 

S(‘ri(‘s evalnalion of the (dliptic integrals 
may be made and nnmencal tables for them 
are availal)le They an‘ called elliptic Ix- 
caus(‘ they were lird studied in order to de- 
termine the eircinnference of the elly)^e 


INTEGRAL EQUATION. 'Pile ncnciiil lin- 
ear ('(jiialinn, said to he of the third kind, is 




+ X f 

do 


h 

K(x.::)(f>{^)dz 


The known functions are r/(.r), /br), and 
the latter being called the kernel oi' 
nucleus. The limits of th(‘ integral, a and b, 
are eitlu'r known functions of x or constant'- 
and A may be either an absolute constant or 
a parameter. The unknown ciuantity, found 
by solving the integral (‘(piation, i*- (f> as a 
function of the md(‘pendent variabh^ c 

Special cases are Fredholm and Volterra 
equations. Non-linear equations also occur. 
If one or both limits, or the kernel, become 
infinite, the equation is singular. If /(.r) = 0, 
tlie (‘quation is homogeneous, (leneral nudh- 
ods for solving integral ecpiations include the 
Lioiiville-Neumann series, the Fredholm 
method, the SchmidMIilbert method. 

A differential equation, together with its 
boundary conditions, may be fonnulaleil into 
a single expression as an integral equation. 
The resulting functions are particularly use- 
ful in eigenvalue or Sturm-Liouville equa- 
tions, which frequently occur in mathematical 
problems. (See also Abel integral equation.) 
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INTEGRAL, EXPONENTIAL. S( c integral, 
logarithmic. 


Three rlifl'ereiit line integrals may then be 
formed, using a scalar <f> or a vector V: 


INTEGRAL, IMPROPER. If /fz) oo as 

X — ^ o, the integral 



(2]fV;/r; 



V X ffr. 


(ItTiru'd by 




lim 

X * 0 



,r; S > 0 


is an improper intci^ral. lntoG;ral^ of this kind 
are s.iid to be converjient. Similarly, if 
/(/i — > CO X b: 




8 > 0. 


Jf f(s) — > ^ asS X r, wIh'H' r ih Ix'I’ween a 
and h: 



f(.r)(Lr -t- 



'Thc results of int(‘i!.ration are a vector, a 
scalar, a vector, res])ectively. 

In each raN(‘, the line intep^ral may be re- 
duced It) a sum of definite inteo-rals and evalu- 
ated by th(' u^ua‘ methods of intcj;ral calculus. 
The lint' in1<'i!,ral may ])e e;t‘n(Tali/ed for the 
complex varialiV' and the result is a contour 
intcp;ral. 


INTEGRAL, LOGARITHMIC, 
intej^ral 


biz) 



Tin definite 


If : - c% the function is also called tlie ex- 
ponential intcjc^ral 

iir 

fj (/ t) ™ (h (.r) h 1 Si (j) f- 

2 


where (d (.r), Si f.rl are the iinjiroper in- 
t(‘<;rals called the cosiiu' integral and sine 
integrad, re^jif'etively : 


Tlieso improjier intc^grals arc' also cmIIcm! con- 
vergent. 


Gi (id 



«)S / 

-dt 

t 


INTEGRAL^, INFINITE. If f(,r) is contin- 
uous foi- .r>o ami if the' delinite integral 

(j{s)dx 

da 

approaches a limit as i — » this liriiil is (lc»- 

noted by 



and called an infinite integral. Tin* inlegral 


- C + hi 
’ sin / 


f 


( I — cos i)di 


C s;u t TT r s 
Si (.n ^ - 


/ 

sin t 


dt 


(' the Euler-Mascheroni constant. 


INTEGRAL, MULTIPLE. An expression vc- 
(|Uinng more than one integration in order to 
find tin* integral. (See integral, surface and 
inlegral, \'olumc.) 



v)dx 


is defined in a similar ^^ay and 




x)dx + 



INTEGRA!., PARTICUIAR. An integral in 
which the constant of integration has been 
asMgned ‘-onie ^pi'cia! value. The tc'rm usu- 
ally refers to an inlegral found as the solu- 
tion of a differential equation. 

INTEGRAL, SINE, See integral, logarithmic. 


INTEGRAL, LINE. Suppose r = r(f) de- 
termines a curve C in space and that dr is 
an infinitesimal line element of this curve. 


INTEGRAL, SURFACE. To integrate a 
function j{x,y) over a given surface in the 
AUT-planc, the methods of calculus show 
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that the result is a definite double integral, 
usually called the surface integral 


/7 

ai b] 


Kx,y)dxdij 


where the limits of tlic integral ion arc chosen 
60 that the entire surface *S is covered. Vector 
methods are useful for discussing such inte- 
grals for the surface element dS may be treated 
as a vector, dS ~ dx X dy. If V are scalar, 
vector functions, resiiectively, there are three 
possible surface integrals: 

(l)r«dS; (2)fy-dS; (3) fv X dS, 
ds 


whi(*li give a vector, a scalar, a vector It is 
convenient to write only one integral sign, in 
general, and to understand by the symbol S 
that the limits of integration are suitably 
chosen. 

In oa^e (2), if V is the product of density 
and velocity of a fluid (or electric, magnetic, 
gravitational force; heat, (dc.), the integral 
is the flux of V througli the surface. (See also 

area.) 


INTEGRAL, VOLUME. In elementary cal- 
cuius the idea of a surface integral is extended 
to treat the (‘ase of (Ih‘ volume of a solid. If 
tlie bounding surface' of the solid is given by 
/(j,7/,3), then the volume is the definite triple 
integral 


///• 


dxdtjdz 


where the limits of integration are cIiom'ii as 
recpiired in eacli ease Tn vector notation, the 
element of volume dr - dxdydz is a scalar. 
There are thus two possible volume integrals: 

(]) r 4xJr-, (2) f \dr, 


where is a scalar and V, a vector. The in- 
tegrals are, respectively, a scalar and a vector. 
As is frequently the custom, only one integral 
sign is used and the symbol t as a reminder 
that the integration is triple and that appro- 
Iiriate limits of integration are to be supplied. 
(See also volume. 


INTEGRAND. The quantity written behind 
an integral sign and thus any function which 

is to t'o integrated. 


INTEGRATED X-RAY REFLECTION. A 

measure of the intensity of the beam of X-rays 
ndleeted by a given atomic plane, obtained 
by rotating the crystal through a small angle 
about tlic general direction of the beam, and 
averaging the intensity. This is necessary 
hocau.se the beam is never quite sharply de- 
fined, owing to mosaic structure in the cyrstal. 
It is usually w'ritten 

p = 

where E is the total reflected energy, w the 
angular velocity of rotation, and I the total 
incident radiation energy per second. 

INTEGRATING CIRCUIT. See network, in- 
tegrating. 

INTEGRATING FACTOR. A quantity 
w^hicli converis a diffiTcntial equation into 
an exact differential. Tlie eipiation is then 
iiiiegrable by quadrature. 

INTEGRATING METERS. The ordinar>^ 
electric service meter measures the total (*lec- 
(nc (‘iK'igv us(‘d over a ])eri()d of tune. It is 
ill jiriiiciple much like a wattmeter, exci'pt 
that (h(‘ movabli' (‘oil is replaced by a motor 
armature' rotating against a magru'tic damp- 
ing arrangi'inont 'Phe sj^'cvl of revolution is 
pi oportional to tli(' tonpK', which, m turn, is 
proportional to tlie product of (Mirrent and 
(‘loci romotn e forc('. The total revolution of 
the annabin* i^ reconled on dial^ by jiointiTs 
suitably geared to the armature shaft Since 
angle — revolution speed X time, tlie reading 
of (lie dial is [iroportional to current X elec- 
tromotive torce X time, that is, to ampc'res X 
\olts > lioiirs or watt-hours. Other integrat- 
ing naders may record such (juantities as total 
cliai ge 

fm 

or magnetic flux 

J ((m/dt) dt. 

INTEGRATING NETWORK. See network, 
integrating. 

INTEGRATING PHOTOMETERS. The 

usual ty))es of photometer give the luminous 
intensity of a source as viewed from one direc- 
tion only. A still more significant quantity 
is the mean spherical candle power, that is, 
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the average luminous intensity from all direc- 
tions. To obtain such average's, some type 
of integrating photometer is used. The most 
common device at present is the “sphere” or 
“globe” photometer. This has a large hollow 
globe, f)aintcd white insid(' with barium sul- 
fate paint. The lamp is moiinled at any con- 
venient point inside, and the resulting diffuse 
illumination of a transj^areiit screen covering 
an opening in one side is measured by a pho- 
tometer. (The screen must be protected from 
the direct rays of the lamp.) It was shown 
by Sumi)tner that under these conditions, the 
illumination on the screen is proportional to 
the mean spherical candle pow('r, and is inde- 
pc'ndent of the orient iit ion or the position of 
the lamp. 

INTEGRATION. Tlv' pi-ocess of finding an 
integral, thus the ])me('sc; inv'crse to differen- 
tialion. If tli(' int('grand is simple in form, 
thf' integral may he solved by rerneinhoring 
whal function would give tlic integrand by 
dirierentiation. In most cases, the integrand 
must he converted into one or more such ele- 
mentary integrals by various nu'ans. Those 
include: integration by parts; substitution of 
a new variable; (‘on^Trsion into partial frac- 
tions; use of reduction formulas. Collected 
results of this kind are found in tables of 
integrals. 

Jf these de\ices fail, olli('r ])()ssihilities in- 
clude: graphieal and numerical integration, 
series integration. (Sec also quadrature; 
cubature.) 

INTEGRATION BY PARTS. If u and ?- are 

functions of a single independent variable, 
differentiation of tlieir product gives d{f(v) — 
udv -f vdit. The inverse formula is that for 

integration by parts 



It frequently happens that a given function 
is not integrable directly but a solution ma>' 
be found by this method. For a definite in- 
tegral the formula may be written 

f(T)dg{x) = f/(T)!7(a-)1^ - f gir)df{x). 

INTEGRATION, GRAPHICAL. See graph- 
ical integration. 


INTEGRATOR. A device whose output is 
Iiroportional to the integral of an input signal. 

INTELLIGENCE BANDWIDTH. The sum 

of the audio (or video) frequency bandwidths 
of the one or more channels. 

INTELLIGIBILITY. See articulation. 

INTELLIGIBIIJTY, DISCRETE SEN- 
TENCE. The j)er cc'iit intelligibility (sec 
articulation) obtained ulu'n the speech units 
considered ar(' sentences (usually of simple 
form and content). 

INTELLIGIBILITY, DISCRETE WORD. 

The per cent intelligil)ility (see articulation) 
obtaiiH'd will'll the spc'eeh ’mils considered are 
words (usually jirtsenled so as to minimize 
the contexfual relation Ix'tweon Ih('m). 

INTENSIFICATION. A process for increas- 
ing the density and contrast of a photographic 
image by depositing thereon silver, or a com- 
pound of meremy, coppiT, lead, uranium, or 
other metal. Intensification may also be 
effected by mordanting dyes to th(' image, but 
this metliod is not in geneial use. 

INTENSIFIER ELECTRODE. See elec- 
trode, intensificr. 

INTENSIFYING SCREEN. A fluorescent 
screen or layer phu'cd in close contact with a 
photographic plate used in x-ray or ultra- 
violet work, the lluorescent light from wdiich 
adds its effect to that of tlie invisible rays in 
producing an image on the plate. 

INTENSITOMETER. A device for deter- 
mining relative x-ray intensities during radi- 
ograjdiy, in order to control exposure time. 

INTENSITY DIFFERENCE, MINIMUM 
PERCEPTIBLE. For any given freqiu'iiry, 
the niiniinum difference m intensity of two 
sounds that can be distinguished by the 
human ear. (See difference limen.) 

INTENSITY, ELECTRIC. See Held strength; 
and field, electric. 

INTENSITY LEVEL (SPECIFIC SOUND- 
ENERGY FLUX LEVEL) (SOUND-EN- 
ERGY FLUX DENSITY LEVEL). The in- 
tensity level, in decibels, of a soimd is 10 times 
the higarithm to the base 10 of the ratio of 
the intensity of this sound to the reference 
intensity. The reference intensity shall be 
stated explicitly. In discussing sound meas- 
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uroments made with pressure or veloeity mi- 
crophones, ospcciiilly in enclosures involving 
normal modes of vibration or in sound fields 
containing standing waves, caution must he 
observed in u^ing the terms “inten^^itv'' and 
'intensity level/^ Under such conditions it is 
more desirable to use the terms pressure level 
or velocity level ‘^ince the relation'^hip between 
the intensity and the jirebsiire or velocity is 
generally unknown. 

INTENSITY, LUMINOUS. The luminous 
flux (see flux, luminous) per unit solid angle 
emitted by a source. 

INTENSITY METHOD OF MEASURING 
TOTAL ABSORPTIVITY. A nu^thod, due to 
Kmidsci), of measuring lh(‘ total ahsorpti\ity 
(see sound absorption coefficient) of a room, 
in ^hich the ma\innnn steady stale energy 
density is measured before and aftiT tin* addi- 
tion of a known anionnt of al)s()i*[)hon. The 
total ahsorjitivity a can then he determined by 
the relation 

a = — — 

^max ^ 

/y’' 

mnx 

where E'max ks the nuixiinum st(‘ady state en- 
ergy density after a' units of absorption ha\e 
been added. 

INTENSITY MODULATION. Se(‘ modula- 
tion, intensity. 

INTENSITY OF A SPHERICAL SOUND 
WAVE, FORMULA P'OR. The intensity of 
a byiherieal sound wave in a dissipative me- 
dium is given by 





where / = intensity in ergs/cm^-sec, P = 
power output of source in ergs/see, r = dis- 
tance from source in cm, a = amplitude 
absorption eoefheient in nepers /cm. 

INTENSITY OF A SOURCE OF PARTI- 
CLES. The t(dal number of particles emitted 
per unit area per unit time. 

INTENSITY OF RADIATION. The energy 
or the number ot photons or of particles, flow- 
ing through unit area per unit time. For 
parallel radiation, the area refers to a sur- 
face normal to the direction of propagation. 


INTENSITY OF RADIOACTIVITY. The 

number of atoms disintegrating per unit time, 
or derivatively, the number of scintillations 
or other effects (roentgens per hour at one 
meter) ohscrvccl per unit time. 

INTENSITY, RADIANT (OF A SOURCE). 

The rate of transfer of radiant energy (see 
energy, radiant) per unit solid angle. 

INTERACTION REPRESENTATION. Rep- 
resentation of the ecjiiations of motion, espe- 
cially in quantized field theory, where the 
time d(‘pendence is carru'd pai'tly by the state 
vector and partly by the oi)erators (Cf. 
Sehrodinger representation, Heisenberg rep- 
resentation.) 

INTERACTION SPACE. In electron de- 
vice's, tiu' s])aee Ix'lwec'ii the el(*et rodes m 
which ('Tiergy is tran^h'rred lo or from elec- 
trons. 

INTERCARRIER NOISE SUPPRESSION. 

Tlie partial or oom])letc siltmeing of a receiver 
as it is being tuned between stations. 

INTERCARRIER SOUND. The nudliod em- 
ployed in those television reeei\(‘r'' whie'h 
make us(' of th(‘ b'lexision picture' e*airier and 
the asso(‘iate'd sound carrie'r lo pioduee a fi’('- 
(luency-moeliilate'ei signal wheKse center fre- 
quency (or intermediate frecincncy) is equal 
te) tlie elifference Ix'tween tlie two carrier fre'- 
quencies. 

INTERCHANGE. The mixing of tracer anel 
aeldeel isotopic carrier such tliat the two par- 
ticipate to the same degree in any reviction, 
sliowing that mixing has occurred in whatever 
chemical forms the tracer may have originally 
been distributed. 

INTERCOMMUNICATING SYSTEMS. 

Loudspeaking ti'lejihones for use in communi- 
cating bet^\e'en tv\o rooms. The simph'st sys- 
tems consist of a master unit — amplifier, mi- 
cro[)hoiie, loudspeaker, and a talk-listen 
switch — and a remote unit — microphone, loud- 
speaker and a talk-listen switch. 

INTERELECTRODE CAPACITANCE 
(i-ZTH INTERELECTRODE CAPACI- 
TANCE Cji OF AN n-TERMINAL ELEC- 
TRON TUBE). The capacitance determined 
from the short-circuit transfer admittance be- 
tween tlie ;th and the Ith terminals. This 
quantity is often referred to as direct inter- 
olcctrode capacitance. 
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INTERELECTRODE TRANSADMIT- 
TANCE (H INTERELECTRODE TRANS- 
ADMITTANCE OF AN n-ELECTRODE 
ELECTRON TUBE). The sliort-circuit 
transfer admittance from the ;th electrode to 
the Zth electrode. 

INTERELECTRODE TRANSCONDUCT- 
ANCE (H INTERELECTRODE TRANS- 
CONDUCTANCE). I'lie real part of the j-l 
intcrelectrode transadmiltance. 

INTERFACE. A Mirfacc which forms the 
boundary between two phase's or systems. 

INTERFACIAL SURFACE ENERGY. The 
work recpiinwl 1o incr(‘a^e an interface be- 
tween two immiscible or partly miscible 
liquids by 1 cm-. 

INTERFACIAL TENSION. The (•ontractil(‘ 
force of an mtertace ])etween tw'o liquids, re- 
suHiiu; from tlu'ir surfa(‘e tensions, and the 
attraction belwtsai the molecules of the two 
liquids. It is commonly determined by meas- 
uring the inlcrfacial surface energy. 

INTERFERENCE. (i) The variation oi 
wav(‘ anqilitnde wuth distance or tmu', caused 
l)y ilie sup(*r])OMtu)ii ol two or more waves. 
As most commonly u^i'd the bu’m to tlu' 

intin fi‘U'nc(* of wunc-^ of the sanu' or nearly 
the same fu'quency. WiwQ interference is 
characterized by the jilnmomenon of the oc- 
enrriMKM' of h)cal niaMiua and iiimima of wave 
amplitude, wdiii’li cannot l)(‘ described by tie' 
ray a])proximation to solutions of the wuiv(‘ 
e(iuation. In terms of the Huygens approxi- 
mation, inlerference can occur wlamever wave 
distui’baiice can be propagsti’d from a sourci' 
to a K'gioii of space by two or more jiaths (»1 
dilTerent length. Tlnue is (destructive) int(']- 
ferenci' if the ))has(‘s and amiilitudes of tlie 
disturbances arriving by the various route- 
arc such as to reduce the square of the re- 
sultant amplitude below the sum of the 
squares of the amplitudes of the components 
Two or more sources may only be used if 
there is a fixed phase-relation between them. 
(2) Sound interference results when the waves 
concerned are sound waves. (3) Optical in- 
terference occurs with light waives. Thus, a 
beam of radiation may be separated into tw’o 
jiarts, follow’ different ])atlis and then brought 
back to form a single beam. Unless the twm 
paths are of identical optical length, the two 
beams may not bo in phase, and can destruc- 


tively interfere at some points (dark) and 
constructively interfere at other points 
(bright). From the principle of conserva- 
tion of* energy, it is known that there is not 
a loss in energy due to interference. The 
energy missing at dark iioints wdll be found 
in tlie bright points. Interference patterns 
are commonly light and dark bands, all of 
equal wddth. Light beams wdiich can cause 
int(‘rference patterns are called ‘‘coherent,” 
whih' beams w'lmdi cannot cause interference 
patterns are “incohen'nt.” (j) In a signal 
t raii^mi^'-ion sy'^tem, interferc'iice is either ex- 
traneous power wliich tends to iiderfere with 
the reception of tlie jh'sired signals, or the 
disturbance of signals which n'sults. 

INTERFERENCE, AnjAC:ENT-CHANNEL. 
Interference in wdiich the extraneous power 
originates innu a signal of assigned (author- 
iz(*d) type in an adjacent channel. 

INTERFERENCE. CO-CHANNEL. Inter- 
ference hetw’cen tw’o signals of tlu* same type 
in the sanu' radio cliannel. 

INTERFERENCE ELIMINATOR. An in- 
terference filter. 

INTERFERENCE FILTER. (1) A filter 

Used lu sufijiros man-madj' interference en- 
lering a naadver fiaiin the powa'r line. (2) A 
filler wliiidi ellei^ti' <‘ly inereases the selec- 
tivity of a re(*eiver. thus decnaising its sensi- 
tivity to strong adjacimt- channel, image or 
intermediate-frequency transmissions. (3) 
An optical de\iee wdiicli transmits only a nar- 
low’ band of waavelengths, oth^^r w^avebrngths 
being suppressed by the drstructive interfer- 
ence (:l) of waives transmitted directly through 
the filter and those ri'flected 2n tinu's, where 
n i^ an intcgiu' (from back and front faces of 
the filter). 

INTllRFFRENCE FRINGES. See interfer- 
cnee (3). 

INTERFERENCE GUARD BANDS. See 

bands, interference guard. 

INTERFERENCE MAXIMA AND MINIMA. 
See interference (3). 

INTERFERENCE, OPTICAL. See interfer- 
ence (3). 

INTERFERENCE, ORDER OF. See order 
of interference. 
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INTERFERENCE, SECOND - CHANNEL. 
Interference, in which the extraneous power 
originates from a signal of assigned (author- 
ized) type in a channel (wo channels n moved 
from the desired channel. 

INTERFERENCE THRESHOLD. A meas- 
ure of the sifinal-to-noise rcciuircmeni for vir- 
tually error-free I ransinishion and rcee])tion. 

INTERFEROMf:TER, ACOUSTIC. A de- 
vice for measuring velocity and absorption of 
sonic or ultrasonic w'aves in a j2:as or luiuid. 
The waves arc established by a viliratin^ 
quartz crystal, and the absorption or lack 
thereof is measured by observing the strength 
of the pattern of standing-waves, estahlisluvl 
in the inc'dium between the sound source and 
a reflector, as the hitter is rnovi'd, or the fre- 
quency is varied. The separation of ])eaks in 
the standing wave jiattern ])rovide^ informa- 
tion for determining tlu' v(‘locity at which the 
waves travel. 

INTERFEROMETER, OPTICAL. Any ar- 
rangement whereby a beam of light from a 
large, luminous area (as a sodium flame) is 
sejiaraied into (wo or more jiarls by jiarlial 
reflections, tlie ])arts bi'ing siibs(‘(|iienlly re- 
united after traversing different ojilical ])a(lis 
The two components (hen piodiiee interfer- 
ence. The best known ins(rumont is lha( of 
Alichclson, shown diagraminalically in the ac- 
companying figure The original beam a is 



Diagram of Miehrlson interfeiomi'lcr 


separated at the surface AM of a glass plate, 
part of it (1,1') going to a mirror A/i and part 
(2,2') going on thr'’'igh a second, exactly sim- 
ilar plate B to the • lirror il/ 2 . They reunite 
at AM and are observer! together at E. One 
of the mirrors, Mi, is mounted on a microm- 
eter screw so that its distance from AM can 


be varied, the fihase difference of the reunited 
beams thereupon passing through a series of 
cycles. If Ml or M2 is not (luitc perpendicular 
to the beam reflected by it, the field at E is 
cro>sj 3 ed by interference fringes, which move 
across the field as the mirror Mi is moved. 
Each complete cycle corresponds to a dis- 
])laccment of My equal (0 a half-wavelength. 
The Fabry and Perot interferometer is some- 
what sim])hT in d(‘sign, but utilizes multiple 
reflection and jiroduces very sharp fringes 
(high resolving jiowcr). 

lnlerf(‘rom(‘ters are used for precise meas- 
urements of w'avelciigth, for the measurement 
of \ery small dist.anees and thicknesses by 
using knowm w^avelcngths, for the detailed 
study of the hypcrfinc structure of sjiectrum 
line'-, for the precisi' determination of 'Tfrac- 
tive indices, and, in astrophysics, for the 
measurement of double-star separations anrl 
the diameti rs of very large stars. 

INTERGROWTII. Sci overgrowth. 

INTERIONIC ATTRACTION THEORY. 

E\en ill eonc('ntrat(‘(l solutions, there is a 
high (U‘groi‘ of ionization. The reason, llu'ri'- 
fore, (hat (In' pi ()[)('! of ^tiong ('h'ct rolyti's 
(lepait Horn Ihox' calcuhiled under the Ar- 
rhenius ionic theory i" not solely atinlmtal le 
to incomplete ionization, hut inv^olves the 
eleeirostatie attractions betwiTii ions of op- 
posite charge, and the rc'puKions between ions 
of like eharge. In solution, each positive ion 
is surrounded, on the average, with an ionic 
atmosphere of negative ions, and vice versa. 
(See also theory of electrolytes.) 

INTERLACED SCANNING. See scanning, 
iiitei laced, 

INTERMEDIATE FREQUENCY (IF). The 
freciueney in superheterodyne reception re- 
sulting from a frequency conversion before 

demodulation. 

INTERMEDIATE - FREQUENCY - HAR- 
MONIC INTERFERENCE. In superhetero- 
dyne receivers, interference due to radio-fre- 
quency circuit acc(‘ptance of hanuonics of an 
intermediate-frequency signal. 

INTERMEDIATE - FREQUENCY INTER- 
FERENCE RATIO. Sec intermediate-fre- 
quency response ratio. 
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INTERMEDIATEFREQUENCY RE- 
SPONSE RATIO. The ratio of (1) the field 
strength at a specified frequency in the in- 
termediate frequency band to (2) the field 
strength at the desired frequency, each field 
being applied in turn, under specified condi- 
tions, to produce equal outputs. 

INTERMEDIATE NEUTRONS. See neu- 
trons, intermediate. 

INTERMEDIATE STATE. The state of a 
superconducting material in an external mag- 
netic field approaching the critical field. 
From the Meissner effect, magnetic flux be- 
comes concentrated in certain regions, which 
beronie normal; the flux redistributes itself 
in such a way that the whole system lias mini- 
nuim free energy, the result being usuallj' a 
coni]flicatc(l, fine-grained domain structure of 
alternately normal anfl superconducting re- 
gions. 

INTERMEDIATE SUBCARRIER. A car- 
rier whi('h may \)r iiiodulated by one or more 
Mibcarriers, and which is used as a modulating 
W'ave to modulate a carrier or another inter- 
m(*diate subearrier. 

INTERMETALLIC COMPOUND. In cer- 
tain alloy systems disliiict phases occur wdiere 
the conrtitiient atoiii'^ arc hi HxcmI iutc'gral 
ratios, e.g , CaiZn (/^-hrass) , Su(‘h a coin- 
jiourid is held together by metallic bonding 
and may form a Aany complicated crystal 
structure. The eonstitulion of such an alloy 
is often govenuHl liy the Hume-Rothery rules. 
In some cas(*s, if the electron concentration is 
such as to just fill a band, the material may 
even be semiconducting (e.g., InAs). 

INTERMITTENT-DUTY RATING. 6ee rat- 
ing, intermittent-duty. 

INTERMITTENCY EFFECT. The depar- 
ture from the reciprocity law when the expo- 
sure of a photographic oiriiilsion is made in a 
series of discrete installments rather than in a 
continuous cx])osurc to the same total energy. 

INTERMODULATION. Tlie modulation of 

the components of a complex wave by each 
other as a result of which waves are produced 
which have fre(iuencies equal to the sums and 
differences of integral multiples of those of 
the components of the original, complex wave. 


INTERMODULATION DISTORTION. Dis- 
tortion resulting from intermodulation. In 
audio systems intermodulation distortion is 
measiired in several different w^ays. One of 
the most common methods of measurement 
involves the determination of the rms value of 
all the sidebands j^roduced w’hen the system 
is simultaneously subjected to a low-frequency 
signal (40-100 cps) and a high-frequency sig- 
nal (40O0-cSOOO ci)s). By this method, per- 
centage intermodulation is expressed as the ra- 
tio of the rms sidc'band vollagos to tlie nus 
value of the high-fre(pieucy (carrier) fre- 
quency signal, when tlie magnitude of the 
high-frequency signal is one-fourth that of the 
low^-frequency signal. 

INTERMODULATION INTERFERENCE. 
Interference in superheterodyne receivers 
cause<l 1)> (ho intermodulation of two unde- 
sired signals liaving freciuencics wdiich differ 
by an amount equal to the intermediate fre- 
quency. The intermodulation may occur in 
the radio frequency amplifier, (he mixer or 
both. 

INTERNAL COMBUSTION ENGINE. An 

engine in which combustion of a fuel takes 
place within the cylinder, anrl the products of 
combustion form the working medium during 
the ]H)wa'r stroke. 

INTERNAL CONVERSION. The emission 
of an elect i“on called a conversion electron in 
tlie de-excitalioii of a nucleus by direct cou- 
pling between the excited nucleus and an ex- 
tranuclear electron, commonly from the X-, 
L- or jU-shell. Kinetic energy, equal in 
amount to the difference betwTcn the transi- 
tion energy and the emitted electron’s bind- 
ing energy, is possessed by the electron. The 
direct emission of the excitation energy in the 
form of a gamma ray photon is a competing 
})rocess. The internal conversion is followed 
by emission of Auger clcch-ons or character- 
i.stic x-rays (see x-rays, chanicteristic) in 
consequence of the necessary rearrangement 
of the atomic electrons. 

INTERNAL CONVERSION COEFFI- 
CIENT. (]) The ratio of the probability of 
an internal conversion transition between the 
same two states. This coefficient has differ- 
ent values for the ejection of electrons from 
the /v, L, etc., shells, and the total internal 
conversion coefficient is the sum of the if, L, 
etc., conversion coefficients. (2) Formerly, 
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the internal conversion coefficient was de- 
fined as the probability that a conversion 
electron rather than a y-ray nhoton would 
be emitted. 

INTERNAL CORRECTION VOLTAGE. In 
an electron tube, the voltage that is added 
to the composite controlling voltage, and is 
the voltage equivalent of such effeets as those 
inoduced by initial electron velocity and 
contact potential. 

INTERNAL ENERGY. The energy ascribed 
to a given state of a system, whieli is deter- 
mined only by the state itself (and is thus a 
scalar (luantity) and is not account(‘(l for by 
the kinetic energy of bulk motion or poten- 
tial energy in exU'rnal force fu'lds By ther- 
modynamics, tlie change in tlu‘ internal en- 
ergy when the system goes adiabatically 
from one state to another is equal to the cx- 
teinal work performed in bringing about the 
ehangc. On a molecular scale, the internal 
energy is the sum of the kiru'tic (auagy of the 
thermal motion of the molecules and the sum 
of their potential eruTgies in each other’s fields 
of force By the first la^v of th(‘rmodynamies, 
the change of internal energy in any process 
IS equal to the difference of the heat gained 
and the external work done In this liook 
the symbol U is ust‘d for internal energy; 
however, E is also in gerural use. 

INTERNAL FRICTION. (1) The damping 
of elastic vibrations of a solid, i.e., anelastic- 
ity. (2) For internal friction of a liquid, see 

viscosity. 

INTERNAL PRESSURE. See pressure, in- 
ternal. 

INTERNAL ROTATION, RESTRICTED. 
See restricted internal rotation. 

INTERNAL STANDARD. (1) A material 
present in or added to samples in known 
amount to serve as a reference for spectral 
measurements. (2) An electrical component, 
such as a standard cell, or a standard re- 
sistor, built into an instrument to allow the 
instrument to be calibrated without tlic use 
of external standards. 

INTERNAL STAND VRD LINE. A spec- 
tral line of mi internal standard, with refer- 
ence to whicl the radiant power of an ana- 
lytical line is measured. 


INTERNAL TRANSMITTANCE. Sec trans- 
mittance. 

INTERNATIONAL. When used before the 
name of an oleelrical unit, the tenn “Interna- 
tionar^ indicates the unit accepted by the In- 
ternational Conference held in London 1908 
and used as a legal unit prior to 1950. The 
relations of the International units to the 
present legal standards arc treated in the In- 
troduction. 

INTERNATIONAL ANGSTROM. A unit of 
length used in measuring the wavelength of 
light and defined so that tlie wavch'ugth of 
the red cadmium line shall be 6438.4690 In- 
ternational Angst roin*;?. Note that the ang- 
strom is ordinarily (hTined as 10 ® centi- 
meters. 

INTERNATIONAL RADIO SILENCE. 

Thrcc-minute periods, starting 15 minutes 
and 45 minutes after the hour, when all radio 
stations (especially radiomarine) may cease 
transmission and listen to the international 
distress frecpicncy of 500 kc 

INTRANUCLEAR FORCES (n-p, p-p, n-n). 

It is believed that the attractive I??-/?), (neu- 
tion-neulion) , and (p-p), (proton-proton) , 
foiees aie virluall> erpial, but that (he l.ilti'r 
is apparently (h'ci eased to some extent be- 
cause of electrostatic repulsion between th(‘ 
pmitons. Tli(‘ (p-a), (proton-neutron), force 
is believed to be somewhat greater than the 
(p-p) or (n-n) forces. 

INTERPHASE. The boundary surface be- 
twa^en two phases. 

INTERPHASE REACTOR. An interphase 
transformer. 

INTERPHASE TRANSFORMER. A trans- 
former (usually a center-tapped autotrans- 
formcr) employed in some polyphase recti- 
fier circuits to connect two jioints having the 
same average d-c potential, but different a-c 
potentials. The d-c current is customarily 
taken from the center tap of this transformer. 

INTERPOLATION. A process by which an 
appropriate value is placed between tabu- 
lated, experimentally determined, or other- 
wise known values of a function. Linear in- 
terpolation is based on a principle of propor- 
tional parts; when the variable (or argument) 
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Interpolation, Inverse — Interval, Sound 


changes by a small amount, the change in the 
tabulated function is very nearly proportional 
to the change in the variable. For more ac- 
curate woi’k, the relation between the two 
variables is usually approximated by a poly- 
nomial, and finite diflFerences are used with 
formulas of Newton, Lagrange, Bessel, Stir- 
ling, etc. 

INTERPOLATION, INVERSE. Given ij - 
/(x), in tabulated numeriejil form, a process 
of finding x for a value of //, inlermediate be- 
tween two tabulated values. Possible proce- 
dures include: Lagrange’s formula for inter- 
polation; successive approximations; rever- 
sion of scries applied to other interpolation 
formulas. 

INTERPOLATION, f JNEAR. If (x , .//, ) 
and (X2J/2) are neighboring entries in a nu- 
merical tal)le, a value of (he dep(‘nd('nt vari- 
able y for a value of the argument x between 
Xi and .ro is given by 


The jiroecdiire assumes tliat ?/ varies linearly 
with .T over tlie inbuval coiihidered. It is 
commonly used for logaritluns, trigonometric 
functions, etc., where the \alues of (he argu- 
ment are closely spaced. 

INTERPOLE. An auxiliary pole p’aced be- 
tween the main poles of a d-c moto»’ or gen- 
erator to give a flux which will aid in com- 
mutation. 

INTERRUPTED CONTINUOUS WAVE. \ 

wave wdiieh is the result of chopping up or in- 
terrupting a normal continuous wa^’< radio 
signal at an aiulio rate. This interru])tion 
is distinct from the normal keying and is at 
a rate high enough to give several interrup- 
tions even lor a dot of (lie Iiiternatimial code. 
The result is an audio output from the re- 
ceiver without the u'-e of some method of 
heterodyning. The intcrriiyfliou of the w^ave, 
however, causes the radiation of many more 
sideband frequencies and hence tlie need of a 
wndei channel. For this reason such trans- 
missions are not wddely usc'd. 

INTERRUPTED SPEECH. Speech signals 
used in intelligibility (see articulation) test- 
ing in w'hich speech is regularly cut off for 


very short intervals, with a definite repeti- 
tion rate. 

INTERSTATION NOISE SUPPRESSOR. 

An intcrearrier noise suppressor. 

INTERSTICE. A small sjiaee within a 
phase or, more commonly, between particles. 

INTERSTITIAL ATOM. An atom occupy- 
ing an interstitial position., that is, squeezed 
betw'ccn the regular lattice sites in a crystal. 
Such atoms form parts of Frenkel defects. 

INTERSTITIAL COMPOUNDS OR STRUC- 
TURES. Certain crystal lattices have quite 
large holes in them, in w'hieh it is possible 
to erftrai) other atom& of suitable diimmsions. 
Even the iiuTt gases may be bound into stable 
eiystals in this W'ay, wuth ({uite a large pro- 
portion of the \a(‘aneies actually filled. 

INTERSTITIAL POSITION. A position not 
one of the pr()])er lattice sites in a crystal. 

INTERTRACTION. Increase in density of a 
colloidal solution caused by loss of solute by 
diffusion into a salt solution which is in con- 
tact wit!) the colloi(]al solution. 

INTERTROPICAL FRONT. See front, in- 
tertropical. 

INTERVAL BETWEEN EVENTS. If two 

f vents occur at the positions and times repre- 
sented by 

.r^aiid v^ + dx^in ^ 1,2, 3, 4), 
the interval between is given by 
(Ls^ = g.,dx^dx\ 

where is the, molrie of space-time. In 
Alinkow'ski space, the interval is given by: 

d.s^ = c\lt^ - dr^. 

INTERVAL-SELECTOR CIRCUIT. A time- 
selector transducer. (Sec transducer, time- 
selector.) 

INTERVAL, SOUND. The interval between 
two sounds is their spacing in pitch or fre- 
quency, whichever is indicated by the con- 
text. The frequency interval is expressed by 
the ratio of the frequencies or by a logarithm 
of this ratio. 


Intrinsic Coercive Force — Inverse Trigonometric Function 
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INTMNSIC COERCIVE FORCE. See co- 
ercive force, intrinsic. 

INTRINSIC INDUCTION. See induction, 
intrinsic. 

INTRINSIC MOBILITY. The mobility of 

electrons in an intrinsic semiconductor, or 
one having a \ery low concentration of im- 
purity. It is limited only by ’^cattering of the 
electrons by thermal vibrations of the lattice 
and varies as T' ^ 

INTRINSIC PROPERTIES (OF A SEMI- 
CONDUCTOR). The jiroiierties of a semi- 
conductor whicli an* charactcri'^tic of the 
pure, ideal crystal. 

INTRINSIC SEMICONDUCTOR. See semi- 
conductor, intrinsic. 

INTRINSIC TEMPERATURE RANGE (IN 
A SEMICONDUCTOR). The temperature 
range in which the electrical pro])erties of a 
semiconductor are essentially nut moditied by 
impurities or imperfections within the crystal. 

INTRINSIC VISCOSITY. See viscosity, in- 
trinsic. 

INVAR, Trade name for a nickel alloy fre- 
quently employed in strain gauges, tuning 
forks and other applications, because of its 
extremely low temperature coefficient of ex- 
pansion 

INVARIANT. An expression involving the 
coefficients of in\ algebraic function which re- 
mains constant when a transformation, such 
as translation or rotation of coordinate axes, 
is made. (See quadratic equation in two 
variables; discriminant; Lorentz transforma- 
tion.) 

INVARIANT POINT. State of a given sys- 
tem where the number of degiees of freedom 
is zero, e g., the triple point : the condition that 
solid, liquid, and vapor phases shall exist in 
equilibrium completely determines the state 
of the system. (See freedom, degree of (2).) 


one that undoes what has been done: addition, 
subtraction; multiplication, division; differ- 
entiation, integration. 

INVERSE ELECTRODE CURRENT. See 
electrode current, inverse. 


INVERSE HYPERBOLIC FUNCTION. If 

y = sinh z, then z tlic inverse function is the 
angle whose hyperbolic sme is y and, iu sym- 
bols, 2 - sinh“^ ?/ ““ arc ?/. From the 

definition of the hyperbolic functions, the fol- 
lowing relations may be obtained: 


sinh ' c 
cosh“^ c 
tanh”^ z 

rolh”^ z 

soch“’^ z 


= In (z + + 1) 

= In (z ± Vz^TT) 


1 I + z 

-In 

2 1-2 

2 2-1 

1 dr 1 

In — - - 


• 


<\scb ^ 


In - 


INVERSE PHOTOELECTRIC EFFECT. 
See photoelectric effect, inverse. 

INVERSE PLASTICITY. Soc^ dilatancy. 


INVERSE TRIGONOMETRIC FUNCTION. 

The inverse function to ?/ — sin z i^ tlie angle 
whose sine is i/, or s^unbohcally, z = arc sin 
y = sin ^ y. Other inverse trigonometric 
functions arc indicated in a similar way. If 
< 1, the following series expansions may 
be used: 


sin 


-1 i; = 




y = y-\- -~ + 


1-3 


G 2-4-5 


•3-5 y 
2-4-6 7 


INVASION COEFFICIENT. A factor used 
to denote the number of milliliters of a gas 
under standard cot* b. ions absorbed by one 
square centimeter of surface in one minute. 



y 


tan ‘ 2/ = 1/ - + il/® - d 


INVERSE. If 2 / = / (x) , the inverse function = ^ _ cot"* y 

is X - aiy). The inverse of an operation is 2 
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and, for > 1, 


tan ^ y 


T 

2 


sec ^ 



1 1 1 

- + -f. . . . 

y 3?y^ 5y^ 

1 1-3 

y 0//^ 2 • 4 • 5y^ 


1-3-5 


TT 


9 


CSC ^ //. 


INVERSION. (1) The tcnipeniture below 
tljo stratosphere iioniuilly di'creascs with .-ilti- 
tilde. When l(Mnp(Tatiire increases with alti- 
tude, 1101 nial coridilions are inverted, and the 
condition is said to be an iniersion. Inver- 
sions in the troposphere an' usually restricted 
to shallow layi'r'- of air which most frequently 
occur in tlu' low('r oOOO' above the surface. 
Ill low latiliuh's ihe stratosphere has a sli^lit 
inversion more or Ic^s jieniianently. (2; The 
tran.^formation of an optically-active sub- 
stance into oiu' having; tlu' ojiposite rotatory 
efiVet, \^ithout (‘sseiitial chanji^e of chemical 
coni]) 0 ‘>ili()n, (3) A form of speech-scram- 
bling which essentially inverts the original 
freqii(‘ncy-.'-p('etrum of the signal. This may 
be accomjilished by mo(’’ laling the signal 
with a relatively low -froquene y carrier, and 
tlieii discarding the carrier and unper side- 
band. (1) The mathematical transiormation 
of all fioints outside a circle or sphere into 
points inside, and vice versa. Each ])oint at a 
<listance frf)m Die center is mapped as a 
point at a distance ro from the center. King 
on ihe same radius as the first [>oint, willi 
I'l/’o r Ix'ing tlie radius of th(' c.m ’ ‘. (')) 

See Joule-Thoinson inversion temperature. 

INVERSION, CENTER OF. See symmetry, 
center of. 


u 




o.c. 





If- 


lOQ&iLHf 





Srlf-t^xt ilpfl p.ii alh'l-j yj)(j inverter 


A* ba^ic self-('\ciT(‘d inverter circuit is 
sliown. Thi- circuil is so .set up that the 
tubes conduct alternately, causing the d-c to 
switch back and forth tlirough the primary 
of tiu' output transformer. This will induce 
a-c voltage in the secondary. There are nu- 
merous variations of inverter circuits but all 
use the tubes to switch the d-c supply back 
and forth to produce an a-c output. 

INVOLUTION. Till' ojicration of raising 
numbers to povviTs. (See evolution.) 

IODINE. Non-mctallic element. Symbol I. 
Atomic number 53. 

ION. An atom or inolccularly-boimd group 
of atoms which has gained or lost one or more 
electrons, and which has thus a negative or 
])ositive eh'clric cliargc: sometimes a free 
eI(‘(‘tron or otlier charged Mibatomic particle 
Ions may be ])roduced in g.-i^e^ by the action 
of radiation of sufficient energy; ionic solids 
are built up of ions bound together by their 
elc-ctrostatic forces, and when dissolved in a 
polar liquid, such as water, the salt dissoci- 
ates into its ions, which have an independent 
existence. 


INVERTED AMPLIFIER. See amplifier, 
step-down. 

INVERTED SPEECH, The result of inver- 
sion (3). 


ION, AMPHOTERIC. An ion wdiich carries 
both a positive and a negative charge, com- 
monly at opposite ends c'f a long, or fairly 
long, chain, as in the case of ions of amino 
acids. 


INVERTER. A dcvict' for converting d-c 
into a-c but the term is commonly employed 
to designate a gas-filled electron-tube circuil 
for performing this function. 


ION, AQUO. A complex particle consisting 
of an ion combined wdth one or more mole- 
cules of water, as H i-fH^O) or H80+. The 
strongly-ionizing solvents are considered to 
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form such complex ions with all, or virtually 
all, the ions in solution. 

ION BEAM. A beam of charged particles 
other than electrons, all moving with essen- 
tially the same speed in a nearly common 
direction. Ion beams are produced by the ap- 
plication of electrical forces to ordinary ions 
and other pariiclos, as in the production of a 
beam of a-particles by aj^plying fmtcntials in 
the millions of volts to the particles from a 
helium discharge tube; or as in the accelera- 
tion of ionic particles to great velocities by 
use of the cyclotron. 

ION BEAM SCANNING. Tlic i)roc(‘ss of 
analyzing ihe mass spectrum of an ion beam 
either by changing the eh'ctric or magnetic 
field‘^ of the mass spectrometer, or by moving 
a probe. 

ION BLEMISH, NEGATIVE. An ion spot 

ION BURN IN CATHODE-RAY TUBES. A 

deactivation of a small spot of the phosphor 
of a cathode-ray tube, (aiuscd by l)ombard- 
ment by heavy negative ions in the beam. 
The effect is noticeable only in magnetic-de- 
flection systems, since an electrostatic d(‘flec- 
tion system deflects the negative ion througli 
the same deflection angle as Ihe electrons. 
Magnetic-deflection tulles rocjuirc an ion trap 
to prevent permanent damage. 

ION CLUSTER, A group of ion pairs pro- 
duced at or near (he point of a primary ioniz- 
ing event. The ion cluster includes tlie pri- 
mary ion i)air (see ion pair, primary) and 
any secondary ion pairs formed, as by a 
delta ray. 

ION, COMPLEX. A complex electrically 
charged radical or group of atoms such as 
Ag(CN):i- or Cu(NIl3)2+ which may be 
formed by tlie addition to an ion of another 
ion or ions, or of an clectrically-neutral radi- 
cal or molecule. 

ION-DIPOLE INTERACTION. A reaction 
between an ion and a dipole (i.c., a molecule 
having a dipole moment) which results in 
the formation of an aggregate of particles, 
in which the ion is at the center, surrounded 
by a number of moM‘Culcs which are oriented 
so that their regions polarity of sign unlike 
the charge the ion, are closest to it. Thus, 
if the ion a negative charge, the neigh- 
boring molecules will orient so that their re- 


gions of positive polarity are closest to the 
ion. 

ION ENERGY SELECTOR. A dispersive 
device for ion beams, i.e., one which separates 
ions having different energies. One form con- 
sists of a pair of capacitor plates shaped like 
coaxial cylindrical shells. Tons with a given 
mass and iniiial velocity may be forced to 
travel in a circular course with radius r, be- 
tween (lie shells, assuming the proper radius 
and i)oten(ial difference between the plates. 



showing ncLion of ion selector (By 

fioni “Klccti onics*’ [;y Williams, fopvriKbt 
l!)r).3, I) Van No'«?tr:md (’o, Inc.) 

Ions widi different mass or initial v(docity 
experience <iifler(‘nt magnitudes of force tlian 
those menlii)ne(l above, and will not. n^ach the 
exit before striking one of the shells. Thus 
the ions wliich do succeed in passing through 
will have approximatifly (he same kinetic en- 
ergy. This device is soimdimes used as a 
part of a mass spectrograph. 

ION EXCHANGE. A ehomical process in- 
volving the H'vei’sible in((*rchange of ions at 
a pliase boundary, us bebveen a solution and 
a particular solid material, sucli as an ion- 
exchange resin consisting of a matrix of in- 
soluble material interspersed with fixed ions 
of opjKxsite charge. Althongli must applica- 
tions of the phenomenon occur in systems in- 
volving electrolyte solutions and ionic solids, 
the distribution of electrolytes between im- 
miscible solutions of electrolytes, for exam- 
ple, may be considered an ion-exchange phe- 
nomenon. 

ION, HETERO-. Sec heteroion. 

ION, HYDRATED. See hydrated ion. 

lON(S), INSTABILITY CONSTANT OF 
COMPLEX. The dissociation constant for 
the break-up of a complex ion into simple 
ions. 
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ION, MOLECULAR. A charged molecule, 
commonly produced by electrical discharges 
through gases in which a gaseous molecule 
has lost (or gained) one or more electrons. 

ION, NEGATIVE. An ion carrying a nega- 
tive charge; an anion. 

ION PAIR. (1) A positive ion and a nega- 
tive ion or electron, having charges of the 
same magnitude, and formed from a neutral 
atom or molecule by the action of radiation 
or by any other agency that sii[)plies energy. 
(2) As postulated in the Dcbye-Hiickel the- 
ory, in concentrated solutions of strong el(‘c- 
trolyfes (two or more), ions may occasionally 
ai^proach each other so closely that tliey may 
form pairs (or groups) without entering into 
permanent chemical combination. 

ION PAIR, PRIMARY. An ion pair (1) pro- 
duced directly hy the causative radiation. 

ION-PAIR YIELD. The (|uoticnt of the num- 
ber of molecuU's, M, of a given kind ])roduced 
or converted divided by the inimlKT, AT, of 
ion pairs resultant from high energy radia- 
tion. The M 'N ratio. 

ION, POSITIVE. An ion carrying a imsitive 
charge; a cation. 

ION SPOT. See ion burn in cathodc-ray 
tubes. 

lON(S), STANDARD ENTROPY OF. The 

(piantity called the standard entropy of an 
ion is really the relative iJanial entr(j{)y of the 
ion in a solution of unit activity, that of the 
hydrogen ion heing assumed to be zero. 

lON(S), STANDARD FREE ENERGY OF 
The free energy of formation of the particu- 
lar ions, taking that for the foriu um of 
hydrogen ions at unit activity from the gas 
at 1 atmosphere ])ressure to be zero. 

ION TRAP. An arrangtamaii wlie^-“l)y Ihe 
ions within an electron beam are prevented 
from bombarding the serein producing an ion 

bum. 

ION TRAP, BENT-BEAM. An ion trap em- 
ploying a bent electron-gun. The electrons 
arc successfully deflected so that they pass 
through, while the ion beam strikes the side 
of the gun. (See kinescope.) 

ION YIELD. The number of ion pairs pro- 
duced per incident particle or quantum* 


ION, ZWITTER-. See zwitterion. 

IONIC ATMOSPHERE. As outlined under 
the definition of Debye-Hiickel theory of 
conductivity, every ion attracts ions of op- 
posite sign. Therefore, there are more ions 
of unlike than of like sign in the neighbor- 
hood of any individual ion in a solution and 
it is, in efTect, surrounded by an ionic atmos- 
phere of opi)osite charge. 

IONIC BONDS. See bond, electrostatic. 

IONIC CHARGE. Either the total charge 
carried hy an ion, or the (‘harge carried by 
an ion which has unit charge. Since ions owe 
Ihrir eharg(‘s to gain or Iws of elnetroris, xiiiil 
charge is the ehai'ge on an electron, and all 
ionic charges arc cither equal in magnitude 
to this ^aliK', or integral multiples of it. 

IONIC CRYSTAL. A crystal which consists 
eflV'ctively of ions bound togelli(*r by tli(‘ir 
el ec t robt ati c aft ra c t i on . 

IONIC EQUILIBRIUM. In any ionization, 

at any ])ariicular tcnqyu’aiure and jire.ssure, 
the conditions at which the rate of dissocia- 
tion of unionized molecules, or other particles 
to form ions, is er|ual to the rate of combina- 
tion of the ions to form the unionized mole- 
cules, or other particles so that activities and 
eoiieeiit ration'- remain constant as long as the 
conditions are nnehanged. 

IONIC FOCUSING. See gas focusing. 

IONIC-HEATED CATHODE. Sec cathode, 
ioiiic-hcatcd. 

IONIC-HEATED CATHODE TUBE. See 
tube, ionic healed cathode. 

IONIC MICELLES. Aggregates of ions ex- 
hibiting (*haract('ristic properties. Tlie ecn- 
ception was ap])lied by AleRain to explain the 
behavior of soa])s in very dilute solutions, in 
v\hich aggregates of ten or more of the anions 
form ionic micelle.s containing a number of 
water molecules. 

IONIC MIGRATION. The movement of 
ehaiged particles of an electrolyte toward the 
elcfdrodcs under the influence of the electric 
current. 

IONIC MOBILITY. (1) The ratio of the 
average drift velocity of an ion in solution 
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to the electric field. It is expressed by the 
relationship 

or X_ 

or M- = 

in which or /a _ is the mobility of the ion, 
A4. or A_ is the ion conductance, i.o., the con- 
tribution of the particular ion to the equiva- 
lent conductance, and F is the Faraday con- 
stant. (2) For gaseous ions in an electric 
field, the quantity k defined by the relation- 
ship: k = vj)/F, where r is the drift velocity, 
Pj the gas pressure, and Fjj tlie electric field. 

IONIC POTENTIAL. Th(‘ ratio of the charge 
on an ion to its radius. 

IONIC RADIUS. Tlio repulsive force be- 
tween two ions increases so rapidly a£ the 
distance at which their electron shells begin 
to 0^ erlap that it is possible to assign a more 
or less fixed radius to eacli ion Those radii 
fix the dimensions and structure of ionic crys- 
tals. Values of ionic crystal radii have boon 
calculated by Pauling {Natwe of the Chemi- 
cal Bond, Cornell University Press, 1915). 
Examples of tlieir values (in Angstroms) are: 
Li^ 0 60, Na+, 0 95, 133, lib 143, 

CVs + , 1.69; C4 + , 015, Sp-^, 0 41, TP ^ 0 68, 
0 80, Ce^-f, 101; C , 2 60, Si* -, 2.71, 
Ge-* -, 2.72, and Sn^- , 2 91. 

IONIC STRENGTH. A nialhemaiical quan- 
tity used to evaluate the effectiveness of the 
forces restricting the freedom of ions in an 
electrolyte, and defined as one-half the sum 
of the terms obtained by multiplying the total 
concentration of each ion bv tlu' s(|u:ire of its 
valence, i.e., fi -- where /jl is the ionic- 

strength, c is ionic concentration and z is 
valence. 

IONIC SWITCH. See transmit-receive 
switch. 

lONICITY OR DEGREE OF lONICNESS. 

A term applied to Mullikan to excited states, 
and denoting a fractional ionic character of 
the molecule in its ground state. Its numeri- 
cal value depends u])on the particular zero 
approximation used in defining it. 

IONIUM. Naturally occurring radioactive 
nuclide. It is an is<*^ope of thorium (atomic 
number QO'* and lias a mass number of 230. 

IONIZATION. A process which results in 
the formation of ions. Such processes occur 


in water, liquid ammonia, and certain other 
solvents when polar compounds (such as 
acids, bases, or salts) are dissolved in them. 
Dissociation of the compounds occurs, with 
the formation of positively- and negatively- 
charged ions, the charges on the individual 
ions being due to the gain or loss of one or 
more electrons from the outermost orbits of 
one or more of their atoms. The ionization of 
gases is a process by which atoms in gases 
similarly gain or lose electrons, usually 
through the agency of an (dcctrical discharge, 
or iiassage of radiation, through the gas. 

IONIZATION BY COLLISION. The re- 
moval of an electron from an ion as the re- 
sult i)f the energy gained in a eolli‘-ion wuth 
a body possessing sutficicntly large energy. 

IONIZATION BY ELECTRONS, PROB- 
ABILITY OF. The nimilier of ions per unit 
electron current, ])er unit i)ath length, pc'r 
unit pressure at 0''C. 

IONIZATION CHAMBER. One of a variety 
of enclosures used in the study ionized 
gases or of ionizing agencies The ('ss(‘Titi,il 
featuies aic a closed vessel eonlaining a gas 
at normal or altered pressure, and furnished 
witli two electrodes kept at different poten- 
tials These may be in the form of parallel 
])lates or of coaxial eyliiuh'rs, or one of them 
may be the vessel itself wdth the other inside 
and insulated from it. When the gas b(4w^een 
lh(‘ oloelrodes is ionized by any means, as by 
x-rays or radioactive emission, the ions move 
to the electrodes of opposite sign, thus creat- 
ing an ionization current wdiich may be meas- 
ured by a galvanometer or an electrometer. 
(See also counting tube.) 

IONIZATION CHAMBER, AIR-WALL. An 
ionization chamber in w^hieh tlie materials of 
the wail and electrodes are so selected as to 
produce ionization essentially equivalent to 
that in a free air ionization chamber. This is 
possible only over limited ranges of photon 
energies Such a chamber is more appropri- 
ately termed an air-equivalent ionization 
chamber. 

IONIZATION CHAMBER, COMPEN- 
SATED. A device consisting of two ioniza- 
tion chambers connected in parallel, but with 
potentials reversed. One of these (the com- 
pensating chamber) is provided with a source 
of ionizing radiation such as uranium, which 
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can be so altered in position that the amount 
of ionization it produces in its chamber can 
be adjusted. The entire arrangement is then 
so balanced that the ionization received in the 
main chamber is exactly equal to that pro- 
duced in the compensating chamber, and the 
instrument is used as a null indicator which 
shows both increases and decreases in the 
main chamber ionization from normal condi- 
tions. 

IONIZATION CHAMBER COUNTING. 

The detection of radiation by means of an 

ionization chamber. 

IONIZATION CHAMBER, DIFFEREN- 
TIAL. A two-section ionization chamber 
with the electrode potentials so arranged and 
controlled that the output current is equal 
to the difference between the separate ioniza- 
tion currents of the tw'o se^dions. 

IONIZATION CHAMBER, EXTRAPOLA- 
TION. An ionization chamber de.^igned to 
make a seric'^ of measurements, in wdiich on^' 
factor is varied in suitable steps. The data 
derived from these measurements are plotted 
in appropriate fonn and the desirc<l result is 
obtained by extrapolation of the cuiwt. The 
construction of such a chamber depends on 
the ])roblem to be investigated 

IONIZATION CHAMBER. FREE AIR. An 
air-filled ionization chamber in wdiich a de- 
limited beam of radiation passes betw^cen th(» 
electrodes without sinking them oi other in- 
ternal parts of the equipment. The electric 
field is maintained perpendicular to the elec- 
trodes in tlic collecting region; as a result the 
ionized volume can be accurately determined 
from the dimensions of the collecting elcctrovle 
and the limiting diaphragm, and tlic sec- 
ondaries are produced only in air oid arc 
fully utilized. Thi.s is the basic standard in- 
strument for x-ray dosimetry at least within 
the range from 5-400 kv. 

IONIZATION CHAMBER, INTEGRATING. 
An ionization chamber wdiosc collected charge 
is stored in a capacitor for subsequent meas- 
urement. 

IONIZATION CHAMBER, PROPOR- 
TIONAL. An ionization chamber in which 
the initial ionization current is amplified by 
electron multiplication in a region of high 
electric field strength, as it is in a proportional 
counter; used for measuring ionization cur- 


rents or charges over a period of time, and not 
for counting. 

IONIZATION CHAMBER, PULSE. An 
ionization chamber employed to detect indi- 
vidual ionizing events. 

IONIZATION CHAMBER, THIMBLE. A 

small cylindrical or spherical ionization cham- 
ber, usually w’ith w^alls of organic material. 

IONIZATION CURRENT. Sec gas current. 

IONIZATION, DEGREE OF. The ratio, 
usually stated /is a percentage, of the number 
or ibc concentration of the particles in a sys- 
tem which become ionized, to those wdiioh re- 
main unionized. If the system is a solution, 
the reference particles are the molecules of a 
specified component. 

IONIZATION, GASEOUS. The process by 
w'hich charged particles are formed from neu- 
tral atoms or molecules of gases. 

IONIZATION, MEAN FREE PATH. The 

average distance an electron must travel in 
the gas of a radiation counter before making 
an ionizing collision with a gas atom. 

IONIZATION, MINIMUM. The smallest 
l)ossiblc value of the specific ionization (see 
ionization, specific) that a charged particle 
can produce in passing through a particular 
substance. When the specific ionization pro- 
duced along the path of a charged particle is 
plotted as a function of the particle energy, 
minimum ionization appears as a broad dip, 
bound on one side by a rather sharp rise for 
decreasing particle energy, and on the other 
side by a gradual rise fo?- increasing particle 
energy. For singly-charged particles in ordi- 
nary air, the minimum ionization is about 50 
ion pairs per centimeter of path. In g( neral, 
it is proportional to the density of the medium 
and the square of the charge of the particle. 
It occurs for particles having velocities of 95^0 
of the velocity of light, w^hich corresponds to 
a kinetic energy of 1 mev for an electron, 2 
bev for a proton and 8 bev for an a-particle. 

IONIZATION POTENTIAL. The energy 
per unit charge, for a particular kind of atom, 
neoessaiy to remove an electron from the atom 
to infinite distance. The ionization potential 
is commonly expressed in volts, and is nu- 
merically equal to the work done in removing 
the electron from the atom, expressed in elec- 
tron-volts. 
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The difficulty in defining ionization poten- 
tial ariftps from the fact that the ionization 
potential has perfectly definite values in the 
case of one-electron and two-olcctron con- 
figurations where the ionization process in- 
volves the removal of an .s-electron. In the 
case of more complex configurations, such as 
the normal oxygen atom with its elec- 
tronic configuration, and five different orien- 
tations of the orbits and spins of the four 
p-electrons, the atom can be ionized in many 
different ways, each of which re(]uires a 
slightly different energy, and hence represents 
a different ionization potential from all the 
others. It has therefore beem j)roposed th«at 
the ionization i)otential bo defined as the en- 
ergy corresponding to the passage from the 
most stable state of the atom to the most 
stable state of the ion. 

The first ionization ]mtcntial is the energy 
to remove the most loosely bound electron 
fi’om the neutral atom; the second ionization 
potential is the energy to remove the most 
loosely-bound electron from an atom from 
which one electron has already been removed, 
etc. 

IONIZATION, SPECIFIC. The number of 
ion pairs formed jier unit distance along the 
track of an ion j)assing through matter. Tliis 
is sometimes called the total specific ioniza- 
tion to distinguish it from the primary specific 
ionizafitm, which is the number of ion clusters 
produced per unit track length. The relative 
si)ecific ionization is the specific ionization for 
a particle of a given medium relative either to 
that for (I) the same particle and energy in a 
standard meclium, such as air at 15°C and 1 
atm, or (2) the same particle and medium at 
a specifi(*d energy, such as the energy for 
which the specific ionization is a maximum. 
(See ion; Bragg curve; ionization, minimum.) 

IONIZATION SPECTROMETER. See Bragg 
spectrometer. 

IONIZATION TIME (OF A GAS TUBE). 

The time interval between the initiation of 
conditions for, and the establishment of con- 
duction at some stated value of tube voltage- 
drop. 

IONIZATION, TOTAL. (1) The total elec- 
tric charge on the i ms of one sign when the 
energetic tide that has produced these ions 
has lost all Oj, its kinetic energy. For a given 
gas the total ionization is closely proportional 


to the initial energy and is nearly independent 
of the nature of the ionizing particle. It is 
frequently used as a measure of particle en- 
ergy. (2) The total number of ion pairs pro- 
duced by the ionizing particle along its entire 
path. 

IONIZING ENERGY. The average energy 
given up by an ionizing particle in producing 
an ion pair in a specified gas. 

IONIZING EVENT. An interaction by which 
one or more ions are produced. 

IONIZING EVENT, INITIAL. An ionizing 
event that initiates a count in a radiation 
counter tube. 

IONIZING EVENT, PRIMARY. The same 
as ionizing event, initial. 

IONIZING PARTICLE. A particle that pro- 
duces ion pairs directly in its passage through 
a substance. It usually a cliarged particle, 
with a kinetic energy considerably greater 
than the ionizing energy of the medium. 

lONOGENIC. Forming or furnishing ions, 
c.g , all electrolytes. 

IONOSPHERE. The region of the atmos- 
phere in which ionization exerts its greatr* t 
effect upon the radio frequency waves. This 
region lies between 30 and 250 miles (about 
50 and 400 kilometers) above the earth’s sur- 
face, with some seji.sonal and day-to-niglit 
variation. 

IONOSPHERIC WAVE. A radio wave that 
is propagated by way of the ionosphere. This 
wave is sometimes called a sky wave. 

IONS, DRIFT VELOCITY OF. The mean 
velocity with which ions move under the in- 
fluence of an electric field. 

IONS IN CHAMBER, MOBILITY OF. The 

mobility of ions in a gas is defined by the rela- 
tionship: 

kE 

V 

where v is the drift velocity, fc is the mobil- 
ity at unit pressure, E the electric field, and 
p the pressure. 

IRE. Abbreviation for Institute of Radio 
Engineers. 
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IRIDESCENCE. The exhibition of the colors 
of the rainbow, commonly by interference of 
light of the various wavelengths reflected 
from superficial layers in the surface of a 
substance. 

IRIDIUM. Metallic element. Symbol Ir. 
Atomic number 77. 

IRIS DIAPHRAGM. (1) A diaphragm intro- 
duced into an optical system as a stop, and 
which is so constructed that the diameter of 
the opening may be changed continuously 
throughout a considerable range. The iris of 
the eye has this property, so as to keep the 
intensity of the liglit falling on the retina 
within proper bounds. Tlie effective f-number 
of a good camera is changed by adjusting the 
iris diaphragm to a desired value to fit the 
illumination and exposure time to the sensi- 
tivity of the film used. (2) In a waveguide, 
a conducting plate or plates, of thicknes«j small 
compared to a wavelength, occupying a part 
of the cross section of the wavx'guide. When 
only a single mode can be supported, an iris 
acts substantially as a shunt admittance. 

IRON. Metallic element. Symbol Fe. 
Atomic number 26. 

IRRADIANCE. See radiant flux density. 

IRRADIANCE (OF A SURFACE). The ra- 
diant flux (sec flux, radiant) incident per unit 
area of the surface. 

IRRADIATION. Subjection to radiation, as 
for example, subjection to ultraviolet radia- 
tion for the formation of vitamin D from 
various sterols and related compounds. 

IRRATIONAL. A number which i not an 
integer or a quotient of integers. An irra- 
tional function is one containing radicals and 
an irrational equation is one containing such 
functions. 

IRREVERSIBLE PROCESS. A process oc- 
curring in a system such that, in order to 
reverse the direction of the process, a finite 
change in the parameters of the system must 
be made, e.g., the compression or expansion 
of a gas in a cylinder by means of a piston, 
when friction is present between piston and 
cylinder. 

IS. Abbreviation for an internal shield. 


ISENTROPIC CHANGE. A change that is 
accomplished without any increase or decrease 

of entropy. 

• 

ISOALLOBAR(S). Lines joining points hav- 
ing equal time rates of change of atmospheric 
pressure on a synoptic map (wcatlier map). 

ISOALLOBARIC FIELD. Lsoallobars taken 

together constitute an isoallobaric field. 

ISOBAR. (I) A line connecting points at 
equal pressure, such as that which appears 
on a meteorological chart. The pressures on 
such a chart are not tlie observed pressures, 
but are corrected for elevation, i e., to sea 
level. (2) One of two or more atomic species, 
or elements, which have the same mass num- 
ber, imt which differ in other resfiects, such as 
atomic number. (See isobar, nuclear.) 

ISOBAR, NUCLEAR. One of two or more 
nuclides having the same number of nucleons 
in their nuclei and therefore having identical 
mas.s numbers, and about the same atomic 
mass. 

ISOBARIC. Occurring without change of 
pressure. 

ISOBARIC SPACE, l^efined under entry for 
quantum number, isobaric spin, 

ISOBARIC SPIN QUANTUM NUMBER. 
Sec quantum number, isobaric spin. 

ISOCHORE OR ISOMETRIC. A graph rep- 
resent ing the state of a systtm as a function 
of two variables (e g , pressure, temperature), 
the volume remaining constant. Hence any 
process that occun without, a change of vol- 
ume. 

ISOCHROMATIC. t)f the same coIot*. as 
of lines of the same tint in the interference 
figures of biaxial crystals. 

ISOCHRONE. A line connecting points hav- 
ing the same time values, as points of the 
same gelation time for colloidal solutions. 

ISODESMIC STRUCTURE. An ionic crys- 
tal structure in which there are no distinct 
groups formed witliin the structure, i.e , where 
no bond is stronger than all the others. 

ISODIAPHERE. One of twm or more nu- 
clides having the same difference between the 
number of neutrons and protons in their 
nuclei. 
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ISODIMORPHISM (DOUBLE ISOMOR- 
PHISM). The condition in which both crys- 
talline forms of a dimorphous substance 
which is ibomorphous with a second dimor- 
phous compound arc isomorphous with both 
forms of the second compound. Example: 
arsenious oxide and antimonious oxide, which 
crystallize in rhombs and also in regular 
octahedra. 

ISOELECTRIC POINT, In solutions of pro- 
teins and related compounds, the hydrogen 
ion concentration at which the dipolar ions 
arc at a maximum is the isoelectric iioint. At 
this point the solution shows minimum con- 
ductivity, osmatic pressure, and viscosity. At 
this pII the protein shows the least swelling 
with water and does not undergo electro- 
phoresis. That is, the colloidal ]3articles move 
toward neither electrode Proteins coagulate 
best and contain the least amount of inorganic 
matter at their isoelectric points. 

ISOELECTRONIC. Pertaining to similar 
electronic arrangements. This term is ap- 
plied, for example, to two or more atoms 
or atomic groups having an analogous ar- 
rangement of the same numl)er of valency 
electrons, and similar physical properties. 

ISOELECTRONIC SEQUENCE. A series of 
atoms having the same extranuclear electronic 
configuration. 

ISOGONIC CHART, A chart showing lines 
of equal magnetic declination, or lines on 
which the variation of the magnetic needle 
from true north is the same. (See also agonic 
line.) 

ISOLUX. A curve or surface of equal light 
intensity. (Also called isophot.) 

ISOMAGNETIC. Lines connecting points at 
which some property of the earth's magnetic 
field (such as the magnitude, the vertical 
component, or the horizontal component) re- 
mains constant. Isomagnetic lines may indi- 
cate local magnetic anomalies such as caused 
by magnetic ore bodies, magnetic minerals in 
sediments, or the vertical rather than the 
horizontal deviation of the compass or mag- 
netic needle. 

ISOMER. (1) One »• two or more substances 
which have ihe same elementary composition, 
but differ in structure, and hence in proper- 
ties. (2) One of two or more nuclides which 


have the same mass number and atomic num- 
ber, but differ in energetics and behavior. 
(See isomer, nuclear.) 

ISOMER, NUCLEAR. One of two or more 
nuclides having the same atomic number and 
the same mass number, but existing for meas- 
urable time intervals in different states. One 
state, that of lowest energy, is the ground 
state; and all those of higher energy are 
mctastable states. Metastable isomers are de- 
noted by adding the letter m to the mass num- 
ber where it appears in the symbol for the 
nuclide, as 

ISOMER SEPARATION. The chemical sep- 
aration of the lower energy member of a pair 
of nuclear isomers from its higher energy 
precursor, made possible by chemical changes 
occurring as a result of the atomic or molec- 
ular excitation associated with the isomeric 
transition. 

ISOMERIC TRANSITION. A radioactive 
transition from a given nuclear isomer to one 
of lower quantum energy. The de-qjccitation 
of the nuclei in the meta&table state may take 
l)laoc by gamma-ray emission, or by internal 
conversion followed by emission of x-rays 
and/or Auger electrons. It is a type of for- 
bidden transition. (See isomer, nuclear.) 

ISOMERISM, NUCLEAR. The occurrence 
of nuclear isomers. (See isomer, nuclear.) 

ISOMERISM, OPTICAL. A type of isomer- 
ism in which the isomers arc identical in com- 
position, constitution, molecular weight, chem- 
ical properties, and most physical properties 
and differ only in the way their solutions (or 
liquid states) affect the rays of polarized 
light. 

ISOMORPH. (1) One of two or more sub- 
stances that crystallize in the same form. (2) 
One of a group of elements whose compounds 
with the same other atoms or radicals crystal- 
lize in the same form. The elements may be 
classified on this basis into eleven groups. 

ISOMORPHISM. (1) Two groups G and G' 
arc isomorphous if to each element A, B, C, 
• • • of G there corresponds an element A', B', 
C\ • • of G' so that if AB = C, then 
A'B' = C', for every product. The isomor- 
phism is simple if there is one unique element 
A in G for A' in G', but it may be multiple, 
i.e., several elements Ax, Aa, • • • may be iso- 
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morphous with one element A\ Mathemati- 
cians use the term homomorphism for this, 
restricting the term isomor[)hisin to simple 
isomorphism. (2) A term api)lie(l to sub- 
stances of different composition, which crystal- 
lize in the same form, or different elements 
which, when combined with the same atoms or 
radicals, crystallize in the same form. 

ISOMORPHISM, CONDITIONS FOR. In 

order that tw^o compounrls be isomorphous, it 
is necessary that they have the same formula 
type, and that the respective structural units 
(atoms or ions) have the same relative sizes 
and the same polarization properties. For the 
formation of solid solutions or overgrowths, 
the unit cell dimensions must not differ by 
more than 10%. 

ISOMORPHOUS SERIES TECHNIQUE. A 
method of x-ray analysis of crystal structure 
in which the change in tlic x-ray diffraction 
pattern when one atom is substituted for an- 
other is u.sed to determine the phases. The 
tw'o crystal structures must be identical in 
all respects, except for this substitiition. 

ISOPERIMETRIC PROBLEM. In the cal- 
culus of variations, tlie probhun of making an 
integral .stationary, while one or more integrals 
invohing the same Aaidable.s are to be kept 
constant fae(‘essory condition'^). It is so- 
called from a paidicular e\ mple, that of find- 
ing the figure of maximum area with a fixed 
perimeter. The method of La grange’s multi- 
pliers may be used. 

ISOPHOT. A curve or surface of equal light 
intensity. (Also called isolux.) 

ISOPLERE. See isochore. 

ISOPLETH. See nomograph. 

ISOPOLYMORPHISM. The phenomenon of 
each of two forms of a 'polymorphic (see poly- 
morphism) substance being isojnorphous (see 
isomorphism) with two forms of another poly- 
morphic substance, e.g , SnOo and Ti 02 , which 
are isotrimorrdious. 

ISOPYCNAL. See isochore. 

ISOSTERES. Pairs of compounds which slio^v 
notable agreement in physical properties (as 
carbon dioxide and nitrous oxide; carbon 
monoxide and nitrogen) and which (according 
to the octet theory) have the same number 
and arrangement of electrons in the mole- 


cule. The term applies also to radicals and 
groups of atoms which hold pairs of electrons 
in common These are termed isosteric com- 
pounds, and the phenomenon is called iso- 
sterism ( I.angmuir) . 

ISOTEMPERATURE LOCI. Lines on a 
chromaticity diagram connecting points hav- 
ing equal correlated color temperatures. (See 
temperature, correlated color.) 

ISOTENISCOPE. An instrument used to 
measure' vapor pressure. It consists essen- 
tially of a U-tube containing the liquid of 
which the vapor ])res^ure is to ho measured. 
One arm of the tube connects with a closed 
vessel containing tlic same liquid; tiie other 
aiTn, is connected to a manometer. I'he pres- 
sure in the latter is adjusted to the value at 
w'hich the liquid levels in both arras of the 
l^-tube are the same This is the vapor pres- 
sure of the liquid at the temperature of the 
test. 

ISOTHERM(S). (1) Lines joining points of 
ecjual temperature. Isotherms can be drawn 
for any surface or cross-section. (2) More 
generally stated, a relationship, or its an- 
alytical or graphical expression, for which the 
temiH'rature is coll^tant. 

ISOTHERMAL. (1) Of constant tempera- 
ture. Isothermal processes' an' those con- 
ducted without temperature change. (2) A 
lino o^’ curve exjircssing a relationship between 
variables such as pressun* and volume, for all 
values of w^hich the temperature remains con- 
stant. (3) A line joining points at the same 
temperature. 

ISOTHERMAL ATMOSPHERE. Any layer 
of air in which the temperature does not vary 
with altitude is known as an isothermal layer; 
if the whole atmosphere were of constant tem- 
perature ill the vertical it would be an iso- 
themial atmosphere. 

ISOTHERMAL COMPRESSION. Compres- 
sion during which the temperature remains 
constant. In general, this will entail flow 
of heat into or out of the system. 

ISOTHERMAL EXPANSION. Expansion 
during which the temperature remains con- 
stant. In general, this will entail flow of heat 
into or out of the system. 
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ISOTONE. One of two or more nuclides 
having the same number of neutrons in their 
nuclei. 

ISOTOPE. One or two or more nuclide hav- 
ing the same atomic number, hence constitut- 
ing the same clement, but differing in mass 
number. In addition to this fundamental 
meaning of the term isotope, it is used for 
certain specialized meanings. One of these is 
as a synonym for isotopic tracer, a radio- 
nuclide used as a tracer for a substance with 
which it is isotopic. Another is as a synonym 
for a preparation of an clement with a special 
i^otopic composition (allobar) as an article 
of commerce, which may also find use as an 
isotopic tracer. 

ISOTOPE CHARTS (ZN, Z A, A-Z, A-2Z, 

TRILINEAR). Any of a set of charts in 
which the properties of atomic nuclei, includ- 
ing their modes of radioactive decay, are sum- 
marized. In tlie trilinear chart, the neutron 
number A~Z is plotted against the atomic 
number Z, the axes l)eing inclined at an angle 
of 00 degrees; the result is that nuclides with 
the same mass number arc found in tlu* same 
vertical row, ^\hile each horizontal row con- 
tains species with the same neutron excess 
A-2Z. 

ISOTOPE EFFECT. The effect of nuclear 
})roi)erties other than atomic number on the 
non-nuclear chemical and ])hysical jiroperties 
of nuclides, leading to variations in the prop- 
erties of isotopes. Such effective nuclear 
properties are size, mass, spin, statistics, par- 
ity, magnetic dipole moment and electric 
quadrupole moment. Isotope effects can be 
obs(Tved in such properties as density, rate 
of diffusion, isotope shift, equilibrium dis- 
tribution and rate of reaction; and they are 
utilized in isotope separation. 

ISOTOPE EFFECT IN SUPERCONDUC- 
TIVITY. The critical temperature Tc of super- 
conductors varies with the isotopic mass M. 
The relation Tc « suggests that the 

superconducting transition depends on the 
velocity of sound, a result predicted by the 
Frohlich-Bardeen theory. 

ISOTOPE SEPARATION. The field of 
knowledge and pracnee concerned with chang- 
ing the relative abu.' dances of isotopes. 

ISOTOPE SEPARATION FACTOR. The 
ratio of tlie abundance ratio of two isotopes 


after processing to their abundance ratio be- 
fore processing. It is given by the following 
equation : 

n'i/n'2 

r = 

ni/n2 

where ni and 712 are the mole fractions of iso- 
topes of mass numbers mi and m 2 respectively, 
and n'l and n '2 arc the corresponding quan- 
tities after processing. The term ^^enrichment 
factor^’ is sometimes used for r — 1. 

ISOTOPE SEPARATION METHODS. A 

number of methods tiavc been developed for 
the separation of isotopes. These methods 
differ in their efficiency and applicability to 
various substances, although there arc in- 
stances, notably the case of uranium-235 — 
uraniurn-238, in which several of the meth- 
ods have been successfully used in large scale 
separation of the same substances. Among 
the methods of isotope separation are: 

(1) Separation by Centrifuge. A method 
in which a mixture of isotopes in the gaseous 
or liquid state is caused to spin at speeds. 
Tlie radial forces, which arc very high com- 
pared to ordinary gravitational forces, cause 
an increase in concentration of the heavier 
isotopes near the i)eriphery and correspond- 
ingly an increase* in concentration of the 
lighter isotopes near the axis of the chamber. 

(2) Separation by Diffusion Pumps. An 
application of the jiroeess of separation by 
diffusion through a gas, in which a gaseous iso- 
topic mixture diffuses through a vapor stream 
into tlu* jet of a diffusion pump. The lighter 
molecules are pumped preferentially by the 
streaming vapor, producing a separation effect. 

(3) Separation by Diffusion Through Gas. 
A method in which a gas that is an isotopic 
mixture is allowed to diffuse through another 
(preferably heavier) gas. Separation of the 
various isotopes is based on the principle that 
the lighter isotopic molecules diffuse through 
the heavier gas more readily than the heavier 
isotopic molecules. 

(4) Separation by Electrolysis. The sep- 
aration of isotopes by electrolytic decomposi- 
tion of a solution, as in the electrolysis of 
water for the concentration of deuterium. 
The method depends on the differing rates of 
discharge of isotopic ions, and hence is a func- 
tion of the chemical properties of the different 
isotopes. 
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(5) Separation by Electromagnetic Method. 
A separation of ions of varying mass by a 
combination of electric and magnetic fields. 
In the most common application an isotopic 
mixture of ions is produced eilher by electron 
bombardment of a gas or by thermionic emis- 
sion. The ionized particles are accelerated 
and collimated into a beam by a system of 
electrodes, and the beam is projected into a 
magnetic field where the paths of the ions 
depend on their mass-to-charge ratio. Prop- 
erly located collectors can be placed to receive 
ions of specified masses. The foregoing 
method is based on the principle of the mass 
spectrograph. 

(6) Separation by Fractional Distillation. 
A method whereby i.^otopes in licpiid form are 
separated in a fractionating tower by evaj^ora- 
tion and re-condensation. The distillation 
process results in an ui)ward-(hrect(vl stream 
of vapor and a downward-(lirt‘cted stream of 
liquid, the two being in intimale contact and 
constantly exchanging molecules. 

(7) Separation by (laseoiis DifTiision 

Through a Barrier. A method in which a gas 
that is an i->otopic mixture is allowed to dif- 
fuse through a porous wall or barrier. Sep- 
aration of the various isotojies is ba^ed on 
the principle that the lighter inoh'cules, .l/i, 
diffuse through the iiorous w^all more readily 
than the heavier moh'cules The elTective 

simple process factor is generally less than 

because of insufTiciently-long mean 
free path, back ditTusion, impovei u^hment of 
gas in front of the biirricr (cut correction, 
mixing inefficiency) etc. 

(8 1 Sejiarat ion by Ton Mobility. A process 
based on the difference in mobility of different 
ions in an electrolytic solution under the in- 
fluence of an electric field 

(9) Separation by Thennal Diffusion (see 
Clusius column). A method based on the ob- 
serv'ation that in many mixtures a tempera- 
ture gradient causes the concentration of one 
type of molecule in the warmer region and of 
the other type in the colder region. In the 
Clusius column a temperature gradient is 
established between two concentric vertical 
cylinders, and the counter-current circulation 
set up by thermal convection produces cas- 
cading of the effect. Either a gas or liquid 
may be employed as the working medium. 

ISOTOPE SEPARATIVE POWER. A meas- 
ure of the useful amount of separation ac- 


complibhcd in unit time by a separative ele- 
ment. It is proportional to the circulation 
which can be handled and, for separation 
factors only slightly greater than one, to the 
square of the excess over unity of the effec- 
tive simple process factor. 

ISOTOPE SHIFT. In atomic spectroscopy, 
a slight difTcronce in w^avelength for a given 
s])ectral line of one isotope as compared wuth 
another. 

ISOTOPE STRUCTURE. See hyperfine 
structure (2). 

ISOTOPIC ABUNDANCE. The relative 
amount (expressed as inimber of atoms) of 
a particular isotope in a sanqile of an clement. 

ISOTOPIC ABUNDANCE, FRACTIONAL. 

The ratio of the number of atoms of a par- 
ticular isoto])e to the total number of atoms 
of the clement, both in a given ^anijilc. It is 
u.'sually (‘xpre^sed as a percentage. 

ISOTOPIC ABUNDANCE, RELATIVE. The 

number of atoms of a particular isotope rela- 
tive (o a stiecified numbeT of atoms of a spcci- 
fi(‘(t isotojio, both in a git'on s{im|)lo TLsually 
(he meaning is more specific, as the number 
of atoms of a iiarticular isotope relative to 
100 atoms of the most abundant isotope, or 
to 1 atom of the least abundant isotope. 

ISOTOPIC ATOMIC WEIGHT. The com- 
parative atomic weight of an isotope, or a 
distil. (‘t atomic species, calculated on the basis 
of an atomic waught of 10 0000 for the lighter 
isotope of oxygen This differs fiom the 
standard chemical jiracUce, which uses as 
standard an atomic w’cight of 16 0000 for ordi- 
nary oxygen, wdueh contains small i)eiToritHges 
of i-^otoJ)es liaving ajiproximatc isotopic 
atomic w'cighls (mass numbers) of 17 and 18. 

ISOTOPIC DILUTION ANALYSIS. A spe- 
cial method for determining tliv concentration 
of an element in a system. A compound con- 
taining a radioactive isotope of the element 
at knowm concentration is added to the sys- 
tem. A pure sample of the compound is then 
isolated from the system. From the decrease 
in activity of the tracer element the original 
concentration of the element in the system 
can be computed, 

ISOTOPIC EXCHANGE. (1) A process 
whereby atoms of the same clement in two 
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different molecules or in different sites in the 
same molecule exchange places. Thus 

HC'^N(,) + ^ 

I1C^^N(,) + ). 

The equilibrium in such an exchange reaction 
is influenced slightly by the relative masses 
of tlie two atoms which exchange, and it forms 
the basis of one of the methods of i&otope 
separation an<l concentration. (2) The trans- 
fer of ibotopically tagged species, without net 
chemical reaction, from one chemical form 
or valence state of an element to another. 
This may come about by exchange of tagged 
atoms, by exchange of other atoms in the 
clicmical complex or by transfer of electrons. 

ISOTOPIC INDICATOR. The same as' iso- 
topic tracer. 

ISOTOPIC MASS. A term formerly used for 
atomic mass. 

ISOTOPIC NUMBER. The same as neutron 
excess. 

ISOTOPIC SPACE. Tlie same as isobaric 
space Defined under quantum number, 
isobaric spin. 

ISOTOPIC SPIN QUANTUM NUMBER. 

The same as isobaric bpin quantum number. 
(See quantum number, isobaric spin.) 

ISOTOPIC TRACER. Sec tracer. 

ISOTRIMORPHISM (TRIPLE ISOMOR- 
PHISM). The eondition in vvlneh two isoinor- 
phoufe substances are each trimorplious and 
each of the three pairs of fonns is ibomor- 
])hous (Cf. isodimorphisin.) 

ISOTRON. A device for isotope bcparation 
based on the electrical sorting of ions. Ions 
of different mass accelerated to a given energy 
have different velocities. By synchronizing 
the field on a deflector grid to pulses in the 


ion source, ions of different velocities (hence 
different masses) may be collected. 

ISOTROPIC MEDIUM. A medium whose 
properties are the same, in whatever direction 
they are measured. Sucli a medium has only 
two independent elastic moduli or constants, 
and only one refractive index, dielectric con- 
stant, magnetic susceptibility, etc 

ISOTROPIC SOLIDS, ELASTIC PROPER- 
TIES OF. See Young modulus, Poisson 
ratio, compression modulus. 

ISOTROPISM. Po‘^t>('ssing isotropic proper- 
tie-^, i e , properties whose physical magnitude 
IS independent of orientation. 

ISOVOLUME. An isochore. 

ITERATED FISSION EXPECTATION. In 
a critical assembly, the value after large time 
of tlie number of fi^^ioiitj per generation time 
uribing from the daughter neutrons of a given 
neutron Thi> is a specific normalization of 
the importance function. 

ITERATIVE IMPEDANCE. Thar imped- 
ance whieli, when applied to one pair of ter- 
minals of a four-terminal transducer \^ilI 
cause the same im})e(lance to appear between 
the remaining pair of terminals 

ITERATION, METHOD OF. A process of 
buceesbive afiproxirnations used in tlie nu- 
merical solutjon of algebraic or transcendental 
equations, differential equations, for inter- 
polation, etc Suppose, for example, the real 
roots of a nuiriencal equation fix) =0 are 
desired and that the equation can be written 
in the fonn x — <^(a;). Find an approximate 
root Xo, graphically or otherwise, and calcu- 
late x, <#>(xo), which is a better approxima- 
tion than Xq. Continue, and calculate Xo = 
</»(X]) ; X3 =- (f>{x 2 ) ; ; Xn = 0(x,^^i), until 

the required number of significant figures is 
obtained. 


J 


J. (]) Joule, (J). (2) Joule mechanical or 

electrical equivalent of heat, (J). (3) Radi- 

ant intensity (J), spectral radiant intensity 
(J\). (4) Heat transfer factor (J). (5) Oram- 
cquivalcnt weight (J). (G) Action variable 

(J). (7) Electric current density (J). (8) 

Imaginary unit, V— in electric circuits (;). 
(0) Polar moment of ineria (J). (10) Inner 

quantum number (quantized total angular 
inomentiim of electron) (;). (11) Total inner 
quanlum number (quantized total angular 
momentum of systems of two or more elec- 
trons) (,/). (12) Unit lector in //-direction 

(}). (13) Total emissive power (J), mono- 

cliromatic emissive power (Jx or J„). 

J ANTENNA. See antenna, J. 

COUPLING. See coupling, 

JACK. A connecting device arranged for the 
insertion of a plug. One or two circuits may 
be carried by the jack and, in addition, it may 
perform one or more switching functions upon 
insertion or removal of the plug. 


doubly periodic, and are generalizations of 
the trigonometric and hyperbolic functions, 

which are singly periodic. 

JACOBI POLYNOMIAL. A solution of the 
differential equation 

•?-(l ~ ^)y" + [c - (a 4- 

+ n(a + n)y = 0 

witli a, c renl ; c > 0;n > (c — J ) : a?, an integer. 
The ?/th polynomial is given by the series 

= 1 + i: (-1)4”) X 

k^i \ a 7 

(a + n)(a -{- n + 1) • * • (a + ^ ^ 1) 

r{c + 1) • ‘ • (c + fr — 1) 

where r is not a negative integer. The poly- 
nomials are a spt^cial case of the Gauss hyper- 
gcomctric function 

Jn{a,c,i) = F{ — ri^a + rijC]x) 


JACKFIELD. A field of jacks. 

JACK-SCREW. A simple machine in which 
the force required to move an object is re- 
duced by applying the force on a lever arm 
connected to a screw\ The theoretical me- 
chanical advantage is equal to 2TrR/h win re 
h is the pitch of a screw and 7? is die length 
of tlie lever arm. Because of friction the ac- 
tual mechanical advantage is very much less 
than this, 

JACOBI ELLIPTIC FUNCTION. If an in- 
complete elliptic integral of the first kind is 
indicated by 2 , then z is flefined as a function 
of k and <^, where fc is the modulus of z and </> 
is the amplitude of the integral. Calling the 
integral w, designating the inverse function 
<f> — SLtn Uj then x = sin (am n). The latter 
quantity, generally written x = am w, is a 
Jacobian elliptic function. Related ones arc 
cn u = cos (am w) = ±V1 — 

± V 1 — They have simple poles, are 


while the Legendre and Tschebyscheff poly- 
nomials are special cases of the Jacobi i^oly- 
nomials 

/%(.0 = TJx) = Jn{0,i,z) 

where 22 — (1 -- x). 

JACOBIAN. Let Fj and be tw'o functions 



Then 
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is the funetional determinant 01 Jacobian of Fi 
and F 2 with respect to u and v. It is frequently 
denoted by d(F\^F 2 )/^(UjV). 

In general if Fi, F 2 , • • •, Fn are functions of 
wi, ^' 2 , ' * •) Wn, then 
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(Sec also Hessian.) 

JAEGER METHOD FOR SURFACE TEN- 
SION. A method whereby the pressure nee(\s- 
sary to cause air to flow from a capillary tube 
immersed in tb(’ liquid is measured. It i-^ 
particularly suitable for investigatiuK 
variation of surface tension with t(‘ni])erature. 

JAEGER-STEINWEHR METHOD FOR 
MECHANICAL EQUIVALENT OF HEAT. 

A risc-of-tpm])erature method similar to the 
Griffiths method. lmi)roveiiients co^si'^t in 
(a) the use of a larM:e mass of water, (b) small 
rise in temperature, (c) efficieni stirriiij; of 
the water and (d) controlled temperature of 
the surroundings. 

JAMIN EFFECT. A capillary tube filled 
with a column of air bubbles separated by 
liquid can witlistand a substantial ])re^'-ur(‘ 
difference between its ends without contin\ied 
flow. This rc'^istancc to flow arises from pr(‘s- 
sure differences due to surface tension which 
arise when the air-liquid interfaces are dis- 
torted by the initial disjilacement. 

JAMMING. Tran«^mission of a signal or sig- 
nals to cause interference in the reception of 
another station or radar. 

JEANS VISCOSITY EQUATION. An equa- 
tion relating the viscosity of a gas to the tem- 
perature, having the form rj = kT^, where fc 
is a constant, T is the absolute temperature, 
and n is an empirical constant differing for 
different gases. 

JET. A jet is produced when fluid is dis- 
charged through an orifice into a free space. 
A liquid jet may be 'rce if it is discharged into 
a gas or submerged .f it is discharged into 
a body of the same liquid. 

JET ENGINE. Technically this term might 
include any device for propulsion which uses 


the reaction force obtained from the accelera- 
tion of a fluid stream (see jet propulsion). 
In many engineering applications, the interest 
is in combustion jets, wherein the reaction 
of a powerful jet of products of combustion 
expelled rearward from the engine is the 
source of propulsion. Present-day jet en- 
gines meeting this specification are classified 
as follows: (1) Gas turbine systems or turbo- 
jets; (2) Resonance ducts; (3) Acro-thermo- 
dynamic ducts. 

All of these draw in air for combustion from 
the surrounding atnKisphere, and it is in this 
respe(‘t that they differ from rocket motors. 

JET, GAS. As gas is a compressible fluid, 
the v(‘l()city attained in a jet cannot be evalu- 
ated from HcTiioiili’s princijile. If one uses 
adiabatic* t'xpaii^ion from Pi to P. in a ])rop- 
erly shaped nozzle, the ideal velocity of the 
gas jet is: 


V 


8 




ft per see. 


R and z are eharacterist ics of the gas.Vj* bedng 
the common gas eonstaiit (i.e., 53.1 fl-lhs per 
degrc'c for air), and being (c,, — r„)/c;, wherein 
the c’.s aiv sjiecafic heats, B.T.l'. ])er lb ])er 
degree, al constant pressure and coiislaiit vol- 
ume. 


z = ,286 for air under 1000°F. 
z = .23 to .28 for products of combustion of 
fuels. 

Ti is flic absolute temperature at pressure P\. 

JET PROPULSION. Jet jiropulbioii, as com- 
monly praetic(‘d, is reaction propulsion. In 
other power })lants where both action and re- 
action exist, it is the action that is sought for 
use, and the reaction claims attention chiefly 
on aceouiit of the need for })roviding anchor- 
age or support. But jet propulsion uses the 
reaction. 

JET STREAM. Two circumpolar air cur- 
rents moving in a highly-irrcgular, periodi- 
cally-variable, east-to-west direction. Their 
general location is about 35,000-55,000 ft 
above the eai'th’s surface, and to iniddlc-to- 
northorn and middlc-to-southcm latitudes; 
thus the northern hemisphere jet stream 
passes over the United States and the Medi- 
terranean, with loops much further north. 
The velocity varies from 100 to 500 miles per 
hour. 
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JETEC. Abbreviation for Joint Electron- 
Tube Engineering Council. 

JITTER. Small, rapid variations in a wave- 
form due to mechanical disturbances or to 
changes in the supply voltages, in the charac- 
teristics of components, etc. 

JOG. A step in a dislocation line, brought 
about by the intersection of dislocations with 
one another. 

JOHNSON AND LARK-HOROWITZ FOR- 
MULA. A formula for the resistivity of a 
metal or degenerate semiconductor due to the 
presence of iminirities which scattcT the elec- 
trons. It may be written 

p = ohm-cm 

where n is the number density of impurity 
atoms per cm^. 

JOHNSON NOISE. See noise, thermal. 

JOLY “BLOCK” SCREEN. A bench pho- 
tometer head com])Osed of two blocks of opal 
glass or paraffin with an opafpie partition 
between tliein. AVhen the sides of the blocks 
are equally illuminated, the two front faces 
are lighted up (‘qually by diffusion from 
within. 

JOT.Y STEAM CALORIMETER. A differ- 
ential method of measuring specific heats of 
gases at constant volume, bas('d uf)on the dif- 
ference in amount of condensation of steam 
on an evacuated metal sphere and that on an 
identical sphere filled with tlie gas under in- 
vestigation. 

JORDAN COSMOLOGICAL THEORY. 

Theory that the total energy" of the univeive 
is zero, based on the observation that the rest 
energy and gravitational potential energy are 
of the same order of magnitude and of oppo- 
site sign. By equating large dimensionless 
ratios derived from astronomical and atomic 
observations, the theory leads to the conclu- 
sion that the gravitational constant is de- 
creasing as and the mass increasing as 

wffiere A is the age of the universe. 

JORDAN - WIGNER COMMUTATION 
RULES. Rules obtained for a (luantizcd field 
theory by replacing the commutators in the 
canonical commutation rules by anticommu- 
tators. These rules lead to the Pauli exclu- 
sion principle and are applicable to fermions. 


JOSHI EFFECT. An electric current through 
a gas or vapor is changed, i.e., increased or 
decreased, by irradiating the gas or vapor 
with Ijght. 

JOULE. A unit of energy or work in the 
MKS system of units, ab})reviation J, The 
work done when a force of one newton pro- 
duces a (lis]daccmciit of one meter in the 
direction of the force. 

1 .7 = 10 ^ erg = 0 calorie. 

JOULE-CLAUSIUS VELOCITY. A quan- 

tily nsed in (Inscribing the kinetic bediavior 
of gases, and defined by tlie equation p = 
V:\(UP, where p is the pr(\ssnre of the gas, d 
is the den.^ity, and G is the Joule-( "lausins 
velocity. 

JOULE CYCLE. A quantity of ideal gas is 
taken through the following revei’siblc proc- 
e^'ses: (a) from a ])ressure Po and volume T, 
eoniprosed adiabatically to pressure P \ ; (b) 
heated at constant pressure Pi; (c) expanded 
adiabatically to pressure Pi>; (d) cooled at 
constant ])re^sure P> to initial volume V. 
The enici(‘iicy of a Joule engine is 



where 7 is the ratio of the specific heats. 

JOULE EFFECT. Sec discussion of mag- 
netostriction. 

JOULE EFFECT, INVERSE. See discussion 
of magnetos tiiclion. 

JOULE EXPERIMENT. Experiment de- 
signed to (l('t('ct the presence of inicrmo’-'^cu- 
lar attraction^ in a gas. The gas, contained 
in a small steel vessel, was allowed to ex- 
paral into another vessel which was evacu- 
ated, thereby increasing llic potential energy 
due to the intermolecular forces. This in- 
crease takes ])lacc at the expense of the ki- 
netic energy of the molecules, the system be- 
ing iboIaU^d, i.e., a temperature drop should 
occur. The original experiment failed to de- 
tect tills drop owing to the large thermal ca- 
pacity of the apparatus. The effect would be 
zero in the case of an ideal gas, where there 
are no intermolecular attractions. (See also 
Joule-Thomson effect.) 
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JOULE LAW. The quantity of heat gener- 
ated by a steady electric current is propor- 
tional to the resistance of the conductor in 
which the heat is generated, to the square of 
the current, and to the time of its duration: 
H = KRIH. If the resistance is in ohms, the 
current in amperes, the time in seconds, and 
the heal in calorics, the constant K has the 
value 0.2390 calories/joule 

JOULE-ROWLAND METHOD FOR ME- 
CHANICAL EQUIVALENT OF HEAT. 

This is Joule’s well-knowm method in wdiich 
the mechanical energy of a paddle wheel is 
dissijiatcd in a calorimeter filled with water. 
The original experiments of Joule yielded poor 
values for J, hut wTre much improved by the 
modifications to his apparatus introduced by 
Rowland 

JOULE-THOMSON COEFFICIENT. The 

ratio of the change in temperature to the 
change in pressure when a gas expands at 
constant enthalpy to a low^('r jiressun' through 
a small aperture or porous plug 

JOULE-THOMSON EFFECT. In pas<^ing a 
gas at high pressure through a porous plug or 
small aperture, a difference of temperature 
between the compressed and released gas may 
be noticed Hydrogen and helium becoiiK' 
wanner and all other gases cooh'r at ordinary 
temperatures and jiressures. This phenome- 
non lb called the Joule-Thornboii effect. It is 
due to the deiiarture of real gases from Ihe 
ideal gas laws. With a perfect gas no dif- 
ference should be observed. 

JOULE-THOMSON INVERSION TEM- 
PERATURE. The temperature, or one of the 
twm possible temperatures, at which the Joule- 
Thomson coefficient clianges its sign for a 
given gas. 

JOURNAL. The region of surface contact 
betw’con a rotating member and a fixed sup- 
porting member. Generally impregnated 
with some form of lubricant to reduce fric- 
tion (See bearing.) 

JUNCTION (IN A SEMICONDUCTOR DE- 
VICE), A region of transition bttw^een semi- 
conducting region" of different electrical 
properties. (See barrier layer.) 

JUNCTION vlN A WAVEGUIDE). A point 
or region in a waveguide at which provision 


is made for the flow of energy into two or 
more paths. 

JUNCTION, ALLOY (IN A SEMICONDUC- 
TOR). A junction formed by alloying one or 
more impurities to a semiconductor crystal. 

JUNCTION, COLLECTOR (OF A SEMI- 
CONDUCTOR DEVICE). A junction nor- 
mally biased in the high-resistance direction, 
the current through which can be controlled 
by ihe introduction of minority carriers. (See 
carrier, minority.) 

JUNCTION, DIFFUSED (IN A SEMICON- 
DUCTOR). A junction which has been 
formed by the diffusion of an impurity within 
a semiconductor crj^stal. 

JUNCTION DIODE. Se e diode, junction. 

JUNCTION, DOPED (IN A SEMICON- 
DUCTOR). A junction ])roduccd by the ad- 
dition of an impurity to the melt during crys- 
tal growth. 

JUNCTION, E-PLANE TEE. Foj a rec- 
tangular umconductor waveguide, a tee junc- 
tion (see junction, tee) of which the elcetrie 
field vector of the dominant wave of each arm 
is })aiaUel to the plane of the longitudinal 
axes of the guides 

JUNCTION, EMITTER (IN A SEMICON- 
DUCTOR). A junction normally biased in 
the low"-resi"^tance direction to inject minoritv 
earners (see carrier, minority) into an inter- 
eleetrode region. 

JUNCTION, FUSED (IN A SEMICON- 
DUCTOR). A junction foinied by recrystal- 
hzation on a base (*rystal from a liquid phase 
of one or more components and the semi- 
conductor. 

JUNCTION, GROWN (IN A SEMICON- 
DUCTOR). A junction produced during 
growth of a crystal from a melt. 

JUNCTION, //-PLANE TEE. For a rec- 
tangular umconductor waveguide, a tee junc- 
tion (sec junction, tee) of w^hich the mag- 
netic field vector of the dominant wave of 
each arm is parallel to the plane of the longi- 
tudinal axis of the guides. 

JUNCTION, HYBRID. Waveguide arrange- 
ment with four branches which, when branches 
are properly terminated, has the property 
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Junction, N-N — Just Scale 


that energy can be transferred from any one 
branch into only two of remaining three. In 
common usage, this energy is equally diviiled 
between the two branches. 

JUNCTION, N‘N (IN A SEMICONDUC- 

TOR). A region of transition betwet'n two 
regions having different properties in 7?-typc 
semiconducting material. (See semiconduc- 
tor, n-type.) 

JUNCTION, PN (IN A SEMICONDUC- 

TOR). A region of transition betwocn p- and 
n-type semiconducting material. (See semi- 
conductor, p-type and semiconductor, n- 
type.) 

JUNCTION, P-P (IN A SEMICONDUC- 

TOR). A region of transition between two 
regions having different properties in p-iype 
semiconducting material. (See semiconduc- 
tor, p-type.) 

JUNCTION POINT. Sec node. 

JUNCTION, RATE-GROWN (IN A SEMI- 
CONDUCTOR). A grown junetiun (see 

junction, grown in a semiconductor) pro- 
duced by varying the rate of crys^tal growth. 

JUNCTION, SERIES TEE. A lee junction 
(see junction, tee) having an cquualeiit cir- 
cuit in which the impedance of 11 k' branch 
guide is predominantly in scries with the im- 
pctlance of the main guide at the junction. 


JUNCTION, SHUNT TEE. A tee junction 
(see junction, tee) having an equivalent cir- 
cuit in which the im})edanee of the branch 
guide* is predominantly in parallel with the 
impedance of the main guide at the junction. 

JUNCTION, TAPERED-RIDGE. A wave- 
guide-coaxial line junction w’hich uses a ta- 
pered section of ridg(' waveguide to widen the 
band over which low standing wave ratios 
may he obtaimal. (Sec waveguide, ridge.) 

JUNCTION, TEE. A junction of wave- 
guides in which the longitudinal guide axes 
form a T. The guide which continues 
through the junction is the main guide; the 
guide which terminates at a junction is the 
branch guide. 

JUNCTION, Y (OR WYE). A junction of 
waveguides such that the longitudinal guide 
axes form a Y. 

JURIN LAW. The height of rise of a liquid 
in a capillary tube of internal radius a is 

2y cos a 

h = 

pga 

where 7 is the surface tension of the liquid, 
a is the angle of contact with the capillary, 
p the liquid density. 

JUST SCALE. Sec scale, just. 



K 


K. (1) Proportionality constant in force- 
mass equation (K) . (2) Torsion constant, or 

torque per unit twist (k). (3) Unit vector in 

Z-dircction (k). (4) Miller index (hjki). 

(5) Degree Kelvin (6) Itcaction ve- 
locity constant (A). (7) Luminous eflicicncy 

(K) ; monoeliromatic luminous efficiency 
(K\). (8) Magiu'iic volume suscej)tibility 

(fc). (9) Mass transfer coefficient (K or fc). 

(10) Thermal conductivity (A). (11) Com- 
pressibility factor (k). (12) Rquilil)rium 

constant (K). (13) Boltzmann constant (fc). 

(14) Curvature (K). (15) Force constant 

(fc). (16) Radius of gyration (A). (17) 

Kerr constant (7C). (IS) Sj)ring constant 
(k). (19) Crid conductance, at 0 fre(iiieiicy 

and constant plate })oicntia] (A',,) (20) Po- 
tassium (K). (21) Proportionality constant 

in Coulomb's law (AL). (2) Proportionality 

constant in law of attraction between cur- 
rents (A”,,,). (23) Kayser, ])roposed unit of 

wave number cm ^ (A"), (24) Absolute 

value of vibronic angular inomentuin of poly- 
atomic molecule (K, used in case where elec- 
tron is zero or loosely-coupled). (25) Cir- 
cuit-diagram designation for cathode of vac- 
uum-tube (k). (26) Reproduction factor, nu- 

clear process (A). 

K-CAPTURE. See K-clectron capture. 

K-ELECTRON. An eh'ctron having an orbit 
of such dimensions that the electron consti- 
tutes part of the first shell of electrons sur- 
rounding the atomic nucleus; orbitals in the 
K-shell are characterized by the principal 
quantum number value of unity, i.e., it is the 
innermost shell. 

K-ELECTRON CAPTURE. Capture by a 
nucleus of an electron of the shell, or the 
innermost shell of electrons surrounding the 
nucleus. This process accompanies the de- 
cay processes of arL6cially-radioactive atomic 
nuclei, notably tho- . emitting positrons. 

K/L RATIO The ratio of the number of 
internal conversion electrons from the K-shell 
to tL"' number of internal conversion electrons 


from the L-shell, emitted in the de-excitation 
of a nucleus. This is equal to a^/otL where 
ax is the K-eleclron conversion ratio, and 
az, the L-electron conversion ratio. 

K-LINE. (1) One of the characteristic lines 
in the x-ray spectrum of an atom produced by 
K-electron exedation. (2) The designation 
used for a strong line in the emission spec- 
trum of calcium, useful in fixing spcctro- 
graphic positions. 

KRS-5 (KRYSTALL, SYNTHETISCH NO. 

5). An eutectic mixture of thallium bromide 
and thallium iodide. KRS-5 is transi)arcnt to 
the infrared radiation extiaiding from the red 
end of the visible to past 30 microns. It is 
rather soft and difficult to i)olisli, budt is used 
for inlrared windows, lollso^ and ('ven prisms, 
because of its remarkable range of transpar- 
ency. 

K-RVDIATION. The radiation, or rather 
radiations, emitted when K-cIectrons are ex- 
cited. These radiations are x-rays of rcla- 
tnely high frequency, and of similar spectral 
distribution for the various el(‘ments, o\cef)t 
that they are displaced in the direction of de- 
creasing wavelength as the atomic number 
of the element increases. Tliey are commonly 
obtained by bombardment with high-speed 
electrons of the particular element, usually 
in the form of the metal. 

K-SHELL. The innermost shell of electrons 
surrounding the atomic nucleus; this shell 
consisting of llie K-electrons. 

k-SPACE. An abbreviation for momentum 
space, or wave-vector space, i.e., the space 
mapped out by the wave-vectors k, c.g., of 
the various electronic wave functions in a 
metallic crystal. It has the same symmetry 
properties as the reciprocal lattice of the 
crystal. 

KALUZA THEORY. Unified field theory of 
gravitation and electromagnetism based on a 
live-dimensional continuum, the fields being 
independent of the fifth coordinate in a special 
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coordinate system. Momentum of a particle 
in the fifth direction is interpreted physically 
as the electric charge of the particle. 

KAMPOMETER. An instrument used to 
measure radiant energy, especially in the ther- 
mal region. 

KAPNOMETER. An apparatus used to de- 
termine the concentration of solid or liquid 
particles dispersed in a gas, such as the den- 
sity of smoke or fog. 

KARMAN CONSTANT. An absolute con- 
stant introdiUHHl by A^on Karman in his simi- 
larity theory of turbuk'nce. In turbulent 
boundary layers sufficiently close to the bound- 
ary, the rate of shear dU/Oy is related to dis- 
tance from the boundary y by 

dU ^ 

dy \p/ Ky 

where ro is the shear stress at the wall, p is the 
fluid density, K is the Karman constant. The 
best availalde value of K is 0.41 =t 0.01. 

KARMAN STREET OF VORTICES. Be- 
yond a critical flow Reynolds number, tlic 
laminar wake of a long cylind('r is unstable 
and develops into a (loul)ie row of dilYu'^e 
vortices, arranged alternately in two roAvs as 
are street-lamps. T. \oii Kai’inan investi- 
gated the stal)ilily of a doui)le row of line 
A'Oiiice.s in an inA’iscid fluid, and slw wed that 
only one alternating arrangement w stable, 
and that the computed ratio of spacing of the 
Amrtices to separation of the rows agrees well 
AAuth observation. 

KATABATIC WIND. Cold-air drainage 
downhill toAvard loAvcr terrain. In ra- 

vines katabatic Avinds locally reach high ve- 
locities. 

KATHAROMETER. An insiiument for de- 
termining the comi^osition of a gas mixture 
by measuring variations in its thermal con- 
ductivity. 

KATOPTRIC SYSTEM. If an optical sys- 
tem is convergent, it is (‘ailed katoptric if the 
object space focal length is positive and the 
image space focal length is negative. If a lens 
system is divergent, it is called katoptric if 
the object space focal length is negative and 
the image space focal length is positive. 


KAYSER. A unit of wave number, the recip- 
rocal centimeter 

KEEP-ALIVE ANODE. A holding or exci- 
tation' anode. 

KEESOM RELATIONSHIP. A relntionship 
between molecular attraclion and the inter- 
action of dipoles. The resultant attraction 
(h'pending on the relative orientation of the 
(Iipol(\s of the molecules may h(' expressed in 
terms of the mean interac'tion potential en- 
ergy Uq b('twecn two polar molecules 


AA’licTe IX is the dipole moment, r, the distance 
betAAxen the molecul(‘s, k\ tlie Boltzmann 
constant, and T, the absolute temperature. 

KELLNER EYEPIECE. A Ramsden eye- 
piece in Avlucli the eye lens is an achroma- 
tized, cemen t('d doublet. 

KELLOGG EQUATION. An equation of 
state, n'lating the pressure, absolute tem- 
pc'ralurc, and density of a gas. It is of the 
form : 

;> - ItT, + (b.RT - A. - p-‘ 

in which p is (he pres-^ure, T the absolute 
temperature, p the densiW, R the ga.s con- 
stant, and Ao, Coy u, b, and r are constants. 

KELVIN ASTATIC C ALVANOMETER. 
Sre galvanometer. Kelvin astatic, 

KELVIN CIRCULAIION THEOREM. In 

any nmlion of an inviscid, barotropic fluid, 
the circulation around a path moA’ing with the 
fliiid is inA'ariant. 

KELVIN DOUBLE BRIDGE. See bridge, 
Kelvin double. 

KELVIN EFF'ECT. See thermoelectric phe- 
nomena. 

KELVIN ELECTROMETER. Sec electrom- 
eter, Kelvin. 

KELVIN EQUATION FOR SURFACE 
TENSION. 
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486 


where Ug is the surface energy per unit area, 
7 is the surface tension, T is absolute tem- 
perature. 

KELVIN LAW. When a system of rigid cir- 
cuits docs mechanical work under constant 
current conditions, the energy of the circuits 
increases at the same rate as work is done. 
(See force on rigid circuits; force on a sys- 
tem of conductors.) 

KELVIN METHOD OF MEASURING GAL- 
VANOMETER RESISTANCE. In a Wheat- 
stone bridge (see bridge, Wlieatstonc) at 
balance, shorting the “detector” branch has 
no effect. Hence, if a galvanometer is u^ecl 
as one bridge-arm, and a shoHing-switch as 
the “detector,” balance of the bridge will yield 
the resistance of the galvanometer. 

KELVIN TEMPERATURE SCALE. See 
temperature scale, Kelvin. 

KELVIN- VARLEY SLIDE. An arrangement 
often used in potentiometers, wliercin a ver- 
nier voltage-divider is moved as a unit along 
a coarse divider, maintaining a constant net 
divider resistance for all settings. 

KENDALL EQUATION FOR VISCOSITY. 

For solutions of non-electrolytes 

for a binary mixture, where x and tj are mole 
fraction and viscosity respectively. 

KENNEDY-THORNDIKE EXPERIMENT. 

Modified form (1932) of the Michelson-Mor- 
ley experiment in which (he path lengths of 
the split beam were made unequal. The 
Fitzgerald-Lorcntz contraction hypothesis 
would then be unable to explain the null re- 
sult. 

KENNELLY-HEAVISIDE LAYER. A re- 
gion of the atmosphere, usually taken as 
identical wdth the ionosphere. 

KENOPLIOTRON. A diode-triode vac- 
uum tube in which the cathode of the triode 
clement is the anode of the diode element. 

KENOTRON. A high-vacuum diode rectifier 
tube. The tube contains a hot cathode, either 
filament or indirc^ t’y heated type, and an 
anode. Since elc: • rons are emitted by the 
cathode and may be drawn to the anode when 
the latter is positive but the reverse process 
cann^*^ take place, the tube will pass current 


in only one direction, hence serves as a recti- 
fier. 

KEPLER, LAWS OF. See laws of Kepler. 

KERNEL. A known function, also called a 
nucleus, K(x,z) wdiich occurs in an integral 
equation. It is symmetric if K(x,z) = 
K{z,x)] Hermitian if K(x,z) = K* {z,x) ] 
skew Hermitian if K{x,z) = —K*iz;c)y 
where the astc'risk indicates the complex con- 
jugate. A polar kernel has (he form K (XjZ) = 
ii{z)G{x,z) y where GiXyZ) is symmetric. It 
may he transfonned into a symmetric kernel 
by a change of the dependent variable. A 
definite kernel, positive or negative, satisfies 
the requirement 

Jfixyix f K(x, 2 )/(,)dz 5 0, 

where / (x) is any finite function defined over 
the range for which the kernel is defmc'd. A 
singular kernel has a discontinuity, one or 
more singular i)oints witliin its integration 
limits, or an infinite integration limit. A 
solving kernel or resolvent is an infiititc series 
of iterated kernels which appears in the 
Liouvillc-Neumann series. 

KERNEI., DIFFUSION. The total flux at a 
point resulting from a distribution of sources 
throughout space is given by 

= r S(ro)G(royr)drQ. 

•^all space 

In this expression the term G(ro,r) is called 
the kernel, and its form depends on the geom- 
etry. »S(rn) is the source strength at the point 
To. The common kernels are the point, plane, 
line, spherical shell, and cylindrical shell. 

KERNEL, GAUSSIAN (FERMI AGE). See 
kernel, slowing down. 

KERNEL, GROUP-DIFFUSION. An ap- 
proach to the problem of determining the spa- 
tial distribution of the slowing down density 
of neutrons in an infinite medium, as a func- 
tion of energy, in which it is postulated that 
the energy of the neutrons is divided into a 
finite set of groups. (See group diffusion 
method.) 

KERNEL, SLOWING DOWN. A generali- 
zation of diffusion kernels (see kernel, diffu- 
sion) in which the slowng-down density from 
a distributed source is expressed in terms of 
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Kerr Cell — Keystone Distortion 


elowing-down kernels, which represent the 
probability that a neutron will go from one 
position to another while slowing down 
through a s})eeifie(l energy range. 

KERR CELL. A cell wdth electrodes which 
can hold a suitable dielectric fluid for observ- 
ing the Kerr effect. By placing such a cell 
between crossed nicols, a pulse of light of vciy 
short duration may be passed by a])i)lying a 
potential difference to the electrodes for a 
very short time. 

KERR EFFECT. Many isotropic substances 
wdi(‘n placed in an electric field ])ehav(‘ like a 
uniaxial crystal (see crystal, uniaxial) with 
the ofitic axis in the direciion of (he held. If 
n is the index of (he wbstance in the absence 
of the fi(‘l(l and Uj, and are the indices for 
the inagtu'iic vector lairallel and ])erpendicu- 
lar to the fii'ld, it is <hown tliat - 

\KJi“y Kerr law, wlnaa* K is the Kerr con^-tant 
and E is the eh'ctric held strength. The re- 
lation Up - ri - 'KUf, — n) is the Havelock 
law’. 

KET VECTOR. Vector in Hilbert space de- 
scribing the stall* of a dynaiuical systi'in in 
quantum mechanics. Denoted by the syuibol 
lA). 

KEV. Symbol for 1000 electron volts, a unit 
of energy. 

KEY. A I ian(l-op(*i’alt'd swdteli used for sig- 
naling ])urpose--. 

KEY CLICK. Thr sharp transient hea^d in 
loudspeakers or headphones when a key is 
open or eloped. 

KEY-CLICK FILTER. See click filter. 

KEYER. A ( le\ ice which changi's tlic ontjnit 
of a transmitter from one value oi ampli- 
tude or frequi'Ticy to another, in accordance 
with the intelligence to be transmitted. This 
applies generally to telegraphic keying. 

KEYES EQUATION. An equation of state 

for a gas, deduced from the concept of the 
nuclear atom. This equation is de«^igned to 
correct the van der Waals equation for the 
effect upon the term b of llic surrounding 
molecules. The eciuation is written aa 

RT A 

^ ~ (F + Z)2 


in w'hich P is prcssurig T is absolute tempera- 
ture, V is \oluiae, R is the gas constant, e is 
the base of natural logarithms, 2.71S--*, and 
A, a, By and I are constants for each gas. 

KEYING. The forming of signals, such as 
those oni[)loycd in telegra])h transmission, by 
an abnipt modulation of the output of a di- 
rcet-current or an alternating current source 
as. for example, by iiiterrui^ting it or by sud- 
denly changing its am]>liiu(lo, or frequency 
or some other charartc'ristie. 

KEYING, BACK-SIIUNT. A method of 
keying a transmitter in w'hich the radio-fre- 
quency energy is fed to the antenna when the 
telegr:q)h key i< clo’^ed, and to an artificial 
load, when tin* key is open 

KEYING, BREAK-IN. 'A method of operat- 
ing a radiote1egrai)h communication system 
ill which 11 ) 1 * r(‘cr*i\'(‘r is callable of receiving 
signal.^ diirinv iraiisnu'^sion spacing intervals. 

KEYING CHIRP. A key click. 

KEYING, ELECTRONIC. A method of 
keying wluTeby the control is accomplished 
solely by electronic means. 

KEYING, PLATE. Keying efl’eeted by inter- 
rupting the i)lat(‘-supply circuit. 

KEYING, SINGLE-TONE. That form of 
keying in which Ihe modulating wave causes 
tlie carrier to be inodulatc'd w’ith a single 
loTu* for one condition, which may be either 
“m.-irking” or “spacing,*’ and the carrier is 
unmodulated for the other eonJitiuns. 

KEYING, TWO-SOURCE FREQUENCY. 

That form of keying ii, w’hich the modulating 
w'ave abnijitly sJiifls the output freqm iicy 
l>etwa*en predetermined values, where the 
values of output frequency are derived from 
indepeiuh'nt sources and, therefore, the output 
^'a^e not coherent and, in general, wdll have 
a pliJise discontinuity. 

KEYING, TWO-TONE. That form of key- 
ing in wdiich the modulating wave causes the 
carrier to he modulated with a -Angle tone for 
Ihe hnarking” c(Ui(lition and modulated wdth 
a different single tone for the “spacing’^ con- 
dition 

KEYSTONE DISTORTION. See distortion, 
keystone. 
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KICK SORTER. A British and Canadian 
term for pulse-height analyzer. 

KICKBACK. See flyback. 

KICKBACK SUPPLY. See flyback supply. 

KIKUCHI LINES. A sc ‘rios of spectral lines 
obtained by directing an electron stream 
against the surface of a crystal, due to the 
scattering of (dectrons l)y layers of atoms in 
the crystal structure. 

KILO-. A prefix used with many physical 
units, denoting one tliousand. Thus 1 kilo- 
meter = 1000 meters; 1 kilowatt - 1000 
watts. 

KILOCALORIE. Unit of energy, ahlirevia- 
tion Kcal or Cal. One thousand calorics. 
The energy re(iuir(*d to raise' one kilogram of 
water througli a tcmpei*ature rise of erne de- 
gree Celsius, witliout any vaporization. 
Wlien greater pn'cision is nt'edcd, the kilo- 
calorie is defined a.'** 1,184 0 jouh's. 

KILOCURIE. One thousand curies. 

KII.OGRA^^. (1) Unit of mass, abbrevia- 
tion K or Kg. A mass ecpial to that of the 
International prototype' kilogram, a idatinum 
body ke'pt at Sevre. 

(2) Vmt of feirce Tlie wedglit eif one kilo- 
gram mass. Wlien (’xtre'ine j)re'e-isiem is 
needed, it is specified tliat this weiglit shall 
be measureel at a point on the earth's surface 
wljere the accelei'ation due' to gravity is ex- 
actly 0 80065 meters A'-ec-. 

KILOGRAM METER. A unit of work in 

the gravitational ‘system dofiiieel as the work 
elonc in raising a mass of one kilogram 
through a distance of one meter against grav- 
ity. It eepials 08,066,500 ergs. 

KILOJOULE. One thousand joules. 

KILOLITER. One thousand liters. 

KILOMETER. One thousand meters. 

KILOWATT. A init of power — defined as 
1000 watt« — which ordinarily serves as the 
commercial measure for electrical pow'cr. 
Electrical power of one kilowatt used steadily 
for 0 hour involves an energy consumption 


of one kilowatt-hour. A kilowatt is equal to 
about 1.34 hp. 

KILOWATT HOUR. A commercial unit of 
energy equal to 1000 watthours or 3,600,000 
joules. 

KINEMATIC VISCOSITY. See viscosity, 
kinematic. 

KINEMATICAL RELATIVITY. Rolati\ity 
theory developed by Milne and based fun- 
daiiK'nially on the equivalence of observers 
wdu) are receding frmn each other with con- 
stant velocity. Thus related directly to the 
expanding universe, the Hubble law' being a 
I>ostiilatc of the theoiy. A IdTU'matic time t 
and a dynamic time t arc iiilroduccd, the age 
of the uni'\'('r'>e btang finite in AtiuK* and in- 
finite in T-time. On r-tirne, dimensions are 
constant, there is no (*X[)an-ion, bid atomic 
freiiuencies incieasi'. One criticism of Die 
theory is that the first and la<t of tlu'se are 
not consistent. 

KINEMATICS. The geoinetiy of^ abstract 
motion, w’itliout regard to foria's or bodies of 
matter. Two nspeets nc'i'd ‘special considera- 
tion: the motion of poiids and tlu' motion of 
rigid figures. Whatever syslian of ''])ace co- 
ordinates is found simj)lest may be used, and 
may be transformed from one system to an- 
olher as desired. 

The motion of a point is completely s])oci- 
fi(*d by giving each of its three rectangular 
coordinates (for example) as a function of the 
time; that is, \)y writing its ^‘equations of mo- 
tion^A 

= /i(0,' 

y=f2(0, ( 1 ) 

= Mt). 

In many cases (he inforinalion repre.-ented by 
these eipiations is suj^plied only indirectly in 
the statement of a problem. For example, an 
expression may be given for the component 
of the linear velocity or the linear accelera- 
tion, as a function of either the time or the 
distance. In such cases a differential equation 
is first obtained. Thus if it is specified that 
the A'-component of the acceleration is con- 
stant and equal to a, the differential equation 
is 

d^x 

le 


= a; 


(2) 
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Kinescope — "^Kinetic-theory” Elasticity of Liquid 


and the corresponding ecjuation of (uniformly 
accelerated) motion is its solution, 

T = 2^^^ + + 3*0, (3) 

in which the integration constants Xo, Vo, 
stand respectively for the initial di^tance 
(value of X when t -- 0) and the initial veloc- 
ity. By eliminating t from the equations of 
motion (1) three g(‘onietric ecpiations may 
be an’ived at, one in x, ?/, one in r, 2 , and one 
in y, Zj any two of which determine the path 
of the moving point in space 

In discussing the kinematics of rigid bodices, 
the motion of some point in the body may 
be specified by a set of ecpiations similar to 
(Ij, but one must also introduce a set of 
equations expre^^ing the orientation of the 
body relative to a s('t of coordinate axes hav- 
ing this point as an origin and undergoing 
translation without rotation. (See Euler 
angle; Rectilinear Motion of a Particle,) 

KINESCOPE. This is a cathode ray lube 

used as the ])ic(ure tube in a television re- 
ceiver. The signal rc'iae^enting the i)ictnre 
intensity is f(Ml to the grid of the electron gun 
so the inten^'ity of (he laaun varies- with the 
intensity of the original scene. This varialde 
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bcam is swept back and forth, up and down 
by deflecting voltages imprc'^sed on the de- 
flecting plates and synchronized with the 
scanning of the camera tube (see iconoscope 
and image dissector). Tlie beam of elec- 
trons then hits the fluoresct'iii end screen of 
the tube and reproduces the scene being tele- 
vised. (See picture tube.) 

KINESCOPE GUN. The electron gun for a 
kinescope or picture tube. 


KINETIC MOMENTUM. Kinetic momen- 
tum of a chaigcd particle in an eh'ctrumag- 
netic field A, (/>, the p - (c V)A, where 

p IS the momentum. Nam(‘ ari'^e-; from anal- 
ogy with the kuKdic ent'rgy TE— where 
ir is the total energy. 

KINETIC POTENTIAI.. See Lagrangian 
function. 

KINETIC REACTION. The product of mass 
and aeeeleration. 

KINETIC THEORY. A theory (proved ny 
direct ('xj)eriment ) vhicli explains the phe- 
nomena of heat as due to the kinetic motion 
and elastic colli.sions of atoms and molecules. 

“KINETIC-THEORY” ELASTICITY OF 
LIQUID. Jkart of the total elasticity of a 
liip.id can he thought of as the change in 
.stress, caused by a given deformation, aris- 
ing from incrca.sed interaction between mole- 
cules as a result of their thcnnal motion, 
distinct from change of stress due to distor- 
tion of the lattice structure. This first part 
is the “kinetic theory^* elasticity. 


Kinetics — Klein-Nishina Formula 
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KINETICS. (1) Tlic branch of physics wliich 
deals with the effect of forces or of torques 
upon the motions of material bodies. The 
basis of this subject, so far as the classical 
theory is concerned, consists in the Newton 
laws of dynamics, wliich may be extended to 
include the d'Alembert principle of kinetic 
equilibrium. The motions of a particle or of 
a rigid body m«ay be either ^‘fre('’^ or “con- 
strained'’; that is, it may be at liberty to 
move in any manncT in obedience to the ap- 
plied forces or torcpies, or tliere may be pres- 
ent mateiial barriers which limit its linear 
motion to a ecTtain patli or surface, or its ro- 
tation to a certain axis. (2) In chemistry, 
tlic study of time-dependence of chemical 
reactions. 

KIPP RELAY. A form of bistable multivi- 
brator or trigger circuit. 

KIRCHHOFF FORMULA FOR VAPOR 
PRESSURE. S(‘e vapor prc.ssure, Kirchhoff 
formula for. 

KIRCHHOFF LAWS OF NETWORKS. T^^ o 

laws relating to cU'ctric networks carrying 
steady currents TIk' general ease is that of 
n iioints or junctions, each one of wdii<*h is 
connected wdth each of tlie n — 1 remaining 
points by a conductor contjuning a source of 
eleetroinotivc force. Kirelilioff's hvo state- 
ments are as follows: 

(1) If conductors forming paii of a net- 
w'ork carrying a steady earreut meet at one 
point, the sum of the currents flowing toward 
the point is e(jual to the sum of thos(‘ flowing 
away from it; or llu' algebraic sum of all the 
currents in these conductors is zero. 

(2) Starting at any one of the junctions of 
such a network and following any sueees'^ioii 
of the conductors which form a closed path, 
around either w'ay to the starting point, tlie 
algebraic sum of the ])roducts formed by mul- 
tiplying the resistance of each conductor by 
the current through it is ecpial to the algebraic 
sum of the eleetroinotivc forces eneountered 
on the journey. (In this reckoning, we call 
all currents moving wdth us positive, and all 
electromotive forces tending to cause such 
currents positive ) 

Maxw’cll has si: "orth a general method of 
calculating the ouircnts and the relative po- 
tentials of ‘he junctions when the resi.stunces 
and electromotive forces in the several 
bra ' bee of a network are given. For a net- 


work of n points, this method involves the 
solution of 71 — 1 simultaneous, first-degree 
equations. The w’ork is often simplified, how- 
ever, by the circumstance that some of the 
conductors or some of the electromotive forces 
are absent. 

KIRCHHOFF RADIATION LAW. The ratio 
between the absorptivity and emissive power 
is the same for each kind of rays for all bodies 
at the same temperature, and is equal to the 
emissive i)Owcr of a black body at that same 
temperature. 

KIRKENDALL EFFECT. When markers 
are placed at the interface betwuu'ii an alloy 
((diZn) and a metal (Cii), and the wdiole 
heated to a temperaliire wlu're diffusion is 
})(Kssil)le, the inarktTs move towuirds the alloy 
region. This is exiilained by assuming that 
1h(* zinc diffuses more rapidly than ihe cop- 
jier, and thus diffuse‘s out of tlu’ alloy. Such 
a process is iinpossibh' if (he ddTu‘>ion is by 
direct exchange of atoms 

KIRKWOOD APPROXIMATION.^ An ap- 

})ro\iiiiation used iu tlu' kinetic tlicoiy of 
li(|uid.s. The forc'c on one moh'cule of a set 
of moloeuIe« is assunu'd to be tlie sum of tlie 
forces e\('rt('d, negh'eting m iurn all but one 
otlier molecule of tlie set. In this wuiy .an 
ecpiation may lie obtained for tlie radial dis- 
irilnilion function. 

KLEIN-GORDON EQUATION. Tlio equa- 
tion 



to d(‘scribe the motion of a spinless particle of 
chaige r, rest-mass m (for example, a meson) 
in an electromagnetic iield deserib(‘d by the 
potentials .1^. 


KLEIN-NISHINA FORMULA. (1) Expres- 
sion derived from the Dirac electron theory 
without radiative corrections for the differen- 
tial cross section for scattering by an electron 
at rest of a quantum wdth momentum ko to 
give a (luantum wdth momentum k in the ele- 
ment of solid angle dQ: 


d(t> = — dil 
4 


y Ao _ 

7 m , \k ko 


2 + 4 cos® 0 


) 


(© = angle between directions of polarization 
of k and ko). 
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Klein Paradox — Klystron Frequency Multiplier 


(2) The integral Klein-Nishina formula gives 
the total eross section for scattering, not being 
restricted to a solid angle. 

KLEIN PARADOX. Conseciuenco of the 
Dirac electron theory that a particle could 
penetrate a potential bai-ricr of greater than 
1 mev by making a transition from a positive 
energy state to a negative energy ^ta^e. The 
transition probability is small, however, un- 
less such a potential cluingc occurs over a 
distance of the order of the electron Compton 
wavelength. 

KLEIN-RYDBERG METHOD. For con- 
structing the potentifd energy curve of a di- 
atomic Tnoleoule (eg., H:*) point by point 
from obs('r\i‘(l vibrational and rotational 
levels without assuming an analytical expres- 
sion for the potential function. For an an- 
alytical formulation of this method, m*c A. 
1j. Ct Rees, Proc. Phi/.^. Sac., London, 59, lOOcS 
(1917). 

KLYSTRON. An electron tube of tlu^ veloe- 
ity-iiKxIulated typ(‘ us('d in ultra high fre- 
quency circuits. Ai thes(‘ extn'mely high 
frequencies (measured in terms ol some tens 
of thousands of megacycles) the conventional 
vaciuini tubes lu'Come uselos'«i Ix'causo of h'ad 
and i‘le( trode inductance and capacitance, and 
transit -lime effects, so a idi(ally (hlfcrenl 
a]i]iroach i^ necessary. Tlie klysti’on is one 
holution of the problem This vac-mm tube 
consists of a cathode, grid and | erforated 
anode some\\liat like tin' electron gun of the 
cathode ray tube (however, Ik re tlic electrodes 
arc grid-like structures rather than the cap 
with a Singh' hole) followed by two cavity 
resonators si'parated a caleulatcd distance aiul 
finally a collector. All electrodes ( ^ nt the 
eollccior liave grid-like surfaces so tnc elec- 
trons can })ass on through them. The beam 
of random-velocity electrons passing through 
the grid is accelerated by the positi\e poten- 
tial applied to ihe first resonant cavity stine- 
ture, causing this sti’ucture to serve as an 
anode. These electrons pass through the grids 
into the cavity which is called the buncher 
Here the standing waves in the cavity act on 
the electrons and cause them to change speed 
so they arrive at the vsccond cavity, called the 
catcher, in bunches (having passed out of the 
first into a field free space and then into the 
second through the grids in the sides of the 
cavities). Here the energy of the electrons is 


absorbed by the field and contributes to the 
useful output and normally supplies also the 
driving energy for the buncher. The electrons 
till'll (m to the collector and return to the 



Modulated two-ravity klystron oscillator 


cathode. By jiroper adjustment of the volt- 
ages' and spacings of the cavities the circuit 
may he made to oscillate or amplify as de- 
sired A circuit of a modulated two-cavity 
klv.'-tron o.scilhilor is shown. 

KLYSTRON, ADMITTANCE - COMPRES- 
SION FACTOR. The aiiproximate ratio in 
which the transadmittance of a two-cavity 
klystron is n'duecd from its small-signal value 
as tiu' bunching parameter is increased. 

KTASTRON AMPLIFIER (TWO-CAVITY). 
See klystron. 

KLYSTRON, CASCADE-AMPLIFIER. A 
klystron ^vliicli contain.*! thre^' resonant cavi- 
ties for iiK'i cased [)0\ver amplification and 
output. The third resonator lies bctwK'en the 
injiut and outj)id r(‘sona(ors and has no ex- 
ternal connect jon. It i' excited by the 
bunched beam lhal emerges from the input- 
resonator gap, and it produces further bunch- 
ing of the beam. 

KLYSTRON(S), DEPTH OF MODULA- 
TION IN. The ratio, which detenmnes the 
change of eleciron velocity in the input gap, 
(d the ju’oduct of the beam-coupling coefiBcient, 
multiplied by the alternating component of 
gap voltage in the first resonator, divided by 
the (l-c accelerating voltage between the 
cathode and the first gap. 

KLYSTRON FREQUENCY MULTIPLIER. 
A two-eavity klystron in which the output 
cavity, driven by the harmonic-rich beam 
current, is tuned to some derived multiple of 
the fundamental frequency. 




Klystron Oscillator — Klystron, Two-gap, Single-resonator 
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KLYSTRON OSCILLATOR. A klystron in 

which regenerative coupling between output 
cavities causes sustained oscillations. 

KLYSTRON, REFI.EX. A single-cavity 
klystron. As in the tvvo-cavity klystron, elec- 
trons arc aoceleratofl in the direct field be- 
tween the cathode and the cavity resonator. 
After passing through the cavity resonator, 
where they arc given changes in velocity, they 
are brought to rest and returned to the cavity 



Type 2K29 Fig lO-nn ipflex klystron (Courtesv Bell 
Teclimcal Joiiinal) 


by means of a negative electrode called the 
repelh'r. Those electrons which make this 
first transit through the cavity during the 
half of the cycle in which they are accelerated 
by the alternating field emerge with increas(‘d 
velocity. Those which make tlieir first transit 
during the following half-cycle are retarded, 
and emerge with « ecrcased velocity. The 
electrons ^dth the nigher velocities approach 
closer to lie rcpellcr than those with the 
smaller velocities, and hence take a longer 
tim^ 'o return to the resonator. Since they 


left earlier, however, they may arrive at about 
the same time as those with smaller velocities. 
By proper adjustment of tlie rcpcller voltage 
relative to accelerating voltage, tlie electrons 
can be made to return to the resonator in 
bunches at an instant in the cycle of alternat- 
ing resonator field such that they are retarded 
by the resonator field They therefore de- 
liver energy to the cavity rc'^onator. If the 
power delivered to the resonator exceeds the 
losses in the resonator and circuits coupled 
to it, sustained oscillations may take place. 

KLYSTRON REPELLER. The negative elec- 
tiode in a reflex klystron (see klystron, reflex) 
which forces the electron beam to past> through 
the resonator a second time. 

KLYSTRON, TWO-CAVITY. A klystron 

ha\mg two resonant cavities. 

KLYSTRON, TWO-CAVITY, APPLEGATE 
DIAGRAM FOR. See Applegate diagram 
(two-cavity klystrons). 

KLYSTRON, TWO GAP, SINGLE RESONA- 
TOR. A klystron, useful as an oscillator, 
\vhi(h has one n'sonalor insicad of two in 
ord(T to simplify the tuning procedure 
Wheie the two-gap resonator thown below is 



fb) 

Two-gap klystron resonator (By permission from 
“Mim)wa\e Theory and Tcclmiques” by Reich et al., 
Copyiight 1953, D. Van Nostrand Co., Inc.) 
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Knocked-on-atom — Kopp Law 


in resonance, in the indicated mode, the gap 
voltages are in phase and the transit angle 
must be n + ^ where n is any integer. 

KNOCKED-ON-ATOM. An atom of a solid 
w'hich recoils after collision with an energetic 
particle such as a neutron, fission fragment, 
ion or atom moving tlirougli the solid. The 
knocked-on-atom may he displaced from iks 
lattice position and may possess sufficient 
energy to displace other atoms. 

KNUDSEN ABSOLUTE MANOMETER. 

Instrument for absohiie measurennuit of very 
low pressures up to about 5 dyne cm “2, At 
higher prc.ssurcs, the niancMueter is not abso- 
lute, hut must bo calibrated against some 
other absolute iiiNtrument. The principh* of 
operation is to nK'asure the repulsion exerted 
between two plates a short distance apart in 
the gas, wlien a small t(‘inperature difference 
is maintainerl betweem them. 

KNUDSEN COSINE LAW. I< can be si i own 
from kinetic theory that for a gas at rest at 
a uniform temperature, the number of mole- 
cules striking or leaving an arc'a of the 
wall in a solid angle dio making an angle 0 
with tlu‘ normal given by 

dS 

- - nr eos 
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where n is tlie number of molecules per env'*, 
and c the mean velocity. Idiis is kno^^’n as the 
cosine law. Knudsen assumes that it holds for 
each molecule individually, that the direction 
of a molecule on leaving the wall is independent 
of its direction before striking, and that the 
law gives the probability of a molecule leaving 
the wall in a given direction. The taws are 
[)robably true for irregular surfaces, but do not 
hold in such cases as that of the difTraelion of 
molecules from cr3"stal lattices, whicli have a 
regular arrangement. 

KNUDSEN FLOW. (Also known as free 
molecule diffusion). Flow of a gas through 
a long tube at pressures such that the mean 
free path is much greater than the tube radius. 

KNUDSEN FORMULA FOR GAS FLOW. 

The formula for the quantity of gas passing 
any point (along a tube) per second in terras 
of the pressure gradient along the tube, the 


diameter, and the density of the gas at imit 
pressure and at the prevailing temperature is; 

, c?®(p, - P 2 ) 



where d is the internal diameter of the tube, 
(Pi — P2)// the pressure gradient, and p the 
density at unit pressure and the prevailing 
tcmp(*rature. 

KNUDSEN METHOD FOR VAPOR PRES- 
SURE OF METALS. The method consists in 
measuring the rate of effusion of the vapor 
through a small aperture. The metal is con- 
tained in a silica pot with an aperture of 
knowm dimensions, and kc])t at an ac(‘iirately- 
eonslant temperalure. The silica pot is at 
the bottrun of a long tube wdiieh is highly 
evacuated, and the vapor molecules stream 
through the a))crture, condensing on the cool 
up})er })arts of the lube. From the rate of 
loss of w'eight (he vapor pressure can bo cal- 
culated. Vapor pressures of the order of 10 
mm of meuTUiy have' been measured in this 
way. 

KOCH RESISTANCE. The resistance pro- 
duced by an illuminated, vacuum phototube. 

KOHLRAUSCH, LAW OF. The conduc- 
tivity of a neutral .-alt in dilute* solution is 
the Slim of two values, one of wiiich depends 
upon the cation, the other uihui the anion. In 
other words, (*ach ion contributes a definite 
amount to the total eoiiductanee of the elec- 
trolyte. independent of the natuT'e of the other 
ion. 

KONEL METAL. An alloy of nickel, cobalt, 
iron, and titanium frcquemily employed ar the 
base maierial for an indireetly-lieated cath- 
ode. 

KONOWALOFF RULE. An empirical con- 
chision reached i)y Konowaloff independently 
of the fundamental theoretical deductions of 
physical (‘hemistry. It states that the vapor 
over a liquid system is relatively richer in the 
component w’hose addition to the liquid mix- 
ture results in an increase of the total vapor 
pressure. 

KOPP LAW. The molar heat of a solid com- 
pound is equal approximately to the sura of 
the atomic heats of its constituents. 




Kossel-Sommerfeld Displacement Law — Kurie Plot 
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KOSSEL-SOMMERFELD DISPLACEMENT 
LAW. The arc spectrum (normal atom spec- 
trum) of an element is similar, especially as 
regards multiplet sti*ucturc, to first sj)ark 
spectrum (singly-ionized atom spectrum) of 
the element one place higher in tlio periodic 
table, to the second spark spectrum (doubly- 
ionized atom spectrum) of the element two 
places higher, etc. 

KOSTINSKY EFFECT. A plioiographic ef- 
fect (liscovcMcd by (lie Russian, Ko&tinsky 
(1900). It \\as found iliat if two anais of 
high density, e.g , star imai^c's, are <-]()se to- 
gether, tlie restraining hy-jiroducts formed in 
tlie process of develoiinient retard (he dcwelop- 
ment of the adjacent portions ot the images 
so that the distance s(*parating tlie two images 
is greater than is actually tlic' case. 

KOVAR. An alloy of nickel, cobalt and iron 
used extensively for nietal-to-glasv, seals, be- 
cause its temperature eoc'fficient of expansion 
matches that of many tyjies of glass over wide 
temperature ranges. 

KRAMERS-KRONIG DISPERSION FOR- 
MULA. Relation lietween th(‘ real and imag- 
inary' parts ot th(‘ refractive index of electro- 
magnetic waves in ijassing (hroiieh matter, 
arising from the fact (hat a signal cannot l)(‘ 
projiagated with a \elocity ginaitcr than that 
of light in raruo. 

KROMAYER LAMP. Sec lamp, Kromayer. 

KRONECKER DELTA. A discontinuous 

factor, usually dc'-ignated by 5,,, which is 
taken to be unily when i =j and otlierwise 
zero It is a mixed tensor of second rank. 

KRONIG PENNEY MODEL. A one-dimen- 
sional periodic ])otential for whicli the ^\ave 
equation may Ix' solved exactly, and sliow^ 
band structure, thus providing a mathemat- 
ical model in whicli c(Ttain pro]:)(M’tit‘s of 
metals may be verified by rigorous calcula- 
tions. 


KRYPTON. Gaseous clement. Symbol Kr. 
Atomic number 30. 

KUNDT CONSTANT. The Verdet constant 
divided by the magnetic susceptibility. In 
the case of ferromagnetic suh^tanccs liaving 
variable susceptibility, the Verdet factor is 
not constant, but is proportional to the .sus- 
ceptibility. For such sub'-tances the Kundt 
factor has a constant value. 

KUNDT EFFECT. The rotation of tlie plane 
of polarized light by certain liciiiids and gases 
vvlien they are plat^'d in a magnetic field. 

KUNDT METHOD. A nu'tliod of measuring 
the velocity of sound by means of longitudinal 
vibrations set up in a metal rod jilaeed so as 
to develop stationary waves in air or otlier 
gas within a glass tube. A light jiowder, 
spK'ad over the interioi* of th(‘ tube, is liim])ixj 
togetlier at the nodal points. 

KUNDT RULE. When th(‘ refractive index 

of a solution increases, Ix'cnu^e of changes in 
composition or oilier causes, its optical absorp- 
tion bands arc (Usjilaccd tow aid tlu‘ red. 

KUNDT TUBE. A glass iulio used in the 
Kundt /iicthod for the velocity of sound. 

KURIE PLOT. A graph of the 3 -particle 
spectrum in which the Fermi probability 
ecpiation is rearranged in the form: 

Ai\ /V^ = - (H + I) 

where N is (he mimher of /^-paidieles of mo- 
mentum (or energy) lying wuthin a certain 
narrow rang(‘, / is a complex function of the 
corrcsponfliiig /^-jiarticle energy E as worked 
out by Fermi, and K and C are constants. 
The plot of (A7/)^/^ against {E + 1) ^ often 
called a Kune ]ilot, K generally a straight Inn* 
for allow <*d transitions and some forbidden 
transitions, in other words, the equation holds; 
and is used in determining the character of 
the yS- transition and the maximum energy. 
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I.. (1) Relative heat eonstant (L). (2) 

Ivatent hejit per unit ma^s {1). (3) lA'vorota- 

tory (/-). (4) Length (I or L). (3) Rest 

leni^th (/o). (0) Lorentz unit {L), (7) Miller 
index (/i, k, /). (S) Direetion co'^ino (/, nuv) 

(0) Free patli or mean free palli (/ or A) (10) 
Tait free path Hr or Ar). (11) Len^tli of heat 
flow path {L or 1). (12) Lap:raime function 

(J.). (13) Inductance (L). (14) IMiitual 

inductance (Llo). (15) Azimuthal or orbital 
(luantiim number ((|uaiitized orbital angular 
rnouK'ntum of electron) (I). (10) Total azi- 

muthal or orbital (luanlum number (sum or 
resultant oibital aiij^ular momentum of two 
or more (‘lectron.s) (L). (17) Kinetic poten- 

tial (/v). (IX) In spec! roscoj)y, shaded or 
disyilaced to lonoier waves (/). 

L ANTENNA. A sinfrle-vire horizontal an- 
tenna, fed from one end, Kiviiiii; it an L-shai)ed 
a])pearance 

L-CAPTURE. See r^-oleclron capture. 

L-ELECTRON. An eleetr u hivinjz; nii mbit 
of sucli dimensions tlial lhf‘ ek'clrou cmisti- 
tutes ]jart of the second sh(‘l] of (‘l('^*trons sur- 
rounding the atomic nucleus, coiuuin^ out 
from the nucleus; orbitals in tin* li-'^hell are 
characterized by the principal quantum num- 
ber value of 2 (ic., the L-shell follows the 
K-, or innermost, shell). 

L-ELECTRON CAPTURE. Electron capture 

from llie L-shell by the atoime nneli * 

L-LINE. One of the hues in tlie Ti-senes of 
x-rays, which are eharaeteri‘'tic of the various 
elements, and are jirodueed by excitation of 
the electrons of tlie L-shell. 

L/M RATIO. The ratio of the number of 
internal conversion electrons from the L-shcll 
to the number from the M-shell, emitted in 
the de-exeiiation of a nucleus (See K/L 

ratio.) 

L NETWORK. Sec neb^ork, L. 

L-RADIATION. One of a series of x-rays 
characteristic of each element, that is emitted 


when that clement, commonly as the metal, 
is used as an anti-cathode in an x-ray tube, 
and the electron' of its L-shell are excited. 

“L-RING.” See magnetron, tuneable, metli- 
ods of tuning. 

L SECTION. An eliMucntary section of a 
network siicli a^ a filler, \\h(‘re the components 
are connected in the form of an L, i.e., one 
component in series wdh oik' vide, and the 
oilier in shunt aeioss the two sifles of the eir- 
emt. 

14-SHELL. The second layer of electrons 
al)Out the nucleus of an atom, the first or 
liinermo-'t being the K-shcll, which consists 
of two electrons in the case of all elements, 
('\ecj)t hydrogen. The L-f-hell contains eight 
(leetrons m (lie ease of neon (atomic num- 
b(‘r 10) and of all elcmeuts of atomic num- 
ber ureater than ton. The T.4-shpll is started 
\Mlh liTliium (atomu‘ number -- 3), which has 
an l.-^hell containing one electron, and the 
L-^hell of each atom of successively increas- 
ing atomic number has one more additional 
electron until iK’oii, (‘Oiilaining X electrons in 
its T.-shelh is reached, at which point the 
li-sheli is complete. 

l.-SYSTE\I AND C-SYSTEM. In analyzing 
collision processes, it is con\eiiient to use two 
Iramcs of reference Tn one, the L-system, 
the coordinate system L assumed to be fixed 
in the laboratory, or with n'speet to the ob- 
horver. In the otlicr, the C-system, the eo- 
or<iinate system is assumed to be fixed with 
resiieet to the center of mass of the colliding 
jiarticles. 

LABELED COMPOUND. A compound con- 
sisting, in part, of labeled molecules. By ob- 
servations of radioactivity or isotopic coni- 
jiosition this compound or its fragments may 
be followed through physical, chemical, or bio- 
logical processes. 

LABILE OSCILLATOR. A local oscillator 

whose frequency is controlled from a remote 
location. 



Laboratory System — Lagrange Formula for Interpolation 
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LABORATORY SYSTEM. A frame of refer- 
ence attached to the observer’s laboratory 
and thus usually at rest relative to the surface 
of the earth. (See also L-system and,C-sys- 
tem.) 

LABY AND HERCUS METHOD FOR ME- 
CHANICAL EQUIVALENT OF HEAT. A 

continuous-flow method similar to that of 
Reynolds and Moorby, m which an electro- 
magnetic brake instead of a hydraulic brake 
is used The method allows vci-y Ingli ac- 
curacy. 


LAGRANGE DENSITY. Integrand L of an 
integral which is such that the conditions that 
it should be an extreme are the equations of 
motion of a dynamical system of fields. L is 
a function of the fields, their time and space 
derivatives, and the coordinates and time 

LAGRANGE EQUATIONS (SOMETIMES 
CALT.ED EULER - LAGRANGE EQUA- 
TIONS). A set of equations of motion for a 
dynamical system. In tlie case where the 
syst(‘m is conservative the equation of motion 
for the lih ])article is written: 


LABYRINTH BAFFLE. An acoustic device 
consisting of long air-chamber*^ designed to 
absorb without reflection the energy radiated 
from the rear surface of the loudspeaker cone 

LADD-FRANKLIN THEORY. This theory 
of vision assumes that in the nuls and cones 
of the retina exist types of molecules which 
arc affected and modified hy the action of 
light. 

LADDER NETWORK, See network, ladder. 

LADENBURG, LAW OF. The speed of a 
photoelectron is jiropoilional to the scpiare 
root of the excitation voltage. Valid only 
W'lien the speed is small eompaied with that 
of light. 


d dL OL 
dt dqi dq^ 

w'here L is the Lagrangian function or kinetic 
potential; q^ is the generalized coordinate of /1h 
particle (? — 1 , 2 , . 3 , ••• n, wliere n is the 
number of degrees of freedom eff the system ) ; 
q, is the geiKTalized velocity of lih particle 
These equations have the advantage ovia 
Newton’s eijualions that any kind of coordi- 
nates may he used. (See coordinates and 
momenta, generalized.) • 

For non-eonservative systems a s(*t of eipia- 
tions can Ix' written: 

. d OK OK 

= Q^ 

ill Oq^ 0 ( 1 ^ 


LAG, ANGLE OF. AN'lnm two rel ited quan- 
tities, such as an alternating \oltage and 
an alternating current, vary sinusoidally with 
time and liave the same frequency, they may 
be expressed as 

Qi = A I (u)/ + </)) 

- « i.ti 

where A, B, and w are constants. It is then 
said that Q2 lags (behind) and <t> is knowm 
as the angle of lag if it is positive. If is nega- 
tive its magnitude is the angle of h'ad and Q2 
is said to lead Qi. 


LAGRANGE BRACKET. Lagrange bracket, 
of two dynamical variables Xjy of a classical 
dynamical system with generalized coordi- 
nates (7 a, generalized momenta is given 


* \ fix dij dy dx ) 

(See coordinates and momenta, generalized.) 


where Qi is the generalized force such thal 
Qihq, repiestmls work done by Qi wlion the 
coordinate q^ changes by 67,; K is the kinetic 
energy of the system. 

LAGRANGE FIELD EQUATIONS. The 

equations, for any field (/x = 1 ••• 4 , 

0*4 - constant times the tune) 



wliere L is the Lagrange density, assumed 
here not to involve derivatives higher than 
the first of the fields with respect to the co- 
ordinates and time. 

LAGRANGE FORMULA FOR INTERPO- 
LATION. Used when (71 -|- 1 ) pairs of values 
are givim for y ~ fix) ^ but not necessarily at 
equally-spaced increments of a: or y. Let the 
given number pairs be (Ti,t/i), •••, 

(x„,yn)- Then for any desired value of x 
wdthin this interval 
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Lagrangian Function or Kinetic Potential — Lambda 


_ (x — Xi)(t - X 2 ) (x - Xn) 

(J'o - J‘i)(j’o - 3-2) • • ■ (jo - rn) 

(x - Xo)(x - X 2 ) ■ ■ ■ (x - x„) 

_ 

(xi - Xo)(xi - X 2 ) ■ ■ ■ (ri - x„) 

(x - To)(x - /j) ■ • • (,r - Xr,-l) 

-j- • • • IJn.' 

(^n - *■ ^*1) • * ■ “ ^n-l) ‘ 

Because of the synmietry in the result, x and y 
may be interchanged so that inverse interpo- 
lation may be efTccted. 

LAGRANCtAN FUNCTION OR KINETIC 
POTENTIAL. The difference between the 
kinetic energy and potential energy of a dy- 
namic system. Tt is generally ‘-ymiiolized 
by L 

LACRANCE - HELMHOLTZ EQUATION. 
See Hclmlioll/ equation. 

LAGRANGE IDENTITY. See adjoint equa- 
tion. 

LAGRANGE MULTIPlJER. A method of 
soKing isoperimelric problems in the calculus 
of variations. Siii»|)o^e u — /(Ti, .n, .r„) 

and lliat w ' n ace("'SOiy conditions 

• • • , .rj = 0; f/)o -();•••;</)„ 0 are also 

gi\(m U'^e m constants, called the IjU- 
grange multipliers, and lorin the equation 

y — / + • • • -f Lnt4>m‘ 

If the ri ik'rivalive*^ are recpiiied t vanish 
dF/dxx - 0 ; dF/dx^ - 0 ; • • • * OF/dXn - 0 

these lelatums, togeth(-r ^^itll the in condition‘d 
c/)i 0, make it jiossible to determine the 
(in + ?/) variables so that an extremal or sta- 
tionary value of u results. 

LAGRANGE THEOREM. For a single re- 
fracting surface of sufficienlly small aperture, 
the Abbe sine condition reduces to 

nyO - n'i/6' 

which is known as the Lagrange theorem; 
sometimes called the Srnith-TIelmhollz law. 

LAGUERRE DIFFERENTIAL EQUATION. 

The linear equation 

0*7/" -h (1 - x)y' + ny = 0 

having a simple pole at the origin. Its solu- 
tions are the Laguerre polynomials. Differ- 


entiation of the equation k times and replace- 
ment of the Ath derivativ^e by // gives 

+ (/c + 1 - x)y' + (n -* k)y = 0 

» 

which is the associated Laguerre equation 
with solutions as associated Laguerre poly- 
nomials. These functions occur in the quan- 
tum mechanical iirohlem of the hydrogen 
atom 

LAGUERRE POLYNOMIAL. A solution of 
the Laguerre differential equation. The as- 
sociated polynomials may be defined by the 
equivalent ex])ressions 

i^r ^ (F 

i_() \ri — I / i\ 

The ‘'pecial case of fc ^ 0 gives the Laguerre 
polynomials 



Both kinds may also be exjiressed in terms 
of (he Gauss hypergeometric scries and by 
generating fund ions. They are also related 
to th(‘ Herrnite polynomials and the Bessel 
functions. 

LAMB-RETHERFORD SHIFT. See Lamb 
shift. 

LAMB SHIFT. The dis]>laceinent between 
the 2.S,^ and 2P levels of hydrogen, which 
in the absence of radiative corrections would 
be zero due to tl e Coulomb degeneracy. Ex- 
perimental value obtainc'd by Lamb and 
Retherford 

= 10fi7.8 db 0.1 megacycles 

in agreement with theoretical value. Of this, 
-27 me arises from vacuum polarization, the 
rest iiom self -energy corrections. The term 
IS now used to indicate the displacement of 
any bound state level due to radiative correc- 
tions. 

LAMBDA. (1) Free path 01 mean free path 
i\ or /) (2) Tait free path (At or Ir) (3) 

Latent heat of ev^aporation (A or L). (4) 

Eiiuivahmt conductivity (A). (5j Microliter 

(A), (fi) Wav^elength (A). (7) Linear charge 
density (A). (8) Nuclear dissociation energy 
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(A), (9) Mass per unit length (X). (10) Dis- 
integration or decay constant (X). (11) Level 
width (A). (12) Absolute value of the pro- 

jection of tlic resultant orbital anguhi;* mo- 
mentum on the molecular axis fllund^s cases 
a and h) (A). (13) Absolute value of the 

component of the orbital angular momentum 
of a single electron parallel to the molecular 
axis (X). 

LAMBDA LIMITING PROCESS. Method 
of defining a point electron as the limiting case 
in which a time-like vector X^ tends to zero. 
Thus the field at the space-time coordinate 
Xfi of the electron is 

Lt + \) with < 0. 

LAMBDA POINT (X POINT). (1 ) The tem- 
j)eraturc at which the transition of helium I to 
lielium 11 takes place Under orthobaric con- 
ditions, liquid helium undergoes this change 
at 2.19°K; but the temperature at which this 
change occurs decreases with increasing cx- 
t<‘rnal pressure. (See also helium, liquid.) 
(2) The temperature at whicli ihc specific 
heat of a substance reaches a sharp maximum 
and then drops suddenly with increasing tem- 
perature. Such X-points are characteristic of 
many second-order phase changes, mieh as 
those which take place in order-disorder tran- 
sitions and at the Curie point of ferromag- 
netic or ferroelectric materials. 

LAMBERT. A unit of luminance ecpial to 
I/tt candle per square centimeter, and, there- 
fore, e(|ual to the unifoiin luminance of a 
perfectly diffu'^ing surface emitting or reflect- 
ing light at the rate of one lumen per square 
centimeter. 

LAMBERT COSINE LAW. The intensity 

from a surface element of a perfectly diffuse 
radiator is proportional to the cosine of the 
angle between the direction of emission and 
the normal to the surface. An element of a 
surface which obeys this law will appear 
equally bright when observed from any di- 
rection. 

LAMBERT LAW. See Bouguer law and 
Beer law. 

LAMP. In its derivation, this term denoted 
a device for producing light by combustion; 
its annlication has been extended to cover a 


wide range of devices for giving light and/or 
other radiant energy. 

LAMP, ARC. A source of light consisting 
essentially of electrodes between which an 
electric arc is maintained. 

LAMP, ELECTRIC. The principal electric 
lamps are the arc lamp, vapor lamp, the in- 
candescent resistance lamp and the fluorescent 
lamp. The common vapor lamps in use now 
arc the mercury-vapor, giving a bluish-green 
liglit, and the sodium lamp, giving a yellow 
or orange light. Other gases are used for 
special purpose lamps such as adverlising dis- 
iflays where a wider range of colors is desir- 
able. 

In the ordinary incandescent lain]), li;ht is 
emitled from a liigbly heated resistance wire 
having a high melting point so thal it may re- 
main in a state of ineande'^cence many lunirs 
without fusing or breaking Tin* resi‘-tor, or 
filament, is hernudieally sealed in a class 
bulb, which is evacuated, or which is filled 
with inert gas, such as nitrogen. Myst mod- 
ern incanflesc(’rit lamps have filaments of 
diawn tungsten wire 

The most recent developiiK'iit in tin' lamp 
fi('ld is tne fluorescent lamp which is a ty|)e 
of vapor lamp, but converts the radiation from 
the ionized \a])or into a more usable tyj)e })y 
means of a fluorescent coating on the inside 
of the lani]). These lamps are tubular in form, 
contain a filament-type electrode at each en<i, 
luue the inner wall of the tube coatetl with 
some phosphor (a material which will fluoresce 
under ultra-violet excitation) and are filled 
with mercury vapor at low pressure. The dis- 
charge is rich in ultra-violet radiation which 
excitns a visible radiation in the fluorescent 
coating of the tube. The ballast limits the 
current to a safe value since the discharge is 
not inherently self-limiting. The color of the 
light may be controlled by the typo phosphor 
used for coating the lamp. The efficiency is 
much liigher than incandescent lamps, for 
example, a 40-watt fluorescent lamp will pro- 
duce about the same number of lumens as a 
150-watt incandescent lamp. The better con- 
trol of color of light and the better efficiency 
are causing a widespread change-over to this 
type lighting in many applications. 

LAMP, FILAMENT. A device for producing 
light by an electrically-heated wire in a glass 
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bulb that has been evacuated, or partially 
filled with an inert gas. 

LAMP, GLOBAR. See globar. 

LAMP, HARCOURT. A standard of in- 
tensity of illumination, which produces light 
by the coinlnistion of pentane. 

I..AMP, KROMAYER. A mercury vapor lamp, 
used as a source of ultraviolet radiation. 

LAMP, MERCURY VAPOR. A lamp con- 
taining mercury in a previously-evacuated 
bulb or tub('. The mercuiy-vapor conducts 
electi’icity l)elween the electrodes, and yields 
\ bliu*-gre('i) light, rich in ultraviolet and near 
iniran'd, wf'W as visible radial ion. 

The nu'rcuiy vapor may also be exciled to 
ra<liation in an ele.'drodeless tnlx' iiy a high 
frecpieiify current in a coil surrounding the 
tube. By Using mercury 19<S (TTg‘^‘^) obtained 
fi’om atc)nuc piles, m tlu' tube, sjiectral lines 
are obtaiiu'd \vhi(‘h are superior to tliosc of 
ca<liiiium as wavehaiglh standards. 

1.AMP, NERNST (NERNST GLOWER). An 

('leclnc lam]) whose luminosity proceeds from 
a shori sleiuh'r rod of c(‘ramic material, largely 
zirconium o\id(‘, heated })v an electric current. 
Tlie laiiij) must be separatedy healed to dart, 
si;jC(' at I’oom t(‘m})eratui e the material is ('S- 
^entiall\' an insulator 1'iie lamp has a nega- 
tive temiH’ralure 'coefficient of resistance and 
henc(‘ the current should be coiit oiled by a 
ballast r('sistanc('. 'rh(' lamp dots not need 
to be encl()s('d, lieiua is frequently used as 
a light source for infrared spectrometers, 
theix'by a\'()i(ling tlie absorj^lion losses of any 
enclosing glass bull). (See also globar.) 

LAMP, QUARTZ. A lain]) liavin. (|uai‘iz 
bulb to transmit ult lan ioU't raflialioii; such 
lamps ar(‘ comnionlv of the mciTury-va])or 
ty|)('. or of other light -source rich in ultra- 
violet radiation. 

lAMP, SPECTRUM. A lamp giving a non- 
luminoiis flame, used in the specti’oscopic 
examination of radiation from solids, liquids, 
or solid ion.s introduced into the flame, 

LAND. The surface between adjacent grooves 
of a {ihonograph record or of a diffraction 
grating. The tenn also afiplies to the high 
spots in an incompletely ground or polished 
optical surface. 


LAND BREEZE. At night air in contact 
with land cools faster than that in contact 
with water. When sufficient difference in 
tempe,raturo arises between the land and the 
sea air, there syirings up a breeze flowing off- 
shore from cold land onto warm water. This 
wind is known as the land breeze. Its basic 
caii'-e lies in the fact that constant pressure 
and density surfaces intersect and form a 
solenoidal field ; the resulting circulation tends 
to bring the density surfaces parallel with the 
pressure surfaces. 

LANDAU DIAMAGNETISM. See diamag- 
netic susceptibility of conduction elections. 

LANDE r-PERMANENCE RULE (SPEC- 
TROSCOPY). a given multif)lot spectral 
term, 1 e., given >S and />, or given and 
the sum of all the f\ factors for terms with 
the same magnetic (juantum number M is a 
constant iruhqiendent of the field strength, 
'riio r factor is defined for an electron by 
the exjiression: 

r = aV^ '{f+ 1 ) cos (Is) 

= I ULi + 1) - /(? + 1) - 4^ + D) 

where /, .s and j .‘u'o vectors and a is a constant 
for the given multiplcL 

For any doublet level, the wave number is 
given by the expres'^iori: 

V = Vo — r. 

where Vo is the value for the center of gravity 
of file dou])I(d;. 

LANDE SPLITTING FACTOR (SPEC- 
TROSCOPY). A (|iunitity (ry) which appears 
in the formula tor t^^e '’hange in energv in a 
magnetic field for a le\el of quantum number 
/, whicli tak('s the form: 

A/i’ = Mhijcr 

where A A" is tlic change in energy M = J , 
./ — I, • • • —7, h is the Planck constant and 
o -= elf/lirmCj where c is the electronic charge 
in esu, JI is the field intensity, vi is the mag- 
T.etic quantum number, and c is the speed of 
light. 

Lande deduced for g in a "'weak’" field, and 
\\\fh LS-cuupling the empirical relation, 

__ ^ 7(7 + 1) + S{S + 1) - L(L + 1) 

^ 2J(J + 1) 
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LANDING BEACON. A radio transmitter 
used to generate a landing beam. 

LANDING BEAM. A radio beam, highly 
directional in both elevation and azimuth, 
used to guide aircraft 1o safe landings during 
poor visibility conditions. 

LANDOLT BAND. A dark band sometimes 
appearing in the field of crossed nicols with 
an intense source such as the sun; due to the 
light being not strictly parallel. 

LANDSBERGER METHOD. Sec boiling 
point, methods of determining elevation of. 

LANGEVIN FORMULA. The Weiss theory 
of ferromagnetism yields an expression, for 
the quotient of the average component of 
atomic magnetic moment, paralhd to the field, 
by tlie atomic moment, 

Mi fJLAH kT 

— = ctnh 

fiA kT M 1 

For n\If « kl\ as it is in paramagnetic mate- 
rials, the atomic susceptibility is 

Aojui 


where zVo the mnnber of atoms per gram- 
atom. (See also Langevin theory of diamag- 
netism.) 


LANGEVIN THEORY OF DIAMAGNET- 
ISM. T.angovin considered the orbital motion 
of an electron in a atom to be an equivalent 
current loop. A[)plieat ion of a magnetic field 
induces an einf in the orbit, speeding up the 
ele(‘tron and increasing the inagnt'lie moment 
of the current looj) by the amount 

‘2tj 2 
ill r 


which implies a susceptibility per atom of 
— /ime^ or Ao times as much per gram- 
atomic weight. Averaging over all orbital 
radii and orientations, the atomic suscepti- 
bility becomes 


X I 




(►^ec al.so Langevin formula.) 


LANGMUIR ADSORPTION ISOTHERM. 

The relation between the amount of gas ad- 
sorb(‘d in a unimoleeular layer by a definite 
mass of adsorbent, and the pressure. One 
form of tliis relationship is the following: 



1 + 


where B is the fnietion of the surface eovererl 
by adsorbed gas, h is a constant, p the gas 
pressure. This eciualion is commonly known 
as the I/ingmiiir isotherm. It can lie obtained 
in lh(‘ form: 


p ^ . J, . , ^ 

X/m A'lX'a As 

ill which X is the amount of gas absorb'd, rn 
is the mass of adsorbent, p is the gas pressure, 
and /vi and K^, are constants. As is e\ ideiit 

V 

from tlie relationship, by the jilollii’g of 

X/m 

against p, a straight line should Ix' obtained 

LANGMUIR DARK SPACE. The djwk spae(' 
surrounding a negative eli'ctj’ode, positioned 
in the positive column of a glow discharge. 

LANGMUIR METHOD FOR THE R\TE 
OF VAPORIZATION OF METALS. Lang- 
muir used a dynamical method based on the 
measurement of tlu' rale of loss of weight of 
a metal wire heated in a vaeuuin The wdu' 
wais contained in a bulb, and wais healed by 
an eb'ctnc current, tlie temperatnn' lieing 
measured optically. At the low^ pressures 
used m the experiments, (he mean free path 
ot the molecules w^as long compared with the 
size of the bulb, and consequently all the 
molecules lea^dng the wire struck the w^alls, 
to which they adhered, since the temperature 
of the walls was comparatively low\ lii these 
conditions it can be showm from kinetic theory 
that the maximum rate of evaporation /x in 
grams per unit area per second is given by 

^ = pVM/2irJ{T, 

wdu’re M is the molecular weight of the vapor, 
7? the g!is constant, T the absolute tempera- 
ture, and p is the vapor pressure when the 
metal is in equilibrium with its vapor. 

Langmuir assumed that the actual rate of 
evaporation was given by this expression, i.e., 
that the coefficient of condensation was unity. 
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Later work appears to show that this view 
was not justified. 

LANIER EFFECT. A photographic effect 
ob.scr\ed by A. Lanier (189(3) involving ac- 
eeleraiion of development by the addition of 
])otassium iodide to the developer, or by bath- 
ing the plate or film in a solution of potasMum 
iodide before development. The (‘ffect is more 
marked with developers of low reduction po- 
tential, particularly hydroquinone, and is 
hardly apparent with developer^ of high re- 
duction j)otential. 

LANGUAGE. A set of symbols, with rules 
for the combination of these symbols, which 
’ufiy be u^ed to express information, such that 
the sum of tlie number of symbols and the 
nuinbei of rule's is much sinalh^ than the 
number of distinct expressible meanings. 

T.ANTIIANIDE CONTRACTION. The de- 

ci'ea^ing seepience of crystal radii of the tri- 
y)OMtive rare-earth ions with increasing atomic 
mimlx'r in tlu* grou]) lanthanum thiough lu- 
tecium (i.e , in elements of atomic numbers 
from 57 through 71, tlie so-called lanthanide 
series ) . 

T.ANTIIANIDE SERIES. The rare earth 
eh'uients of atomic numher 57 through 71, 
\\hicli have ehemieal properties similar to 
lanthanum (numher 57) 

LANTHANUM. Rare earth metallie ele- 
ment. Symbol Tja. Atomic numl r 57. 

LAP (OPTICAL). (11 A di4v, commonly of 
cast iron, mounted to rotate on an axis nor- 
mal to tlie face of the disk. The face may he 
either flat or curved Us('d to giind optics 
prior to polishing. (2) Tlu' process of grir d- 
ing optics prior to fiolishing. Goi i 'only o])- 
tics are ground to approximate sliape l>y us(* 
of a loose abrasive and water. Carborundum 
(silicon carbide) and eorundum or emery 
(alumiiiiiin oxide) of different particle size 
are the conventional lapjiing-compounds. 
Lapping is now being n placed by cutting or 
milling with diamond tools. 

LAPEL MICROPHONE. See inicrophone, 
lapel. 

LAPLACE DEVELOPMENT OF A DE- 
TERMINANT. A method of finding the nu- 
merical value of a determinant. T^et its or- 
der be r? and be the cofactor to the ele- 
ment A|fc. Then 


n 

\A\= del A = A^kA'^ 

n 

* = A- = ],2, •••,7). 

LAPLACE EQUATION. A second-order 
partial differential equation which, in vector 
form, is V-(/) - 0. It is tlie homogeneous 
ca'^e of Poisson’s equation. Its solutions, the 
scalar quaiitiiy <^, occur in problems involv- 
ing steady-state temperatures, gravitaiional 
and electric potentials, hydrodynamics of 
ideal fluids, imd many other physical phe- 
nomena. The equation is U'^ually solved by 
the method of separation of variables in a 
•^uilahle curvilinear coordinate system and 
with boundary conditions imposed by physi- 
cal requirements Such solution'^ are called 
harmonic functions, in two dimensions, an 
analytic function of the complex variable must 
satisfy Laplace’s eiiiiation. 

LAPLACE EQUATION, SOLUTIONS OF. 
Jii three dimensions, the I.aplace equation is 
sali'-fied bv any linear onibinatioii of terms 
of the type 

/•vi/"((‘os 

\sh(‘r(' r, 0, (ft comprise a spherical coordinate 
system. The solutions fm the surface of a 
unit >pher(‘ are P„"‘(ros and are called 

“tessera! harmonics’’ (of nih degree and mih 
ordeP. Thr)s(' of zeio^*' order, P„(ros 6>), are 
called “zonal luinnonics.” In general, any 
s(j!nti()n of the Laj)laee ecination is called a 
harmonic function. Tlie zonal harmonies are 
also known as Legendre polynomials, and the 
((‘sscral harmonies as assrieiated Legendre 
yiolynomials. 

In two dimen'^ions, rectangular coordinates, 
any analytic fimelion of the complex variable 
: -h ji/ satisfies the Laplace equation by 

virtiK' of the Cauchy conditions for analytie- 
ity. In fact, the real and imaginary parts of 
f(z) satisfy laiplace’s equation separately, 
and the curves Re f(z) = C^, Iin f(z) - C 2 
inler.sect at right angles. Tliese relations are 
iini)ortant in the theory of conformal mapping 
and its application to electrostatic problems. 

LAPLACE EQUATION, USE IN FLUID 
DYNAMICS. An irrotational incompressible 
flow can be specified by a velocity potential 
which satisfies the Laplace equation at all 
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points in the flow. The problem of determin- 
ing the velocity potential function from the 
boundary conditions of the flow system may 
be solved by mcfliods that usually involve 
expansion in suitable orthogonal functions, 
the choice of the functions depending on the 
particular type of symmetry. Many prob- 
lems lend themselves to representation in 
splierical jiolar coordinates and then the gen- 
eral .solution is 

n 7n 


LAPSE RATE, AUTOCONVECTION. See 
autoconvcction, lapse rate. 

LARMOR PRECESSION. Th(‘ motion 
which a charged i)arlicle or system of charged 
})artic]cs subject to a central force directed 
towards a common point exiieriences when 
under the inlluence of a small umfoim mag- 
netic field If a coordinate sv‘-tein is chosen 
which rotates about the direction of tlie mag- 
netic field with an angular velocity 


where r,0,(/) an‘ the cooidinales, P^""(co.s^) is a 
Legendre polvnomiid, 7?,m aie integeis. 

LAPLACE LAW. See Ampere law. 

LAPLACE TRANSFORM. The function 
fip) is the Laplace transform of F{x)j where 

f(p) = r 

j 100 

F{x) = -- I e^^f{p)clp. 

In tlie latter form, the constant c is any real 
number such tliat 


/■ 


e-^^W)\dx 


\'^ bounded. (lUdiT aKo to the entry lor the 

Fourier transform.) 


LAPLACIAN. (1) The vector operator 
div grad ^ V-V = 

In rectangular cooidinates its components are 
c)Vd.r^ (F dr. 

(2) This term has been used, in nuclear 
technology, in place of the negative of buck- 
ling. 

LAPSE RATE. The rate at which tempera- 
ture decreases or lapses with altitude. It is 
the vertical temperature gradient Since 
temperature normally flecrcases wdth altitude 
m the troposphere, it is convenient to assign 
positive values to 'lie rate of temjierature 
change with altitu Ir Lapse rate, therefore, is 
defined as i ae rate of change of temperature 
wdth altitude and is positive when the tem- 
perature decreases. 


where o) is (ho angular veloeily, q is elc‘(trie 
eluirge in esu, in is mass, c is tlie \el()cuy of 
light, II is magnetic held strenglh in emu, then 
the motion in this svstem of coordinates is the 
smiu' as 1h(‘ motion i ('barred to a enoidinate 
svst(‘m tixevl in ^pae(‘ without a inagtu‘tic field 
This called 1h(‘ La inn a thoov(m' 

The atiplication of this princijile arisc's al- 
most e\rlusi\(‘ly in the deseiipiion of the mo- 
tion of aloms and electrons in magnetic fndds. 
(See precession.) ^ 

LARMOR THEOREM. See Larmov preces- 
sion. 

LARSEN POTENTIOMETER. Se e poten- 
liometcr, Larsen. 

LATENT PHOTOGRAPHIC IMAGE. Tlie 
nm^ible, but doveloiiabh', image foniied on 
expuHiu' of a light-sensitive ('inulsinn to light 
A comtilete theoiy of the latent imagi* lias 
not yet In'cn developed hut it seems certain 
that minute sensitivity-centers of siKcr ‘=ail- 
phide or colloidal sih er aitaclnd to the sihei 
halide crystals are involved. 

LVTERAL MAGNIFICATION. Linear mag- 
iiiHcalion measuied normal to the ojitical 
axis. If (hj is an element of di.stanee in ob- 
ject spiace normal to the optical axis of a sys- 
tem and (h/ is the conjugate clement in image 
space, then dy'/dy is the lateral magnifica- 
tion. 

LATERAL RECORDING. A disk recording 
in which an essentially constant-depth groove 
is cut in the jilane of the disk. 

LATERAL SPHERICAL ABERRATION. 

The difference between the reciprocals of the 
image distances for paraxial and rim rays. 
(See also longitudinal spherical aberration.) 


503 


Lattice — Laurent Half-shade Plate 


If S' and S'fc are the image distances for par- 
axial rays and rays which strike a lens a dis- 
tance h from its center, respectively, then 
S' — S\ is the longitudinal spherical aberra- 
tion, and (l/S'/i) — (I/S') is the lateral 
spherical aberration. 

LATTICE. (1) A regular array of points in 
space, as for example, the sites of atoms in a 
crystal. (See space lattice.) (2) In a nu- 
cU'ar reactor, structure of discrete bodies of 
fissionable material and non-fissionable mate- 
rial (especially moderator) arranged in a reg- 
ular geometrical pattern. Most heterogeneous 
reactors have a lattice structure. (3) In 
mathematics, a partially-ordered set in which 
a*iy two elements have a greatest lower bound 
and a least upper bound, the greatest lower 
bound of a and b being an element c such 
that r a, c and if h, then 

d, and the least upper bound being de- 
fined analogously. 

LATTICE COMPOUNDS. Compounds 

formed bet\^een definite stoichiometric 
amounls of two molecular species which owe 
tlieir stability to packing in the crystal lat- 
tice, and not to ordinary valence forces. 

lATTICE CONSTANT. A hmeth repre- 
s(‘nling the size of the unit cell m a crystal 
lattice. In a cubic cryst d, dus is pi^t the 
length of the side of the unit cell, hut such a 
suu])le definition is not in general ])ossible, 
and the lattice constant mu^t be ( ho.sen ac- 
cording to the geomctiy of the structure in 
each case. 

LATTICE DEFECT. See defect. 

LATTICE DIMENSIONS. According to tlio 
Bragg formula the spacing of ti. ^ atomic 
planes can be deduced from tlu' X-ray diffrac- 
tion pattern and a knowledge of the X-iav 
wavelength, which can itself be measured by 
diffraction from a ruled grating. 

LATTICE DYNAMICS. A branch of the 
theory of the solid state, dealing with the 
properties of the thermal vibrations of crystal 
lattices. 

LATTICE ENERGY OF CRYSTAL, The 

decrease in energy accompanying the process 
of bringing the ions, when separated from 
each other by an infinite distance, to the po- 
sitions they occupy in the stable lattice. It 


is made up of contributions from the electro- 
static forces between the ions, from the re- 
pulsive forces associated with the overlap of 
electron shells, fiom the van der Waals 
forces, and from the zero-point energy. (See 
Bom-Mayer equation.) 

LATTICE NETWORK. See network, lat- 
tice. 

LATTICE PLANE. See atomic plane. 
LATTICE SUM. In g(‘neral, any sum whose 

terms are functions of the [)ositious of points 
in a space lattice. The term is applied par- 
ticularly to those in\olved in evaluat- 

ing th<' Coulomb energy of an ionic crystal, 
\\ liere the magnitude oi each term depends 
on t[ie inverse tlistan^*e of the lattice point 
funn the origin, with a sign rlepcmding on the 
charge of the ion at that point. Such sums 
arc* (tifficult to evaluat(* directly, as they con- 
only \erv slowly, but s))ocial methods 
have been de\i^ed to calculate them. (See 
Evjen method, Ew^ald method.) 

LATTICE VIBIUTION. A thermal vibra- 
tion of a ciystal lattice. 

LATTICE WAVE. See phonon. 

LATUS RECTUM. A (diord per})eiidicular 
to an a\is of a conic section and passing 
through a focus Tf the setdion is an ellipse, 
the axis is the major axis; if a hyperbola, 
the transverse axis. (See aUo parabola.) 

LAUE PHOTOGRAPH METHOD. A 
method of X-ray analysis of crystal structure 
in wliich a henm of X-revs of all wavelengths 
is parsed tlirough a tliin .'^lice of the crystal 
and the diffracted beams received as a series 
of spots on a photographic plate. It can 
easily l)c seen, from the Bragg equation, that 
»‘ach atomic plane v\ill give rise to a spot, 
v\hich fixes its orientation, and hence the sym- 
metry of t]i(‘ crystal structure. It is difficult, 
liowever, to determine the structure factors 
directly hy tins method, because of uncer- 
tainty in the »5pectrum of the incident X-rays. 

LAUNCHING. The name sometimes ap- 
plied to the process of transferring energy 
from a coaxial cable or transmission line to 
a waveguide. 

LAURENT HALF-SHADE PLATE. The 
Laurent half -shade plate consists of a semi- 
circular half-wave plate of quartz or other 
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crystal set between the polarizer and analyzer 
and close to the fonner, with its optic axis 
at a small angle with the principal section 
of the polarizer. 

LAURENT POLARIMETER. A polarimeter 

consisting of a monochromatic filter, a po- 
larizing nicol, a half-shade plate, a tube for 
unknowns to be ‘=^tudied, an analyzing nicol 
and an eye lens focused on the half-shade 
plate Used to measure the rolatory power 
of liquids and crystals. 

LAURENT SERIES. A generalization of the 
Taylor scries, making it possible to develop a 
function of the complex variable about a 
singular point z - Zo- The result is a two- 
way power series (po-'itive and negative j)ow- 
ers) 

CO 

i{z') -- 13 - 2tl)” 

n 00 

with roefiBcients given liy 

1 r fiOcli 

The contour consist^ of a circle about — Zo 
The size ot ilie eiide is limit(‘(l oiil} by the 
condition that fix) shall he airilvtic e\ery- 
v\h(‘re witlnn the circle, excejit at the singu- 
larity. If theie aie an infinite number of 
n('gative ])ow(is m tlu' ^elle'^, fiz) has an 
essential singularity at Co; if a is not zero 
and all other coefTicients a„ = 0 for /? < — fr, 
the singular point is a pole of order k 

LAURITSEN ELECTROSCOPE. See elec- 
troscope, Lauritsen. 

LAW, A statement describing a general tnith 
or general relationship, wdiich fomuilatcs the 
conditions applying to various phenomena or 
their relationships. 

LAW OF APPEARANCE OF UNSTABLE 
FORMS. The unstable forms of inonotropic 

substances arc obtained from a liquid or va- 
por state before the stable foim appears. 

LAW OF AREAS. A particle in motion un- 
der the influence of any central force moves 
in wsuch a way th{ « the radius vector sweeps 
out equal areas ir equal intervals of time. 
Tlie law is j direct consequence of the conser- 
vation of angular momentum. Kepler's sec- 
ond law (see laws of Kepler) is a special case. 


LAW OF COMPOSITION OF FORCES. 
See equilibrium; forces, parallelogram of; 
polygon of. 

LAW OF CONSERVATION OF ANGULAR 
MOMENTUM. If the total external torque 
on a rigid body or a system of particles about 
a point vanishes, the total angular momentum 
of the system about this point is a constant 
(See also moment of momentum.) 

LAW OF CONSERVATION OF MECHANI- 
CAL ENERGY. For a conservative system 
the mcclianical energy, wduch is equal to \he 
sum of tfio kinelic energy (see energy, ki- 
netic) and iioteiitial eriiTgy (see energy, po- 
tential) IS alwav^ equal to a constant deler- 
mmed by the initial conditions of the mo- 
tion. 

LAW OF RADIOACTIVE DECAY. See 
radioactive decay, law of. 

LAW OF RADIOACTIVE DISPLACE- 
MENT. See radioactive displacement, law 
of. ^ 

LAW OF RATIONAL INTERCEPTS. See 
Haiiy law. 

LAW OF SINES (THREE FORCES ACT- 
ING AT A POINT). If a parlicl(‘ js m equi- 
librium under the mflueiice of three forces 
acting at a fioint, the latios of each force to 
the sine of the angle between the other two 
lorces are equal (See equilibrium.) 

LAWS OF KEPLER. Three laws of plane- 
tary motion fird enunciated by Kepler at the 
beginning of the seventeenth century (1) 
The planets describe, relatively to the sun, el- 
lip.sc^ of wdiich the sun oceupies a focus. (2) 
The radius vector of each planet traces out 
equal areas in equal times (3) The 'Squares 
of the periods of revolution of any two plan- 
ets vary as the cubes of the major axes of 
their orbits. 

LAWRENCE TUBE. See ebromatron. 

LAYER(S), E, F, (F, AND F,) AND D. See 
E layer, F layer, and D layer. 

LAYER LATTICE. A solid structure con- 
sisting of sheets of atoms, not necessarily in 
one plane, extending throughout the whole 
crystal and separated from one another by a 
distance which is too large for chemical bond- 
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ing. Graphite is the familiar example, and 
shows the characteristic cleavage into thin 
flakes. 

LAYER LINES. In the rotating crystal tyi>e 
of apparatus for the X-ray analysis of crys- 
tal structure, all laiiice planes having the 
same spacing in the direction parallel to the 
axis of rolation will produce diffraction spots 
lying on more or less horizontal lines. 

LAYER OF CHARGE. A “simple’’ layer is 
a sheet of charge of one sign, such as the 
surface charge on a charged conductor. (See 
also double layer.) 

I AYER OF CHARGE, STRENGTH OF. 

The str<^ngth of a double layer is the dipole 
moment per unit area. 

LEAD. Metallic element. Symbol Pb. 
Atomic number S2 

LEAD, ANGLE OF. See lag, angle of. 

LKAD-IN SPIRAL. Tlu* blank groove of 
iiigli pitch UMul to guide the stylus into the 
modulated grooves of a disk recording. 

LEAD NETWORK. A transducer whose 
outi)ut voltage leads the input voltage over 
a certain range of frequencies. Sometimes it 
may bo referred to as a lifl-Tcntiat ing net- 
work. 

LEAD SCREW. (1) The screw \n ieh drives 
the cutting head aero-s a rccorduig disk in 
the initial recording firoeess. The groove 
])itch produced may he constant, or in later 
high-fidelity systems, may be adjusted ac- 
cording to the signal strengtii being reeorde 1. 
(2) The screw wliieh controls the lencritudinal 
motion of a tool on a lathe, gratir g engine, 
or similar device. 

LEADING-EDGE PULSE TIME. See pulse 
time, leading-edge. 

LEAKAGE CURRENT The euiTcnt which 
results from charge flowing or ‘‘leaking” along 
the surface or through the body *of an insu- 
lator. Except under abnormal conditions 
such as diiiy or moist surfaces or in electronic 
circuits having very minute currents the leak- 
age is usually negligible. 

LEAKAGE, NEUTRON. The loss of neu- 
trons of a specified energy range from a given 


region of a nuclear reactor due to their mo- 
tion. The leakage spectrum is the energy dis- 
tribution of neutrons leaving the reactor. 

LEAKAGE RADIATION. See radiation, 
leakage. 

LEAKAGE REACTANCE. Tin* inductive 
reactance caused by tlie flux which links only 
one coil of a transformer. The useful flux, 
of course, link both windings and is the me- 
dium of transfer of energy between tliom. 
Leakage reactance is one of the major in- 
ternal imj^edance components of the trans- 
former. 

LEAD CONTROL. The control of the sta- 
lulity of feedback systems by the use of lead 
networks. 

LEASl ACTION, PRINCIPLE OF. This 
])rincip]e, first enunciated rather loosely by 
Maupertiiis in the ISth century, states tlmt 
the a(‘tual motion of a conscTvativc dynami- 
cal system from Pi to P 2 takes ]>lace in such 
a vay that the action has a stationary value 
with re^pi'ct to all other possible paths be- 
tween Pi and Pm corresponding to the same 
entrijy. (Cf. Hamilton principle.) 

LEAST-ENERGY PRINCIPLE. A principle 
relating to stable equilibrium, and having 
very wide application. If a system is in 
stable eciuilihriuin, any slight eliange in its 
condition or configuration lequiring the per- 
formance of ^\ork will put it out of equilib- 
rium, so that, if the system is now left to 
its(‘If, it will return to its former state and in 
so doing will give up Mie energy imparted 
when it wtis disturbed. Consider, for exam- 
ple, a block of wood floating in a pail of water. 
If flu* l)l(jck is lifted sliglitly, work is done 
and the center of mass of the wood-water sys- 
tem as a whole is raised, so tliat it now has 
more potential energy. The same would be 
true if the block were pushed a little farther 
into the water. In either case, wlam the block 
is released, it resumes its former level and the 
potential energy of the system diminishes to 
its former minimum value. This illustrates 
the general principle, which is that a system 
is in stable equilibrium only under those con- 
ditions for which its potential energy is at a 
minimum. 

Tlie princijile of least energy is one aspect 
of the principle of virtual work. (Cf. poten- 
tial energy.) 
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LEAST SQUARES FITTING. A method of 
combining experimental date which show the 
value of a dependent variable y for various 
values of the independent variable x in such 
a way as to establish the best relation between 
y and x. In the simplest and most common 
application, it is known that ^ = a + bx, 
where a and b are constants whose values are 
to be determined. The method leads to values 
of a and b such that the sum of the squares 
of the deviations of the observed values of y 
from the values predicted by the equation is 
minimized. For a detailed discussion see 
Worthing and Oeffner, Trentvicnt of Experi- 
mental Data, Wiley (1913). 

LEAST TIME, PRINCIPLE OF. See Fer- 
mat principle. 

LEAST WORK. The three equations of 
static equilibrium are insufficient to deter- 
mine the analysis of certain types of struc- 
tures w'hich, in consequence, are called stati- 
cally indeterminate structures. The analysis 
of such structures belongs to the general sub- 
ject of mathematical theory of elasticity. 
Several methods of attack have been devised, 
but none has had so wide an application as 
tlio principle of least work. When a struc- 
ture, either siniplf* or complex, is loaded, there 
is a certain amount of energy stored in it by 
virtue of the deformation of its several elastic 
components. The theory of least work is 
based on the fact that the natural phenomena 
attending the deflection of a stressed structure 
is that the individual parts will be so deflected 
that the load will be carried with a minimum 
storage of eiu'rgy in the elastic members. In 
the lea^^jf-work theory, there are two basic 
propositions. The fir^t is that the linear dis- 
placement of the })oint of application of a 
load of an indeterminate structure, in the di- 
rection of the load, equals the first derivative 
of the energy stored in the elastic structure, 
taken witli respect to the load. The second 
theorem is thnt the magnitudes of statically 
indeterminate reaction forces arc such as to 
make the elastic energv of Ihe syvstem the least 
possible. (Cf. equilibrium.) 

LE CHATELIER PRINCIPLE. A general 
law for physical n^stems which states that: 
If a system is eubje' .ed to a constraint where- 
by the equmbrium is modified, a change takes 
place, if possible, which partially annuls the 
constraint. 


LECHER OSCILLATOR. See electric oscil- 
lations; electric waves. 

LECHER WIRES. A special type of trans- 
mission line used primarily for the measure- 
ment of frequencies in the high radio-fre- 
quency range (see frequency meter). Basi- 
cally they consist of two parallel wires a few 
wavelengths (in terms of the frequency to be 
measured) long which are adjustable in 
length. While usually adjusted by sliding a 
shorting bar along the wires they are some- 
times fixed in physical length, cither open or 
short-circuited at the remote end, and varied 
electrically by tuning a scries condenser. In 
any event, if the system is coupled to a source 
of liigh frequency tlie induced waves will be 
reflected from the end and if the line is elec- 
trically an integral number of half-wave- 
lengths long standing waves will result. The 
nodes or anti-nodes of these may be detected 
with a suitable detector and the spacing of 
coiTcsponding points will be a half-wavelength 
apart, thus allowing the frequency to be cal- 
culated. ^ 

LEFT-HAND RULE (FOR MOTOR AC- 
TION). See right-hand rule. 

LEFT - HANDED (COUNTER - CLOCK - 
WISE) POLARIZED WAVE. See wave, 
left-handed (counter-clockwise) polarized. 

LEGENDRE EQUATION. A second-order 
differential equation 

(1 - x‘)y" - 2xij' + n(« + 1)y = 0. 

It is a special case of the associated Legendre 
equation 

(1 — — 2x?/' 

"I 

n{n + 1) - — h/ = 0 

which in turn is a special case of the Gauss 
hypergeometric equation. Both Legendre 
equations have singular points at x = ±1, oo 
and if m,n are integers the solutions are 
Legendre polynomials. For non-integral 
values of these parameters, the solutions are 
TiCgendre functions. (See also harmonic, 
spherical.) These differential equations oc- 
cur in the quantum mechanical problems of 
the rigid rotator and the hydrogen atom. 

LEGENDRE POLYNOMIAL. A solution of 
the Legendre differential equation. The as- 
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Leibnitz Rule — Lens 


sociated polynomials may be defined by the 
expression 


cT^P (t) 

^(x) = -- 

d.r"* 


ing rod which can be made to coincide exactly 
with the curve. 

One of the three fundamental units in me- 
chanic^. (See also mass, and time.) 


and the special case, m = 0, is the Legendre 
polynomial of degree n 


P(x) = 


1 d” 


(a'2 - ly 


LENGTH OF PLATEAU. Tlie voltage in- 
terval corresponding to the portion of the 
plateau characteristic in which a Geiger- 
Muller counter tube can be reliably oper- 
ated. 


(2.)! r n(^-l) 

2"(n!)H 2(2w - 1) 

njri - l)(n - 2 )(n - 8) 
2.4(2ra - l)(2n - 3) ^ 


The fir^t dtTinition, in terms of the nth de- 
n\ alive, is called tlic Rodrigues formula. A 
second set ot polynomijils, linearly iivlcperid- 
ent of Pnj is comiioscd of polynomuiK of the 
second kind, The gcaieral solution of tlie 
J>egeiidre (‘qualion is then 

y = APnix) + HQnU) 

wIkto a, B are arbitrary constants. Many 
other definitions and relations for these poly- 
nomials arc known (Se^ Sclilafli’s formula, 
generating function, Heine formula.) 

LEIBNITZ RULE. A formula f r the 7?th 
derivative of the jiroduct of two fi netions in 
terms of the successne derivatives of (he 
factors: 


d^u 

- - (uv) = - - 
dP' 





dv 

dx 


+ 


O d^' 'iidv d'e 

- H h - 

d.r”"- dr^ dx” 



d” ^‘ii d^r 
dx^' dx^ 


The coefficients arc binomial coefficients. 

LENARD RAYS. See cathode rays. 

LENGTH. (1) The length of a straight lino 
is the number oi times that a s]iccifie(l meas- 
uring rod must be successively applied to 
cover the lino completely. 

(2) The length of a curve is equal to the 
length of a flexible, but inextensible, measur- 


LENGTH, UNITS OF. (1) Metric— The 
meter is the siandardized unit The common 
unit is the centimeter (cm) wliich is Y^qq ol 
a meter. Also used ire the decinuder = 10 
me((‘rs and the kilomett r - 1000 met^'r^. (2) 
Irngli*-!!— The >ar(l i,-- tli(‘ standardized unit. 
The .common unit is ih^' toot winch is of a 
yard. Also used aie the mi'h - of a yard 
and tlie mile - 52S0 ft = 1700 yards. 

I.ENNARD-JONES AND DEVONSHIRE 
THEORY. A tlieoiy of the liquid state which 
describes fusion as a dissociation of the crys- 
tal lattice, molecules moving from the lattice 
sites to iriter-lattice boh^. The dissociation 
energy decrease^ with thermal expansion and 
the theory gives a roughly quantitative de- 
‘'Cription of fusion. 

LENS. (1) An optical component consisting 
of one or more pieces of ela^s or other mate- 
rial transparent to the ra (hat ion being used, 
winch has tlu‘ surfaces so (•ur\ed, ordinarily 
''plierieal, tliat raitiation (‘omina from an ob- 
ject will, af(('r pa-‘*ing tlirough the lens, form 
an image, real or virtue h of that object. A 
simple lens consisqs of a smgle jiiece of trans- 
parent iiiat»rial Shn])le lenses may b(‘ of 
any of tlie^e foiiu": 

CONVLRG'NG 

0 (] 

Double C^onvex Plano 

or Biconvex Convex 

DIVERGING 

I 1 

Double Plano 

Concave Concave 


Concavo Convex 
or 

Posit’ve Meniscus 


] 


Convexo Concave 
or 

Negative Meniscut 


Liens, Acnromatic — Lens, Meniscus 




In the double-convex and double-concave 
cases, the two curvatures may be alike, cqui- 
convcx or cquiconcavc, or they may be dif- 
ferent. , 

(2) In communications, a structure trans- 
parent to radio waves, and with a relative 
dielectric constant different from unity, de- 
signed in such manner as to produce a desired 
pattern. Such structures may employ dielec- 
trics or metallic configurations. (Sec antenna 
lens; antenna lens, pathlcngth; antenna lens, 
dielectric; antenna lens, delay; antenna lens, 
metallic.) 

(3) In electron optics, a configuration of 
electric or magnetic fields arranged to pro- 
duce the desired el(*ch'on-beain pattern. 

(4) A inagTietic lens is an arrangement of 
coils and magnets so disposed that the re- 
sulting magnetic fields j^roduce a focusing 
force on a beam of charged particles. 

LENS, ACHROMATIC. A compound lens 
(see lens, compound) of at least two kinds 
of glass, which has the same focal length and 
the same magnification for light of two dif- 
ferent wavelengths and nearly the same focal 
length for all intervening Avavelengths, Cer- 
tain thick lenses and certain comi)oiind lenses 
of a single sort of glass can be made achro- 
matic, but such lenses are not commonly used. 
(Sec also achromat.) 

LENS, APOCHROMAT. A compound lens 
(see Icn.s, compound) constructed so that the 
focal length for three diffenait wavelengths 
will be identical. This reduces chromatic 
aberration over a wider range' of wavelengths 
than a simple achromatic lens which brings 
to identical focal length light, of only two 
different w’avelengths. 

LENS, COATED. Sec low-reflection films on 
glass. 

LENS COMBINATION, ZERO POWER. It 

i.s possible to introduce into an optical system 
a lens of zero power which makes no essential 
change in the principal focal plane, but which 
does reduce certain aberrations, particularly 

coma. 

LENS, COMPOL ND, The aberrations in- 
licrent to all single optical lenses can be re- 
duced by constructing a compound lens of 
several simple lenses. These simple lenses 
are not ordinarily all of the same type of 


glass or other transparent material. (See 
achromatic lens; apochromatic lens.) 

The simple lenses may be cemented to- 
gether, or they may be separated by air spaces, 
or in the case of three or more elements, some 
may be cemented and others separated by air 
spaces. 

LENS, CONVERGING. A lens (sec lens (1)) 
with positive or real focus is called converg- 
ing, since it causes light parallel to its axis 
to converge to a real focus. 

LENS, CONVERTIBLE. A camera lens (see 
lens (1)) made up of two separable systems, 
each seiuirately corrected so that cither sys- 
tem or the total combined system may be 
used, thus giving greater flexibility of equip- 
ment. 

LENS, CYIJNDRICAL. A lens (see lens 
(1)) one surface of which is a portion of the 
surface of a cylinder. Cylindrical lenses have 
many uses, hut the most common is for cor- 
recting astigmatism in the (*ye. They may 
l)e either eoneavc (negative) or convex (posi- 
tive). 

LENS DISK. In some older forms of me- 
chanical television, the rotating scanning disk. 

LENS, DIVERGING. A lens (‘^ee lens (1)) 
with a negative or virtual focus is called di- 
verging because it causes light parallel to its 
axis to diverge, as if coming from a i)oiiit 
wliich is the virtual focus of the lens. 

LENS, ELECTRIC ELECTRON. A device 
which employs only electric fields to focus an 
electron beam. (See also electron lens.) 

LENS, FIELD. An auxiliaiy lens (see lens 
(1)) used to focus light wliich has passed 
through one or more stages of a long optical 
system, before it passes to later stages. 

LENS, MAGNETIC. An arrangement of 
coils, electromagnets, or magnets so disposed 
that the resulting magnetic fields produce a 
focusing force on a beam of charged particles. 
(Sec also electron lens.) 

LENS, METALLIC. See lens (2); antenna 
lens, metallic. 

LENS, MENISCUS. A lens (see lens (1)) 
whose two surfaces have curvatures of the 
same sign; convexo-concave or concavo-con- 
vex. 
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LENS POWER. See power, lens. 

LENS SIGN CONVENTION. Sec sign con- 
vention. 

LENS, SPHERICAL WAVES INCIDENT 
ON A THIN. See waves, spherical, incident 
on a thin lens. 

I.ENS SYSTEM, CARDINAL POINTS OF. 
S('C‘ cardinal points of a lens system. 

LENS, THICK. No iis(‘ful '-iTigle completely 
accurate formula can 1)C written giving full 
ol)ject"inuige relation in terms of the i)roper- 
lic"^ of the lens forming the image. Hence 
many formulas ^^’itll varying degrees of ap- 
l»roximation are used. A “thin” lens is a lens 
(s(‘e lens (1)) being used in a computation 
whicli neglects tlie acdual thickness of the Kns 
its(‘lf. A “thick” lens is a lens being used in 
a computation which takes into cori&id(u*ation 
the thickness of the Uais itself. (See Robert- 
son, Introduction to OplicSy (icomctriccit and 
Pht/sicalj 4ih (‘d., (diaj)ters ITT and IV.) 

LENS, THIN. Any lens (see lens (1)), the 
thickness of whicli may be neglected for the 
pi'occss under con'^ideration, as is done in 
many approximate computations. 

LENS, TORIC. A lens (see lcn.s (1)), one 
surface of which is a pe-^ion of the surface 
of a torus (a surface generated by a circle 
rotating about an axis in its o^\ni plane, but 
not through the center of the circh j. Widely 
usf'd in spectacles. 

LENS, WEAK. A lens in which the focal 
lengths are long compared 'with the extent of 
the lens field. 

LENSES, ALTERNATE POSIT^' C AND 
NEGATIVE. A nudhod of focusing an elec- 
tron beam by the use of a series of alternating 
converging and diverging lensr's (sec lens (3)) 
of e(iual strength. 

LENSES, ELECTRIC, APERTURES AS. An 
aperture connecting regions of different po- 
tential gradients will distort the field in its 
vicinity. This distortion may be used to focus 
an electron beam passing through the aper- 
ture. (See also electron lens.) 

LENSOMETER. An instrument designed for 
the measurement of the optical characteristics 
of spectacle lenses. 


LENTICULAR PROCESS. A process of 
color photography in which minute semi- 
cylindrical lenses (lenticiilcs) on the film base, 
in conjunction 'VNith a handed color filter on 
camera and projector l(‘nses, act as an optical 
color-separation system for both analysis and 
synthesis. The lenticular process is thus es- 
sentially a screen method in which the scr(‘cn 
is formed optically on the film during ex- 
])osiirc. 

LENZ LAW. A geiuTal law of electromag- 
netic induction, stated by H. F. E. L(‘nz in 
1.S33. It points out that the electromotive 
force induced by tht- variation of magnetic 
flux, with reference to a condiicior, in the 
manner discovered by Faradav, i^ always in 
such, direction that, if it produces a current, 
file magnetic effect of tliat current o))poses 
the flux valuation respon.-ihlc for both electro- 
motive force and current. Tiie effect known 
cl*' mngnc'tic damping depends upon this prin- 
ci])]c. A copper disk, when spun hetw^een the 
])oles of a strong magnet, quickly comes to 
r(‘^t because of tlu' o])p()^ing torque. 

LEPTON. A ])articlc of small mass. In- 
cliuled in this class are t)ie electron, positron, 
neutrino and aniineutrino. 

LETHARGY, NEUTRON. The value of the 
lethargy of a neutron is, to within an additive 
cuTi'tant, tlie negati^^e of the natural logarithm 
of the energy of the neutron. 

LE\EL. Tlie difference of a quantity from 
an arbitrarily speeifiod reference quantity. 
(1) In audio technique., Ric quantities of in- 
terest are often expressi'd in decibels, thus 
their difference is conveniently ex])ressed as 
a ratio. Hence, leiel is wddely regarded as 
the ratio of the magnitude of a quantity to an 
arbitrary reference magnitude. (2) In tele- 
vision, level is (a), signal amplitude measured 
in accortlance wdlh certain specified tech- 
iiiquo'- (see IHE Proccedinejs 39, "May 1950); 
or (b), a specified i)ositioii on an amplitude 
scale aiiplied to a signal waveform, as the 
tenn is used in such definitions as reference 
v/hito level and reference black level. 

LEVEL ABOVE THRESHOLD (SENSA- 
TION LEVEL). Of a sound, the pressure 
level of the sound in decibels above its thresh- 
old of audibility (see audibility, threshold ofl 
for the individual obser\'er. Similar defini- 
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tions arc used for the other psychophysical 
stimuli, such as light. 

LEVEL INDICATOR. (1) A device or in- 
strument which indicates liquid level height, 
as in a tank. (2) A device or instrument 
wliich indicates the amount of radiation (see 
monitor) present in the vicinity of the in- 
strument. (3) A V-U meter. 

LEVEL OF ENERGY. The value of an 
(‘nergy, as for example an electrostatic po- 
tential, thought of as measured vertically 
above some fixed origin. Not the same as 

energy level. 

LEVEL WIDTH. A measure of the spread 
in excitation energy of an unstable state' of a 
(juantizcd system. In omission or absorption 
spectra, variations in the intrinsic line widths 
show that some en('rgy levc'ls in atomic or 
nuclear systems are broad and others arc 
nairow. In nuclear physics, level widths 
lia\o been observed chiefly in connection with 
iK'utron and charged-particle resonance*^, 
which are found to ha\o non-unifonn breadths 
in energy. The level width is related to the 
mean life of the level by the expression: 

r = filr 

w'here T is the level width, fi is the Dirac h, and 
r is the mean life. Level widths usually show 
themselves as the wddihs of resonance peaks 
observed when the cross section for the par- 
ticular reaction is plotted as a function of the* 
energy of the incident particle. The quantita- 
tive value of the level wddth is usuall}'' taken 
as the full wirlth at half maximum of the 
resonance peak. 

If a system at a given level has several alter- 
nate modes of disintegration, there is associated 
wdth each a partial level wddth proportional to 
the probability of disintegration by the par- 
ticular mode. The total level wddth is the sum 
of the partial level widths. 

LEVER. A simple machine consisting funda- 
mentally of a rigid bar or body which can 
rotate about a rigid point of support or ful- 
crum. The appli(‘atK)n of a force to the bar 
will produce motion of a load on the bar in ac- 
cordance with thr principle of torques. The 
mechanical advan^ige is equal to ratio of 
the ^‘arms’ where an arm is the distance from 
point of application of force or load to the 
fulcrum. 


LEVI CIVITA TENSOR DENSITY. 

^ijk = 0 for any two indices identical 
= dbl otherwise, 

the sign depending on whether ijk form an 
even (-f-) or odd ( — ) permutation of the 
integers 1, 2, 3. 

LEVOROTATORY. Capable of rotating the 
plane of polarized light in a counterclockwise 
direction. 

LEYDEN JAR. A high-voltage, low-capaci- 
tance capacitor using a glass jar as the di- 
electric. 

L-F. Abbreviation for low frequency. 

LTIOSPITAL RULE. A method for evaluat- 
ing an indeterminate form. Suppose /(a) = 
</>(a) — 0, then 


X —* a <f>(^T) X ► a (f)' {x) 

If flic first derivatives do not exis^ continue 
the diffen'ntiation until one derivative does 
not vanish at x — a. Other indeterminate 
forms may also be evaluated by suitable 
modifications of this rule. (Tlic spelling 
L'Hopital IS also found.) 

LIBRATION. In general terms, a quivering 
or swaying motion, applied more specifically 
to an oscillating rotary motion, as of the 
moon about its axi-^ or of a molecule in a 
solid wdiere it lias insufficient energy to make 
complete free rotations 

LID. A term often used to denote a tempera- 
ture inversion in the atmosphere. Since the 
air m an inversion is stable, convectional cur- 
rent's cannot exist wdthin it For this reason 
an inversion is called a “lid,” since it prevents 
the air below and above it from mixing. 

LIEBMANN EFFECT. Visual perception of 
contrasting forms, as on a printed page, is 
more difficult w^hen the forms have the same 
luminances and differ in chromaticity, than 
in the converse case. 

LIESEGANG RINGS. The formation of a 
banded precipitate by ions which react by 
diffusion through certain gels. Thus, for ex- 
ample, if silver nitrate is dissolved in a warm 
gelatin sol which is then allowed to set, and 
a drop of sodium dichromate solution is de- 
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posited on its surface, the resulting silver 
chromate precipitate will appear in the gel 
as a series of rings, with clear areas between 
them. Theories have been advanced to ex- 
plain the formation of Liesegang rings based 
on the formation of nuclei in supersaturated 
solutions. 

LIFE, HALF-. See lialf-Iife. 

LIFE, MEAN. The av^erage time during 
which an atom or other system exists in a 
jiarticular form, e.g , the mean lime between 
the appearance and disappearance (birth and 
death) of a particle. Five examples are: (1) 
Th^" mean life of mesons before undergoing 
1 ransformation. (2) The mean life of ex- 
cited nuclei or atoms bedore losing their energy 
of excitation. (3) For a radionuclide, the 
mean life is the rcv iprocal of the disintegra- 
tion constant. For branching decay, it is 
given by 

__ t 1 

X Xj -f Ao + \3 • • • 

where Ai, Ao, ■ • • are the pai^ial disinlegra- 
tiori constants tor the vjuious modes involved, 
(f) For a thermal lU'iitron, the mean time 
interval l)ctw('en the instant when the neutron 
becoiiK's thermal, and ^^hen it disa]i])eaTs from 
the reactor by ab'^orptiun or h'akage. For a 
homogeneous medjum, 11. infmite and limie 
lifetimes refer to the lih'timc in infinne- and 
given fiiiite-sizefl regions oi Ihe nirdium (5) 
Wlien excess carriers are injected ‘oto a semi- 
conductor, they will event ually recombine 
^\ilh others of the opjmsite sign. E.xperiinent 
shows that in the bulk material this mean 
life may be rather long, because* the recom- 
bination process between holes and elections 
requires the emission of a photon n phonon. 
The process is much enhanced at the surface, 
as shown by the Suhl effect. 

LIFETIME. (1) The mean life (see life, 
mean). (2) The half-life. 

LIFETIME, COMPARATIVE. The product 
of the half-life or half-period of a /?-disintc- 
grator and a function (commonly represente<l 
by the symbol /) which cxpic^ses the prob- 
ability per unit time that a ^-transition will 
occur in a given nucleus. The function / de- 
pends chiefly upon the p-disintegration en- 
ergy, and to some extent, also upon the atomic 
number of the product nucleus. The use of 


Life, Half- — Light, Elliptically-polarized 

the comparative lifetime values puts all the 
disiritegrators on the same basis so far as the 
disintegration eneigies and atomic numbers 
are concerned, and these values are measures 
of the* inherent forbiddenness of the )ff-transi- 
tions (See also Fermi theory of p-decay.) 

LIFETIMF, VOLUME. The average time 
interval between the generation and recom- 
bination of minority carriers (see carrier, 
minority) in » homogeneous semiconductor. 

LIGASOID. A colloidal system, in which the 
dispersed particles (or the dispersed phase) 
an* li(|uid, and the dispersion medium (or the 
continuous phase) is gaseous 

LIGHT. This term properly refers to the 
range of electromagnetic radiation frequencies 
associated with vision; though the ]diysicist 
apt to think of more objective manifesta- 
tions, such as photovoltaic effects, and some- 
times c\cn ovei‘^tej)s the liiiiits of the visible 
range by calling infra-rcd or ultraviolet radia- 
tion, and even x-rays, “light '' The wave- 
lengths of vi.^iblo light extend approximately 
from 1000 angstroms (cxireine violet) to 7700 
angstroms (extreme red) Compared with 

latliation as a whole*, this is an extremely 
limited range. 

LIGHT-BEAM PICKUP. A phonograph 
])i(*kup in which a beam of light is a coupling 
elem(*nt of the transducer. 

LIGHT, CIRCULARLY-POrARIZED. See 
di‘-ci.ssi()n und(*r light, elliptically-polarized. 

LIGHT CONE THROUGH AN EVENT. All 

events at jxisition r, lime relative to the 
event, whore r- — 

LIGHT, CORPUSCULAR THEORY. An old 

llieoiy that light eonsi.sted of particle^, (cor- 
puscles) of a luminouh flux, later superseded 
by a puie wave Iheoiy. Present day theory 
of light combines the properties of weaves and 
of particle^ (ciuanla) into a single consistent 
quantum theory of light (electromagnetic 
radiation). 

I.1GHT, ELLIPTICALLY - POLARIZED 
( liven a thin section of double-refracting 
crystal with the optic axis of the crystal 
parallel to the face of the section. If now 
a beam of plane-polarized light (see light, 
plane-polarized) is incident normally on a 
face of the section with the plane of vibration 
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of the incident beam making an angle A with 
the optic axis of the crystal, the beam will be 
divided into two components, the ordinary 
and the extraordinary, which travel wdth dif- 
ferent speeds. Ui)on emergence, the two com- 
ponents will, in general, have different phases 
and w'ill combine to form elliptically polarized 
light. If the retardation in phase corresponds 
to an even number of half-wavelengths dif- 
ference in path, the ellipse wull degenerate into 
a line })urallel to the incident plane of vibra- 
tion. If the retardation in phase corresponds 
to an odd miinbcr of half-wavelengths (a half- 
w'ave plate) tlie ellipse will be again a lino, 
but W'ill make an angle 2 A wdth tin* plane of 
vibration of the incident light If the retarda- 
tion corresponds to an odd mimher of quart er- 
w^avelengths (quart (M -wave plate) the emer- 
gent light wdll h(‘ elliptieally polarized If in 
addition A is 4o degrees, circularly-polarized 
light results. 

LIGHT, ENERGY OF. Light is a form of 
energy, and at a w^avelength of 555 millimi- 
crons, one w'att of radiant power gi^es about 
GeSf) lumens of light flux, 

LIGHT-FILTER FACTOR. Light filters ab- 
sorb a part of the incident light and, therefore, 
transmit less than w^as jirescmt before filtra- 
tion. In photography lh(‘ ciuantity of light 
present determines the exfiosure given to the 
emulsion Every filler, therefore, has a filter 
factor thill apiihes to coiiditinus of use and 
is the increase in expo'^siire nece‘^saTy to com- 
pensate for the light absorbed by the filter. 
The filter factor is generally determined by 
the exf) 0 ‘>me increa'-e necessary wdlli the filter 
wdien photographing a neutral gray subject, 
such as a gray scale. 

LIGHT FILTER. A homogeneous optical 
medium Unit is characterized by its absorji- 
tion in certain regions of the speetrum. A 
filter is used to change or eoi trol the total or 
relative cnergv di^ribution of a beam of light. 
In photography a filter may be phiced over 
the light source or in some part of the optical 
path traversed by the light in reaching the 
photographic emuKion, generally over the 
camera lens (See also filter, interference.) 

LIGHT FLUX. F ow of radiant energy com- 
monly measured in mmens. 

LIGHT M(>DULATION. In facsimile, the 
production of a modulated carrier output from 


a phototube by periodically interrupting (at 
a carrier-frequency rate) the variable-intens- 
ity, light beam being transmitted from the 
scanned subject copy. 

LIGHT MODULATOR. The combination 
of a source of light, an appropriate optical 
system, and a means for varying the resulting 
light beam (such as galvanometer or light 
valve), so that a sound track may be pro- 
duced 

LIGHT, MONOCHROMATIC. Light which 
consists of only on^^ wavelength. Actually no 
light IS absolutely monochromatic. The near- 
est aiijiroach is certain lines in the spectrum 
of miTcurv 19^, excited in an clectrodeless dis- 
charge tube Most so-called monoclironiatic 
light, eg, sodium light, is actually a narrow' 
hand of w'avclengths. 

LIGHT-NEGATIVE. Having negative con- 
duct ivity, ie, (leciea'^ing lu electrical con- 
ductivity under the action of light. Most 
photoconductive substances are light-po'-itivi' 

LIGHT, PLANE-POLARIZED. T^ight con- 
sists of electromagnetic waves wnth their elec- 
tric anrl magnetic vectors consiantlv normal 
to the direction of propagation of the light 
If the electric vectors of all comf>oncnts of a 
light-beam lie in the same fixed jdane, the 
light is said to be plane-polarized. 

LIGHT-POSITIVE. Having a photoconduc- 
tivity which increases with an increase of 
light. 

LIGHT PRESSURE. See radiation pressure. 

LIGHT, PROPAGATION OF. Light consists 
of transverse electromagnetic waves propa- 
gated through (*inpty sjiace with a velocity of 
about 2 90770 X 10^® cm/sec. The velocity 
in other media is this figure (velocity in 
vacuo) divided by the index of refraction. 

IJGHT, QUANTUM THEORY OF. When 
light interacts with matter, the energy of the 
light appears to be concentrated in quanta 
called photons, each of which has an amount 
of energy equal to the frequency of the light 
multiplied by the Planck constant, 6.624 X 
10 erg seconds. 

LIGHT, REFLECTION OF. A light ray 
meeting a boundary between two media is 
ordinarily partly- or totally-reflected, so that 
tlie angle of incidence equals the angle of 
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reflection, and both angles lie in the same 
plane normal to the boundary surface. 

LIGHT, REFRACTION OF. When a beam 
of light strikes a boundary between two trans- 
parent isotropic media, tlu' direction of tlie 
beam will be changed according to tlie rela- 
tionship: 

n sill 0 — n' sin 0' 

where n is the index of refraction of th(‘ first 
medium and 0 the angle of incidence, while n' 
is the index of refraction of tlie second nie<hum 
and 6' is tlie angle of refraction. In the case 
that the boundary is not sliarply defined, but 
rather consists of a gradual change in •-ome 
|)ro})crty ot the medium, as for example, be- 
tween two layers of air at different tcanpera- 
tures, the same law holds for each infinites- 
imal change. 

LIGHT SENSITIVE. Possessing photocon- 
ductivity, photovoltaic, or photoelectric emis- 
sion effects, 

LIGHT-SENSITIVE TUBE. See phototube. 

1 IGIIT-SOURCE SCANNING. Synonym 
for flying-spot scanning. 

LIGHT SOURCES, STANDARD. The stand- 
ard sources adopted by t'.T.h], (Intel na- 
tional nommission on llliiinination) in 1931 
are: 

(1 ) A gas filled lam[) ^Mth a colv r tempera- 
ture (see temperature, colorl 281S''K. 

(2) The above lamp with a specified Davis- 
Gibson licpiid filter to convert its color 
temperature to ISOO^K. 

(3) The above lamp with a specified Davis- 
Gibson liquid filter to convei ds color 
temperature to ()5()0°K, 

In 1951, at Stockholm, the C.LE. changed 
the definition of Souice (1) u> read: gas- 

filled tungsten-filament lamp, operated at a 
color temperature of 2S)1^K According to 
the International Temperature Scale of 1948d' 
Earlier standards included the standard can- 
dle, the Hefner amyl acetate lamp, a black 
body at the t^mpi'ratiire of the frtTzing point 
of platinum. A definite dilemma is caused by 
the impossibility of reconciling the desire to 
give heteroehromatic pliotoinetry a thoroughly 
objective status since it is, in fact, basically 
subjective. 


LIGHT-SPOT SCANNER. See flying-spot 
scanner. 

LIGHT, TRANSMITTED. Light that has 
traveled through a medium without being ab- 
sorbed. 

LIGHT VALVE. A de^dce w^hose light trans- 
mission can be made to A'ary in accordance 
w'itli an externally apiilied ('leclrical quantity, 
sucli as voltage, current, electric field, mag- 
iH'tic field, or an electron beam. 

LIGHT, VEI.OCITY OF. See light, propa- 
gation of. 

IJCHT, WAVE THEORY OF. Light is 
shown to have the properti(‘s of weaves by the 
phehoiiK'na of interference and diffraction. 
This is 11(4 in contradiction to the quantum 
theory of lipht, but is a supplement to quan- 
tum theory. 

LIGHTNING. The elerlrical condition of the 
o:u til’s surface and of the atmosphere is quite 
(lilldvnt in stormy wTathor from its nonnal, 
fair-s\eathiT s(ntc Over a level stretch of 
country in fine weather, there is <]istributed 
a negative surface cliaixT estimated at about 
0.00027 electrostatic iim( p('r sq cm or 0.(X)14 
coulomb pen* sq mile. Above tlii*^, the electric 
potential of the atmo^])here increases with 
ele\ation at the rate of about 100 volts per 
in(‘t(*r, the upper atmosphere being, appar- 
ently, pe)-iti\oly charged. The earth, the at- 
mosphere, and the ionosphere thus form a 
\ast condenser, through the dieleetrio of which 
there is constant leaka^'^'* because of ioniza- 
tion What maintains the charges against 
this leakage is not we*ll imdcrstooel. 

LIMIT. A finite number .s* approaclied by a 
sequence if. fo»* every positive number 

€ > 0, there exists a number N such that 
1^ — Stij < c for all n < /V. The sequence is 
then huid to converge, or symbolically, 

Sn s; n — > 00 or 

lim Sn = s. 

n —» -x) 

If the limit does not exist, the sequence 
diverges. 

LIMIT OF RESOLUTION, RAYLEIGH 
CRITERION. See Rayleigh criterion of re- 
solving power. 
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LIMIT OF RESOLUTION (TELESCOPE). 
Using the Rayleigh criterion for the resolution 
of diffraction patterns, it can be shown that 
the limit of ro'-ohition of a telescope with cir- 
cular aperture is given by 

d - 1 .220X/a 

where a is the diameter of the circular aper- 
ture, which limits the beam forming the pri- 
mary image, A is the wav(‘lerigth of the light 
and a is the minimum angle of resolution of 
the telescope. 

IJMITED PROPORTIONALITY, REGION 

OF. The pai’t of the characteristic curve of 
pulse size versus voltage in which the gas 
amplification depends on the number of ions 
produced in the initial ionizing event, and also 
on the voltage. Used in connection with 
counters (1). 

LIMITED STABILITY (CONDITIONAL 
STABILITY). In communications, a property 
of a system characterized by stability when 
the injHit .'^ignal falls within a particular 
range, and by instability when the signal falls 
outside this range. 

LIMITER. A transducer whose output is 
constant for all inputs above a critical value. 
A limiter may be used to remove amplitu<le 
modulation and transmit angle modulation 
(see modulation, amplitude; and modulation, 
angle). (2) In television, the last I-F stage 
for two) in an F-M receiver. The purpose 
of this stage is to eliminate all amplitude dis- 
tortion, or variation in the F-M signal. 

LIMITER CIRCUIT. A circuit which pro- 
vides limiting. 

LIMITER, DOUBLE. Two limiters in cas- 
cade. 

LIMITING. In conimunications, the action 
perfonned upon a signal by a limiter. 

LIMITING CURVES. Any line on a phase 
diagram, or other graphical representation of 
the conditions of a system, at which two 
phases are coexistent. Usually these limiting 
curves are the plotted curves that separate 
phases. 

LIMITING DENSI^PY. The value which the 
density ot a gas a})proaches as its pressure- 
volume relationship approaches the constant 


value (at constant temperature) of an ideal 
gas. 

LINDE METHOD. See low temperature. 

LINDECK POTENTIOMETER. See poten- 
tiometcr, Lindcck. 

LINDEMANN ELECTROMETER. See elec- 
trometer, Lindemann. 

LINE. (1) The path described by a moving 
point. If, as is generally meant, the line is 
straight, its equation in a plane and in rec- 
tangular coordinates is Ax + By + C = 0, 
which is a degenerate conic. Other forms of 
its equation are: (a) y — mx + b, where m 
is the slope and b the ^-intercept; (b) x/a + 
y/l) = U where (i,b are the T,?/-intercopts, re- 
spectively; fc) y — iji — ni{x — .Ti), where 
f.rj,?yO is a point on the lino; (d) (y — yi)/ 
— Jh) ~ (x — Xi)/(X 2 — Xi), where (Xa, 
7 / 0 ) is another point on the line; (e) x cos 
0 + y ^^in 0 ~~ p, whore the perpendicular from 
the origin to the lino ha*^ length p and makes 
an angle 0 with the A"-axis. ^ 

If the straight line is located in a three- 
dimensional rectangular coordinate systcMU, 
its equation ma} be taken as 

(x - Xi)/A (y - yi)/p ^ {z - 2j)A 

or 

(x - x,)/(x 2 - xi) = (// - yi)/{y 2 ~ yi) 

^ iz - Z^)/(Z2 - 2i), 

where (xi,^!,^!), (X 2 ,?/ 2 ,C 2 ) arc points on the 
lino and A, /x, v arc its direction cosines or 
numbers pro})ortioiial to them. A straight 
line in space is also determined by th(‘ ('qua- 
tions of two planes int(‘rsecting to form the 
given line. (2) A system for transfer ot elec- 
trical tmergy between two points of an elec- 
tric circuit. (3) A horizontal scanning-ele- 
ment in a facsimile or television system. 

LINE(S), ACTIVE. In television, in scan- 
ning an image, those lines that arc responsible 
for imparting the information of the image. 
The beam is inactive when moving rapidly 
from rigid to left, or from the bottom of the 
picture to the top. 

LINE-BALANCE CONVERTER. See balun. 

LINE, DISSIPATIONLESS. An ideal trans- 
mission line with zero scries resistance and 
zero shunt conductance. 
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LINE EQUALIZER. See equalizer, line. 

LINE, FLAT. A iion-rosonaiit line. (See 

line, non>resonant.) 

LINE FLYBACK. Sec horizontal retrace. 

LINE, FORBIDDEN. A spectral line pro- 
duced by a forbidden transition. 

LINE FREQUENCY. See frequency, line. 

LINE HYDROPHONE. See hydrophone, 
line. 

LINE LEVEL. See level and volume level. 

LINE, LOW-LOSS. A transmission line witli 
small amounts of power dissii)ation per unit 
len^^th. 

LINE MICROPHONE. Sec microphone, 
line. 

IJNE, NON-RESONANT. A transmission 
line tcnninaled at the rcccivinp; end by iis 
characteristic impedance. In this state, 
standing weaves do not exist on the line. 

LINE OF FORCE (ELECTRIC FIELD). 
S'^e field, electric; field, magnetic; and fields 
of force. 

LINE(S) OF FORCE, THEOREMS OF. See 
lines of induction; fields vector; the Gauss 
law. 

LINE(S) OF INDUCTION. T ^ original 
concept attributing phV'ieal rcali.y to lines 
of force led to h])ejiking of lines of induction, 
whereas wc now speak just of induction, but 
in engineeiing often use the line as a unit of 
measure. A lino of flux is a maxwell (10 
weber), tlie unit of flux in the cgs system. 

LINE OF NODES. See node. 

LINE PAD. In broadcasting, a rcsistancc- 
atcenuation network, or pad, 'whinh is in- 
serted }>etween the progrrm amplifier and the 
transmission line to Ih- transmitter. The 
purpose of this pad is to isolate the output of 
the amplifier from the impedance variations 
of the line. 

LINE PAIR. In spectroscopy, an analytical 
line and the internal standard lino with which 
it is compared. 

LINE, PARALLEL-WIRE. A transmission 
lino composed of two parallel wires. 


LINE SPECTRUM. See spectrum, line. 

LINE SQUALL. P]xtreniely turbulent, roll- 
type, squall cloud usually found at the lead- 
ing edge of squall lines associated with rap- 
idly moving cold fronts. 

LINE-STABILIZED OSCILLATOR. An 
oscillator whose frequency is controlled by a 
section of high Q transmission line. 

LINE STRETCHER. A section of wave- 
guide whose physical length is variable. 

LINE SYNCHRONIZING PULSE. In tele- 
vision, the horizontal synchronizing signal. 

LINE WIDTH. A me isure of the spread in 
wavelength (or energy) of radiation that is 
normally charact6‘rizeu by a single wavelength 
(or eiurgy) value. In practice, tlic width is 
usually measured at one-half the maximum 
intensity of the lino. (See level width; Dop- 
pler broadening; line spectrum.) 

LINE WIDTH, MAGNETIC RESONANCE. 

In magnetic rf'sonaiice ex]>eriments, the width 
of tlH‘ a))sorption lines 'lopends on the inter- 
actions of the spins with each other and with 
the crystal lattice'. It may be measured by 
tiie ratalom fliuduating magnetic field exerted 
on a s[)in by^ its neighbors, i.e., is of the or- 
d<*r of 

A// = ju 'a*" 

where /j is the magnetic moment of t-ach spin 
and a is the interatomic spacing. In liquids, 
however, the motion of the molecules is so 
rapid that this etic'ct average's out to nearly 
zero. The line wid+h in ferromagnetic reso- 
nance is anomalously large. 

LINE WIDTH, NOMINAL. In television, 
the reciprocal of tlic nuinher of lines jicr unit 
length in the direction of line progression. 

LINEAR. Ciiveii the quantities Xj, x-j, X3, 
a linear combination of them is 
aiXi -f- a‘jX2 + • • • + OnX„. Tlie quantities Xi 
arc linearly dependent provided that one of 
them is a linear combination of the others; 
otherwise, they^ are linearly independent. The 
test for such dependence may be made by 
means of the Gram determinant or the Wrons- 
kian. For other uses of linear see equation, 
linear and transformation, linear. 

LINEAR ABSORPTION COEFFICIENT. 
See absorption coefficient, linear. 
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LINEAR ACCELERATOR (HANSEN). A 

device which accelerates electrons to high en- 
ergies. A copper tube is divided into a num- 
ber of sections by iiicanb of disks, with holes 
in the center, placed at increasing intervals 
along the tube Pulsed oscillations of ex- 
tremely high frequency are introduced, and 
the wavelength of a given phase is deter- 
mined by the distance between the disks in 
the tube. Since these distances increase regu- 
larly, the wavelength, h(‘nce the phase veloc- 
ity, also increases, the frc(iuency remaining 
constant. Electrons entering the tube with 
the forward phase of the \\a\e always remain 
in phase with the traveling wave and hence 
steadily increase in energy as they progress 
down the tube. 

LINEAR ACCELERATOR (M.I.T.). A lin- 
ear aceelerator for the jwoduction of high en- 
ergy electrons, •similar to the Hansen type 
(See linear accelerator (Hansen).) 


The total linear magnification of the sys- 
tem is then the products of the magnifications 
of the parts. 

LINEAR PASSIVE ELECTRIC NETWORK. 
See network, linear passive electric. 

LINEAR POWER, AMPLIFIER. See ampli- 
fier, linear power. 

LINEAR RANGE. See range. 

LINEAR RECTIFIER. See rectifier, linear. 

LINEAR TRANSDUCER. See transducer, 
linear. 

LINEAR VARYING-PARAMETER NET- 
WORK. A linear network (see network, lin- 
ear) m wliieli one or more parameters vary 
with time. 

LINEAR VECTOR FUNCTION. See vector 
function; dyadic. 


LINEAR ACCELERATOR (SLOAN AND 
LAWRENCE). A (l('\iee for the production 
of high-energy positive ions It eonsi'^ts es- 
sentially of a numher of cylinders, of increas- 
ing length, airang('cl in a straiglit hue, alter- 
nate cylinders being connected toge^ther to the 
terminals of a hiah frequency oscillator In 
traversing the gap between cylinders, ions be- 
come accelerated, and if the length of the 
cylinders is such that tlie ions reach the next 
gap in phase with the high- free luency oscilla- 
tions, the ions acquire additional energy each 
time they pass from one cylinder to the next. 

LINEAR AMPLIFIER. A pulse amplifier in 

which the output pulse heiglit i- proportional 
to an input pulse height for a given pulse 
shape up to a point at whieh tlie amplifier 
overloads. 

LINEAR ARRAY. See array, linear. 

LINEAR DISTORTION. Any form of dis- 
tortion which is independent of the amplitude 
of the signal. 

LINEAR MAGNIFICATION. For each op- 
tical surface in a system, the linear size of 
the im.age, /<, is 1. the linear size of the ob- 
ject, 0<, as is tl e dstance of the image, Qiy 
to the distance of the object, 

Ii/0^ = Q^/P^ = mi. 


LINEARITY CONTROL. (1) In cathode- 
ray tube equipment, an adjustment that tends 
to connect any distortion m the sawtooth cur- 
rent or loltage waves u^cd for deflection (2) 
In tch'vision, a conirol which \arics the dis- 
tnhulbOii of scanning speed tlnoughout the 
trace interval. 

IJNEARLY POLARIZED SOUND WAVE. 
Pee sound wave, plane polarized. 

LINEARLY POLARIZED WAVE. See 
wave, linearly polarized. 

LINGERING PERIOD. The length of time 
which an election rcniains in its orbit of 
hlghe^t excitation (highest energy level) be- 
fore ivimping lo a lower orbit, and radiating 
the difference in energy. 

LINK COUPLING. A rather common sys- 
tem of inductive coupling used in radio trans- 
mitter circuits. The diagram is almost self- 



Link-coupled tank circuits 


explanatory, the primary circuit has a cou- 
pling winding of a few turns coupled to it, this 
being connected by a short transmission line 
to a similar coil inductively coupled to the 
second circuit. (See also coupled circuits.) 
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LINK MECHANISM. A system of rigid 
members joined together with constraints 
such that motion can be both amplified and 
changed in direction. 

LINK NEUTRALIZATION. Neutralization 
accomplished in tuned, radio-frcqucncy am- 
plifiers by emf)loying a pair of coupling links 
to feed energy from the output to tlie input. 

LINKAGE. The bond used in constitutional 
formulas to represent one valency. Double 
and triple linkings refer to double and triple 
bonds. See the various terms under bond 
for definitions of many ty])es of linkages, and 
their dcscrijitions in terms of concefitions of 
molecular structure. 


hence the solution of the integral equation be- 
comes 

<l>{x) = f{x) +- X jKix,z;\)fiz)dz. 

The Voltcrra equations are solved similarly. 

LIOUVILLE THEOREM. (1) If f{z), a 
function of the complex variable, has no 
singular point for z finite or mfiintc, tlicn 
/(£) IS a constant. (2) A theorem mi're fa- 
miliar to tlu' jihy^-icist and known the 
same name (kcuis in stjtislical mechanics, 
and stall's that all eh'inents of ecpial volume 
m phase space have i.r|ual a priori lu’oliabili- 
(i(‘s This staii’TiK'nt is a eonseiiueiu e of the 
ergodie hypotheses. 


LINKAGE, CATENARY. The linking of 
molecules to one another end to end, as oc- 
curs when amino acids unite to form jioly- 
peptides. 

LINKAGE, SINGLET. A valence bond be- 
tween two atoms which consisfs of a single 
electron. This linkage can cmsI only under 
rather exceptional eireumstancos, as ^^here 
tlic electron may resonate between a po'-ition 
close lo one atom and one elo^e 1o tlic other, 
and this condition wmuld rcfiuire hitle, if nnv, 
diflcK'nee in onoigv between irs (wo jiositions. 

TJOUVnj.E-NEUMANN SERIES. An in- 

finiti' siTii's 

00 

n 0 

wdiich is a unique, continuous solution of a 
Fredholm integral equation of the sccoi d 
kind. If the ?ilh iterated kernel is ^hTmed a'^ 

Kn{r,z) = 


//■■/ 


/V( 


••• 


K{ji„ i,z)dyxdy‘2 ■ ■ ■ 


then 

4>nU) ^ ^ K„(x,z')f(z)dz. 

The resolvent or solving kernel is given by 
00 

K{x,z-?0 = E 

n*0 


UP MICROPHONE. Sec' microphone, lip. 

LIPPICH PRISM. See prism, Lippich. 

LTPPMANN FRINGES. A film of special 
fiiif^-graiiu'd photogiaphic emulsion is backed 
by nan'iiiy, which serves as a reflector. 
Monoehromatie light fading normally upon 
the film and reflecl^rl by the merciiiy gives 
use to interference in stationary waves whose 
nodes and antinodcs aie in plain's ])Hrallel to 
th(' reflector A+ the antinodcs the photo- 
graphic action is a rnaxiinum, while at the 
nodes there is none Ifi'uce wdien the film is 
developed (he silver deposits m layers eorre- 
ponding to the antinode-, oni'-half w^ave- 
length apart The laminar stmeture, there- 
fore, depends upon the color of the light. 

LIQUEFACTION. Trensformation (phase 
change) to the lH|uid slate; commonly, the 
change from the gaseous to the liquid state, 
paihcularly of suhslaneos that are gaseous at 
normal tem])eratures and pressures. 

IJQITEFACTION OF GASES. See low tem- 
perature. 

LIQUID. Matter in a fluid state but rcia- 
tiM'ly iricompiThsible. An ideal liquid offers 
no pcimnnent resistance to a shear stress but 
is incenqiressible It has then a constant vol- 
ume ancl incompletely fills any container of 
less than this volume. A real liquid is appre- 
ciably compressible, and the li.iuid state of a 
substance might be defined as the denser, and 
less compressible, phase of the tw'o-phase 
fluid system w^hich can exist in equilibrium at 
temperatures below the critical temperature. 
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LIQUID AS AN IMPERFECT GAS. Par- 
ticularly at teniporatiiros near the critical 
temperature, it is j^os&ible to regard a liquid 
as essentially a gas whoso molecules have a 
finite volume and attract one another The 
molecules are in no way ordered, and the 
equation of state rc&embles the van der Waal 
equation. 

LIQUID AS AN IMPERFECT SOLID. Par- 
ticularly in the noighboiliood of the melting- 
point, tlie arrangement of molecules in a liq- 
uid shows a degree of short-range order. In 
these conditions, shear flow of the liquid re- 
sembles closel}" the high temperature creep 
of crystalline solids. A number of thcoTies 
of (he liquid state have this concept as their 
stalling point. 

LIQUID, ASSOCIATED. A liquid contain- 
ing associated molecule^?, a^ watc'r is bcflioved 
to contain associated groiqis sucli as (TLOlo, 
etc , due possit)]y to the fr)rniation of hydro- 
gen bonds between IT/) molecules. Polar 
liquids associate readily. 

LIQUID, COMPT.EX. A liquid in vhich the 
rate of shear is not simply a linear function 
of the shearing strc'^s. The simplest form 
of a complex liquid is jirobably a Maxwellian 
fluid (see fluid, Maxwellian) which behaves 
elastically for stresses of short duration but 
viscously for stres^^os of long duration. 

LIQUID CRYSTALS. A term applied by 
Lehmann to liquids wdiich arc doubly-refract- 
ing and in wliich give interference patterns 
in polarized light An example is the turbid 
liquid formed on melting cholesteryl benzoate. 
Solutions of other large organic molecules also 
exhibit birefringence, particularly those parts 
of the solution near the walls or those under- 
going shear. Tins cfTect is due to the tend- 
ency of the solute molecules to assemble in 
large “swarms/' all oriented parallel to one 
another, and so leading to an anisotropic be- 
havior. When there is a velocity gradient 
with lamellar flow, and in layers of the liquid 
of the same order as the cliain lengths, this 
anisotropy is most pronounced. The long- 
range order is one of orientation only. (See 
also mesomorphic state.) 

LIQUID-DROP IsUCLEAR MODEL. A 

hypothesis due to Bohr and Wheeler in which 
the fission of an atomic nucleus is treated by 


analogy with the deformation and splitting 
of a liquid drop. 

LIQUID, “KINETIC THEORY” ELASTIC- 
ITY OF. See “kinetic theory” elasticity of 
liquid. 

LIQUID JUNCTION. To avoid the un- 
known liquid junction potential in measur- 
ing the potential of a half-cell against a ref- 
erence electrode, the two half-cells arc fre- 
quently connected via a salt bridge, usually 
a concentrated solution of potassium chlo- 
ride Since its ar^ion and cation have almost 
the same velocity, a negligible diffusion po- 
tential is set up across the liquid junctions at 
the ends of the bridge. 

LIQUID JUNCTION POTENTIAL OR DIF- 
FUSION POTENTIAL. The potential dif- 
forenc(^ across the boundary between aqueous 
‘^elutions of an electrolylc at diffc'rcnt concori- 
tialious, or bet\\('cn atpicoiis solutions of dif- 
ferent electrolytes. 

LIQUID, NORMAL. Also called a non- 
polar or nonassoriatod liquid It is a liquid 
in which the molecules do not aggrf‘gate or 
form coordinate bonds. 

LIQUID, POLAR. A iKjuid whose molecules 
ha\o dipole moment^. 

LIQUIDS, INTERMOLECULAR DIS- 
TANCE IN. Although ordinary liquids ex- 
pand on melting, tlie increase in volume is 
due not so much to an increase m the sepa- 
ration of a moler*u]e from its nearest neigh- 
l)Ors as to a d(MTease m the number of its 
nearest neighbors. The distribution of intcr- 
inoleeular distance may i)e s])ccified by the 
radial distribution function. At higher tem- 
peratures, short range order disappears and 
intermolecular distances do increase. 

LIQUIDS, LOOSE PACKING IN. The con- 
cept of a liquid as an imperfect crystal re- 
quires that the molecules in a liquid are 
packed sufficieiiUy loosely for comparatively 
free mo’vcment, i.e., the energy required to 
move a molecule from a lattice site to a va- 
cant space is not large compared with thermal 
energies. 

LIQUIDS, SHORT RANGE ORDER IN. 

At temperatures not far removed from the 
melting-point, the crystalline structure of the 
solid persists over volumes comparable with 
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the intermolecular distances, but cannot be 
traced beyond. This local or short-range or- 
der means that the average molecule is at any 
moment surrounded by a number of mole- 
cules occupying nearly the same relative po- 
sitions as they would in the solid state. The 
degree of short-range order is described by 
the radial distribution function. 

LIQUIDS, STRUCTURE OF. X-ray diflFrac- 
tion experimeiils show tliat, near the melting- 
point, the molecules of a liquid show a con- 
siderable degree of short-range order and 
that, in small volumes, they are arranged 
much as in a solid crystal. In larger \ olumes 
the order is less evident and the liquid is 
sometimes seen as a collection of molecular 
clusters, r‘ach being a ‘-mall imperfect crystal 
The volume of the lifiuid in thih state (lo(‘s not 
greatly exceed that of the solid, the ('xtra 
\olume Ix'ing r('(|iiire(l to i)ro\i(l(' xacant ‘-ite^- 
in the lattice \\liich ])er?nit fice How At 
much higher tenqieratures and lower densi- 
ties, the short range order disapyiears, and the 
licpiid may l>e treated as a highly condensed 
gas. 

LIQUIDUS CURVE. In a tomp(M‘ature-con- 
e(Mit ration diagram, tin* line coiinf'cting the 
ti'inperatures at whicli fusion is just oom- 
pl('<ed lor the various eompo'-irions. 

LISOLOID. A colloidal sysleni made up of 
a liciuid jihase surrounded by a soli ’ phase. 

LISSAJOUS FIGURES. When two sine 
waves, varying about axes at rigl\t angles, 
are combined the re^-ultant figure is no long(T 
a sine wave but varies with the n-lative timo 
phase of the waves and with th<'ir relati/j 
frequency. For example, if the w' \ s have 
the same frequency the resultant is a straight 
line wiien they are in time phase (or 180° 
out of pliase) and is an f’lli])sc for all other 
values of phase position. For equal ampli- 
tudes of the original wa’> ( s and 90° phase the 
ellipse is the special case of the circle. If the 
frequencies of the two weaves are not the same 
the resultant becomes more complicated but 
gives a definite pattern w^henevc^’ the fre- 
quencies are in the ratio of whole numbers to 
one another. The figui-e show's a graphical 
construction for a frequency ratio of 1:2. 

Such figures are obtained w'hen the re- 
sultant motion of two simple harmonic mo- 
tions at right angles to each other is exam- 


ined. The figures can be produced in a cath- 
ode-ray tube by supplying each deflection- 
circuit w'ith harmonically-rclatcd voltages. 
The figures arc used thus for pliasc and fre- 
quency measurements. 



LITER, The unit of A'olnnie in the metric 
system, defined ns the volume of one kilogram 
of water at 1°(\ and one atmosphere pres- 
sure. 

1 liter = 1000 inilliliiers 
1 liter = lOOO.OJS cubic e(‘ntimeters 
1 liter = o3 S2 fluid ounces. 

LITER ATMOSPITERE. V unit of work de- 

Jiiied as the woi’k done in rai-^ing a piston of 
one square decimeter area one decimeter in a 
cylinder against a pressure of one 
jiherc. 

1 liter-atmosphere - 24 2^ gram calorics. 

LITTROW MOUNTING OF PRISM AND 
PLANE MIRROR. A ])lano mirror is mounted 
nearly normal to the radiation emerging from 
the di«i)ersing pri.sm in a prism spectrometer, 
so that the radiation having passed through 
the prism is reflected and p^ls^cs again through 
the prism. The speetmm is scanned by ro- 
tating the Littrow mirror instead of the prism, 
as in some other mountings. 

LITTROW PRISM. See prism, Littrow. 
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LITZ WIRE. Fine-stranded wire in which 
each strand is individually insulated. It has 
reduced skin effect, and tlius lower resistance 
at radio frequencies than other forms of wire 
of equivalent size. 

LIVE ROOM. A room which is character- 
ized by an unusually small amount of sound 
absorption, or stated conversely, a room that 
has an appreciable reverberation time. 

LLOYD MIRROR. Li^ht from a slit is re- 
flected at nearly the f^razin" anp;le from a 
plane mirror. An interference pattern is 
formed on a screen between the lieht thus 
reflected and li^:ht which passes directly from 
the slit to the screen For a screen in contact 
with the end of the mirror, very near the 
point of contact \\here the two lie,ht-]>aths 
are ever so nearly tlie ^aine, an interference 
miniiniini is found indicating tfiat a phase 
reversal has occurred in the reflected liglil 

LLOYD MIRROR EFFECT IN ACOUS- 
TICS. De^t ruetive interference near an in- 
terface between a sound source located clo^e 
to the interface and its effective image just 
beyond the interface. 

LO. Abbreviation for local oscillator. 

LOAD. (IJ Any force wliieh is supported 
by a body is called a load. The forces which 
in turn support the given body are called re- 
actions. A concent rated load is a theoretical 
force* having a contact area n(*gligihly small 
compared with the area of the surface of the 
bofly upon which the force acts. A distrib- 
uted load IS one whose ai'ca of contact covers, 
wtn)lly or partially, the aiea of the vapi^rtiiig 
surface of the body l^i^^trihiiied loads are 
unifonn if the intensity is the same for each 
unit of area eovere<l bv the load. When this 
intensity varies, the distrihut('d load is non- 
uniform. (2) In communications, the load is 
the signal powder delnered fiy a transducer, 
or the element to which it is dtflivered. (3) 
In induction heating and dielectric heating 
usage, the material to he heated, or the charge. 

LOAD, CAPACITATIVE. See capacitative 
load. 

LOAD (DYNAMIC) CHARACTERISTIC 
(OF AN ELECTRON TUBE CONNECTED 
IN A SPECIFIED OPERATING CIRCUIT, 
AT A SPrCIFIED FREQUENCY). A rela- 
tion, usually represented by a graph, between 


the instantaneous value of a pair of variables 
such as electrode voltage and electrode cur- 
rent, when all direct, electrode supply-voltages 
are maintained constant. 

LOAD CIRCUIT. (1) The complete circuit 
required to transfer power from a source, such 
as an electron tube, to a load. (2) In induc- 
tion heating and dielectric heating usage, the 
network including leads conneeted to the out- 
put terminals of a generator. The load cir- 
cuit consists of the coujiling nctwairk and the 
load material at the proper position for heat- 
ing. 

LOAD CIRCUIT A-C SUPPLY VOLTAGE. 

The a~c ^ oltage source, appearing in the out- 
put circuit of a magnetic amplifier, the func- 
tion of which i^ to supply powcT to the load 
duiiiig (‘ouducting interviils of the cycle. In 
general, this \oltag(' source also tlie gate 
ciKuit a-c ^ol^ag(‘ source*. 

LOAD CIRCUIT EFFICIENCY. (1) The* 
ratio hetween usciul |)ow(r (l(Ii\(‘ted by the 
load circuit to tin* load and th(‘ load- (anode-) 
circuit power input. (2) In induction heat- 
ing and dielectric heating usag(*, tlu* ratio of 
the power absorbed by the load to thi* ])owa*r 
delivued at the generator output t( nuinals 

I.OAD.CIRCUIT POWER INPUT. The 

power deliv(*red to the load circuit. It is llu* 
])rofluct of the alternating ooinpoiient of the 
\oItago across the load cucuit, the alt(‘rnating 
component of the current passing through it 
(both root-nu an-s(|uarc vahu's), ami tlu* 
l)ower factor associated with these tw’o quaii- 
titie.s. 

LOAD COIL. In induction heating usage, 
an electric conductor wdiich, wdien eriergi/ed 
with alt(‘rnating current, is adajited to de- 
liver (*ii(‘rgy by induction to a charge to he 
heated. 

LOAD IMPEDANCE. The impedance pre- 
sented by the load to a transducer. 

LOAD, INDUCTIVE. See inductive load. 

LOAD LEADS. In induction and dielectric 
heating usage, the connections or transmis‘?ion 
line between the power source or generator 

and load, load coil or applicator. 

LOAD-LINE METHOD. A method ap- 
plicable to the solution of many non-linear 
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circuit problems. As an example, the method 
will be used to evaluate tlie d-c plate voltage 



Fig 1 ''liioiio amplifit r ciuiiU ( pt iinis^-ion 
littm “Fkr‘lToni( b” hy \\illi.un^, ( oi)viij;lit 19515, D 
Van 111(1 C\) , Iu( ) 

and currenl in the inode ainjdifu'r rircuil 
shown in Fi<),nre 1. Tlic voltage equation for 
the plate eiiTiiii is 

lih ~ H or J^j f) hi) f 

If /p IS plotted against Kp as shown in Fig- 
iiie 2, the result w dl he a straiglit line with 
mlercepth on tlie E-iix'ib and Eh^/Rj, on 
the /-a\is. On the same grapl’ eliai .ict(*iisric 
ounes Ip v^. Ep {E,j - eon^tant ) for the par- 
ticular tiib(' may al'^o he on, (ructed. The 
iiiterscction of a gi\cn characteristic curve 



Fip. 2 Loa 1-linc nuthod ii^otl io cvaliiMo ]dale 
cLiiient a-Jid ida<c \(jltaue fo'* lodt iiniphfier curuit 
iicniission hem '“Flee I’ In \\ tlluiin.s, 

Ckipyii^lit 1953, 1) Van \ostiaiid ('o, Inc) 

and the stiaight line gives the plate current 
and plate voltage to be ('Xfiectcd for a given 
grid voltage. The metliod will work equally 
well for other vacuum tubes, phototubes, 
transistors, thermistors, etc., where one set of 
circuit paramct( rs arc non-linear to the ex- 
tent that they may only be exiiressed accu- 
rately by graphs. 


LOAD MATCHING. (1) Maximum power is 
delivered to a load w^hen the impedance of 
the generator is the image impedance of the 
load. The adjustment of a circuit to provide 
iliib coAdilion is called load matching (2) In 
induction heating and dielociric healing usage^ 
the process of adjustment of the load circuit 
impedance to produce the desired energy 
transfir from the powTr source to the load. 

LOAD MATCHING NETWORK. In in- 
duction and dielectric heating usage, au elec- 
tric netw^ork lor accomplishing load match- 
ing. 

LOAD MATCHING SWITCH. In induc- 
tion and dielectric heatmg U‘-age, a switch 
in the load matching network to alter its 
chai;fcterisfics to compensalc for some sud- 
d(‘n chaiig(‘ in the load chaiacteristics, such 
a*' i^assing Ihrough the Curie point. 

LOAD SWITCH (LOAD CONTACTOR). 

The s\\)irli or coubudor lu an induetion heat- 
ing ciicmt w’hicli connects the high-frequency 
g( Herat or or power source to the load coil or 
load circuit. 

LOAD TRANSFER SWITCH. A switch to 
connect a generator or powei --ource option- 
ally to one or anoihcT load circuit. 

lOAD WINDING. Synonym for gate wind- 
ing. 

LOADED APPLICATOR IMPEDANCE, 
in dielecti-ic heating usa'j:(\ the complex im- 
j)e(lance nu'asured at tin* ]ioinl of application 
with the load mateiial at Mic i)ioper portion 
for heating, at a specified fiecpiency. 

LOADED IMPEDANCE. See impedance, 
loaded. 

LOADED MOTIONAL IMPEDANCE. See 
impedance, motional. 

lOADING COIL. (1) An inductance in- 
SCI ted ai regular inteiw als along a long trans- 
mission line or cable to increase the line’s 
characteristic impedance (see impedance, 
characteristic) and i educe its attenuation 
constant. (2) An inductance inserted in series 
wuth an antenna to increase its electrical 
length. 

LOBE, MAJOR (BEAM). The radiation 
lobe containing the direction of maximum ra- 
diation. 
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LOBE, MINOR. Any lobe except the major 
lobe. 

LOBE SWITCHING. A form of scanning 

in which the direction of maximum radiation 
ia awitched iieriodically through two or more 
directions. 

LOCAL CONTROL. See control, local. 

LOCAL OSCILLATOR. The oscillator in a 
superheterodyne receiver whicl) supplies the 
frequency to the mixer nccessaiy to hetero- 
dyne the original signal frecjuency down to 
the desired intermediate frequency. The ele- 
ments for this oscillator may be in the same 
envelope as the mixer. 

LOCALIZATION. Tlie identification pf the 
apparent direction of a <3ound source by means 

of binaural effects. 

LOCKED GROOVE.. See eccentric groove. 

LOCK-IN AMPLIEIER. See detector, syn- 
chronous. 

LOCKOVER CIRCUIT. (Vdloqiiialism for a 
bistable circuit. 

LOCTAL BASE. See loktal base. 

LOCUS. A system of points, lines, or curves 
satisfying given eondition^. The locus of an 
0 (iuation is tliiiN (Ik* M‘t of all points which 
^atl'^fy the ecjiiation. 

I.OGARITHM. If B is an arbitral ily cho'-en 
number greater tlian unity, then the logarithm 
L of any other number N is defined by A’’ — 

] L - log/i N. The chosen number /> is 
the base of the system of logarithms For 
any base, log/* 1-0; logAi B = 1. The funda- 
mental properties of logarithms are 

log ah = log a + log />; 

log a/b = log a — log />; 

log a” = n log a 

where a, b are positive numbers and n may 
be greater than unity or less than unity (thus 
a powder or a root of the number, rational or 
irrational). Two systems of logarithms are 
generally used. (See logarithm, common and 
logarithm, natuial.) 

LOGARmiM, COMMON. A system of 
logarithms to the base 10. Also called Briggs 
logarithms, they are particularly useful for 


numerical computation. The common loga- 
rithm of a number N could be indicated by 
logio ^ but the notation log N is more usual. 
Since any number may be written in the form 
N = 10” X M, w^here r? is an integer, positive 
or negative, its common logarithm is log A' = 
n -f log M. The first part of this sum is Ihc 
characteristic of the logarithm and it may be 
obtained by inspection of the given number. 
The second part, called the mantissa, is an 
irrational number, less than unity and usually 
given in decimal form. Tables of the maiitis- 
vas of common logarithms arc available with 
four, five, six, etc , significant figures so that 
any required accuracy can be obtained in nu- 
merical calculations. 

LOGARITHM, NATURAL. A system of 
logarithms to the irrational base c - 
2.71828- •*. ll is also called tlie Napierian 
or hyperbolic system. Such logarithm^ occur 
as the result of ditfcrentiation, int('gratmn, 
(‘tc., and lh('y often appear in ecjuations rep- 
resenting ])hvsieal phenomena but eommon 
logarithm'- aie more eouvenj(*nt ff)r mimeneal 
eomputation. Instead of the more exaet svm- 
bol log, V, the abbreviated notation In N is 
eu‘-tomarv. The modulus of the (‘ommon sys- 
tem iclativc to the natural system of loga- 
rithm^ is log e ■= 0.4812b4--‘ and, inversely 
the modulus of the natural system is In 
10- 2 802.185 . (''onversion of one system 

of logaiithms to another is made from the re- 
lations log y = 0431294- •• In AT; In N = 
2.302585 • • lug N. 

LOGARITHMIC DECREMENT. For oscil- 
lations of a dLssipalive system, ih(* logaritli- 
mic deei'('mcjit is tlu' logfirithm to the base c 
ol the ratio of two siiecesMve amplitudes It 
IS equal to (B '2ni)T wdiere B is the (|•ml])mg 
eoeffieicnt, ?//, the mass, T, the ])(Miod of free 
oscillations, Ai, Ao arc huccesshe anqilitudes 
(A 2 the later). The logaritlimic decrement is 
also used in other than mechanical systems 
(See damped oscillation.) 


This is sometimes called simply the decre- 
ment. 

LOGARITHMIC DECREMENT OF CIR- 
CUIT. See circuit, logarithmic decrement of. 
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LOGARITHMIC DIFFERENTIATION. 

Sonielirnes a derivative is found most easily 
by taking logarithms on both sides of the de- 
fining functional equation and then diffcren- 
tinting. The result of logarithmic differentia- 
tion is d In / ~ df/f 

LOGARITHMIC ENERGY DECREMENT. 

Tlie mean value of the increu'^e in lethargy 
pel collision. 

LOKTAL BASE. An eight-pin tube-base 
having pins which extend directly (hiough t!ie 
tube’s envelope. Us most distinctive leature 
is the metallic, center guide-post wliich is de- 
sifj’ned to lock the base tiglilly in place when 
])laced in an ajipropriate socket. 

LOKTAL TUBE. An electron tube with a 
loktal base. 

LONDON DIPOLE THEORY. A theory 
that accounts for the altra(‘tive forces be- 
tween molcHule^ by considcTing the mteiMc- 
tions between th(^ instantaneous dipole mo- 
ments of the molecules Uy coiisideiing the 
first order pcituibation, it is showui tliat the 
Intel act ion eneigy vanes inversi'ly as the 
sixth power of tlu* distanee lx tween the iiiolc- 
cul(‘s London forces.) 

I.ONDON EQUATIONS. Modifications of 
the efiuatiom ol I'lectrodynamics to describe 
the phenomen‘1 of superconductivi* /. They 
may be written 

dj 

E — A - ; c cml Aj - —II 
dt 

w^hcre E and II are the macroscopic electrn* 
and magnetic fields, j is the clectn urreut 
vector, and A -- in/ne^y n being the number of 
superconducting electrons per unit volume. 
(niy e, ma&s and chaige of electron, r, xTlocity 
of light). 

LONDON FORCES. Foi^es due to mutual 
perturbations of the electron clouds of two 
atoms or inoleoiiles w'hich, wdien the molecules 
are in their ground electronic states, arc al- 
ways attractive The principal part of these 
forces is due to interactions between the in- 
stantaneous dipole moments and gives a po- 
tential energy varying inversely as the sixth 
power of the molecular separation. (See also 
van der Waals forces.) 


LONG-LINE EFFECT. When an oscillator 

is tightly coupled to a load through a trans* 
mission line wiiich is very long in comparison 
with its wavelength, erratic operation may 
occur. • The o^cillato^ admittance, plus the 
admittance of the long line and load, may 
cause se\eral frequencies to be equally suit- 
able for oscilhdion. Therefore, when the os- 
cillator ih o])erating at one frcciuency, and is 
loaded at this ^recjuency, it may jump to a 
nearby fref|uoncy wdicro its powx*r output will 
be less The oscillator may be said to be 
fTe<iii(‘ucy-senMtive. 

LONG RANGE ORDER. A sysiem may be 
said to jios^ess long range order if it is pos- 
sil)lc to assign lettius A, B, T, etc. to the 
sites pf the lattice in smh a way that there is 
a great(‘r probability oj finding an atom of 
type A on mi A-siie, of type B on a B-site. 
and so on, than any other ai i angeincnl. Such 
order is characten-^ic of order-disorder tran- 
sitions in binary alloys. It is measured by the 
paiameter 

r — w 

S =. 

r + w 

wduTo r and v) are the numbers of atoms on 
right and wrong sites resj)ectivcly. 

LONG-WIRE ANTENNA. See antenna, bar- 
monic. 

LONGITUDINAL CHROMATIC ABERRA- 
TION A iiK'asurc of chromatic aberration 
equal to the distance between the focal points 
for led liglit and violet light 

LONGITUDINAL MAGNIFICATION. Lin- 

ear magnification measured parallel to the 
optical axis If dx is measured paralld to 
the optical axis in object sjiaf'c and dx' is its 
conjugate distance in image space, then 
dx'/dx is the longitudinal magnification. 

LONGITUDINAL SPHERICAL ABERRA- 
TION. The difference betw^een the focal 
length of rim rays and paraxial rays. (See 
also lateral spherical aberration.) 

LONGITUDINAL WAVE. See wave, longi- 
tudinal. 

LOOMING. A type of mirage in which 
images of objects below the horizon appear in 
distorted form. 


Loomis-Wood Diagram — Loop, Segment-fed 


524 


LOOMIS WOOD DIAGRAM. A graph used 
in the identification of branches in electronic 
band systems of optical spectra. This method 
is especially useful where the individual bands 
of a band system lie so close to one another 
that their fine stmotiires overlap consider- 
ably, or where multiplet bands are involved, 
with tlieir large nutnber of branches. The 
plot shown in the diagram is made as fol- 
lows: Let us assume that by inspection of the 



Loomis- Wood Diagram of tlie 1-1 band of the blue- 
green system of Nao (By permission from “Molecu- 
lar Spectra and Molecular Structure I. Spectra of 
Diatomic Molecules/' 2nd Ed. bj^ Herzberg, Copy- 
right 1950, D. Van No.stnind Co., Inc.) 

spectrogram a few lines have been found that 
apparently belong to one and the same branch. 
We then form the first and second differences 
for this “branch, ’’ and, keeping the second 
difference constant, we calculate the expected 
positions of further lines on both sides of the 
observed part of this branch. We then have 
a series of wave-number values that might 
represent a brant a. For each line of this cal- 
culated branch ve now form the differences 
wdth all th'* neighboring observed wave num- 
bers and plot thorn in a diagram against the 
arbitrary running numbers in the branch. We 


obtain a diagram such as that shown in the 
figure for the case of an Na2 band. 

LOOP, ANTENNA. See antenna loop. 

LOOP, CENTER COUPLED. A coupling 
loop in a multi-cavity magnetron which is 
located in the center of one of the resonant 
cavities of the tube. 



Center-oouplod loop output (Courtesy Bell System 
Technical Journal) 


LOOP GAIN. In feedback terminology, the 
gain around the feedback loop, numerically 
equal to (he ])roduct of the forward gain by 
the gain of the feedback network. ^(Tlu' feed- 
back netwoi'k is also called (he /^-network.) 

LOOP, IIALO-COUPLED. A coupling loop 

in a multi-cavity magnetron which is mountefl 
in the end space, close (a) one end of one of 
the resonant cavities of the (ubc. 


LOOP, PROGRAM. A transmission line 

cariying broadcast program material from 
one point or station to another. 

LOOP, SEGMENT-FED. A coupling loop 

in a multi-cavity magnetron, similar to a 
halo-coupled loop, in which one end of the 



Segment-fed loop coupler (By permission from 
“Microwave Theory and Techiiuiues” by Reich et al., 
Copyright 1953, D. Van Noslruud Co., Inc.) 


loop terminates on the end of one of the seg- 
ments between the resonant cavities. (See 

loop, halo-coupled.) 
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LOOP (STANDING WAVE). Interference 

between two trains of waves (light, sound, 
etc.) moving in oi)posite directions with equal 
si)ecds and frequencies, may cause points of 
no disturbance, nodes; the region between two 
nodes is a loop, or antinode. 

LOOPSTICK ANTENNA. See antenna, 
loopstick. 

LORAN. The word loran is <lerived from the 
phrase long-range navigation and is used to 
indicate the sysban of hyperbolic navigation 
which lias the longest range of all systems thus 
far (leveloiXMl. Loran signals are of the pulse 
type and, in tlie ])rogress of the developmental 
re. earch, many (liffc'nmt combinations of radio 
frecinencies and pulse rates were used One 
of the systems (le\elop('d is known as Siainl- 
ard Loran and is nsi'd in comnun’eial air and 
."ea navigation Since loran is a liyperbolic 
system, the stations mu^'t operate in pairs as 
“master and slave.” Tlu' slave station is es- 
sentially a relay station. 

Tli(‘ lime systems of tlic master and slave 
stations are such that the signal from the 
master always rc^nelies a ship during the first 
liair of tli(' nM'urroTieo cycle, and that from the 
slav(' (luring the second half This is aecom- 
lilidif'd ])v inchidiDg a delay circuit in the 
sla\'' timing system tliat d(‘lays the retrans- 
mission of tlu' signal reet‘i\'iu from the masted 



until half tlie recurrence period has elapsed. 
(See Fig. 1(a) and (b).j 

Standard receiving eejuiprnent has been de- 
signed for shijxs and planes in wdiich both the 
receiving and timing units are present, with 
selector switches ])ermittiiig tlie operator to 
set on the freciueiiey and recurrence rate as- 
signed to any loran pair ho wushes to use. 
Ditfereiitial amplitiers, synchronized by tlie 
timing circuit tr^ the recuircncc rate of the 
station, act on both the master and sla\e sig- 
iijils to (l(‘li\cr them at equal strength to the 
indicator unit. The slow swi'ojj of the oscillo- 
seop(‘ (“viewing >co[)c”) apiiears as two paral- 
I(‘l lines, one covering tlie first half of the 
recurrence cycle and the oMier the second half. 
Hence the signals received from the master 
appear on one line and irom the slave on the 
adjacent j)ar;illel line. (See Fig 1(c).) 

When the signals are pnqierly “set up” on 
the scope, a set of time markers is ilirown on 
the screen and a delermination is made of the 
time interval betw’cen reccjition of signals 
from tlie mastiT and slave. This wdll include 
the (h'lay interval at the slave station, but, 
since this is standard for each recurrence rat(*, 
it may he allowed for. A delay (urcuit is now’ 
introduced and tlie signals ]»r(night into ap- 
pro\imal(‘ coincidence. A\ ith this adjustment 
made, a fa^'t '-we(‘p spreads out th(‘ signals so 
that clo-'O coiiieidence may be established (see 
Fi<!; 1(d)) and tlie time interval nioasiired to 
within one inicro^i'cond. Using this measured 
diflVri'iice in time of arrival of the tw^o signals 
ilie navigator then uses either tables or loran 
charts to obt;iin one line of position. The 
^elc'ctor swdtclics are then -M't to the cliaracter- 
i^ties of another loran pair, a second line of 
]>o^ition detei mined, and a fix obtained. (See 
Fig 2 ) The time re(|uir^'d to obtain such a 
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fix is between 2 and 3 min. The accuracy of 
the determined fix is of the same order of 
magnitude as that obtained from good celes- 
tial navigation and, of course, is independent 
of the state of vi>'-ihility. 

LORENTZ CONDITION. The condition 

1 d(b 

VA H 0 

c 01 

whi(‘h may be impos('d on the vector and 
scalar potentials describing an eloctromag- 
notic field. In Minkowski space tlie coiulition 
may be written 





LORENTZ CONTRACTION. See Fitzger- 
aid factor. 

LORENTZ DOUBLE REFRACTION. A 

group of optical, second-order, double-refrac- 
tion effects oven in certain cubic crystals, 
which are not ordinarily observed aiul not 
included in tlie usual theories of crystal optics. 

LORENTZ EQUATION OF MOTION. The 

cfiuation describing the classical motion of a 
particle of charge c, re^t mass Wo m an ex- 
ternal electromagnetic field 

(Px^ c 

d.v fni)C dfi 

(Gaussian units). 

LORENTZ FACTOR, The number 47r/3 by 
which the polarization must be multiplied in 
order to obtain the Lorentz field. 

LORENTZ FIELD. The fictitious field in- 
troduc(‘cl in the theoiy of flieh'ctric and mag- 
netic polarization m order to find the actual 
local field acting on the molecules. It is de- 
fined as the field produced inside a '^iilicrieal 
cavity in a uniformly polarized medium, and 
has the value (47r/3 iP where P is the polariza- 
tion of the medium. 

LORENTZ FRAME. Any of the set of co- 
ordinate systems in Minkowski space for 
which the squau of the interv'al between two 
events is c^dt^ - (dr)^. Any such coordinate 
system may be obtained ifrom another by 
means of a Lorentz transformation (together, 
,>' ’'haps, with an orthogonal transformation 


of the space axes) . With each Lorentz frame 
may be associated a point observer, each of 
whom moves wdth constant velocity relative 
1o the others. 

LORENTZ-LORENZ RELATION FOR DI- 
ELECTRIC CONSTANT. The variation of 
specific inductive capacity c with density is 
given by the relation 

6-11 

T = ’ 

€ + 2p 

where p is the dcfi-sity and t is a constant char- 
acteristic of the siihvstanco. TIk' redation is 
not accurate for polar molecules and high 
densities. 

LORENTZ NUMBER. The ratio 
L =- K/(tT 

where K is tlie thermal conductivity and a the 
electrical conductivity of a mntnl at absolute 
(omp(*ralnr(' T TIi’n ratio was observed to 
be nearly coii'-tant for many rnet^kls by Wiede- 
mann and Franz, in agrecaiuMit with the free 
electron theory of metals whicli ]uedirts the 
value 

L = - ^ ^ = 2.7 X 10“ ‘ \slatvolt“/ deg^ 

where k i^ Boltzmann’s constant and e tli(‘ 
electronic charge Thi^. constancy is not 
maintained dowai to low (einpc'ratures, at least 
until the regime of residual resistance is at- 
tained. 

LORENTZ THEORY OF THE ELECTRON. 

Model of the el(‘clron as a sjiherieal ball of 
(liargi* which contracts by the Fitzgerald 
factor in it^ motion through the ether (1S95). 
Later reinbrnpreted aeeording to special rela- 
tivity theory (see relativity theory, special). 
Yields a re^t mas.s of 4/Sc^ times the total 
energy. 

LORENTZ TRANSFORMATION. Relations 
connecting the distance and time intervals 
betw^een two events as measured from two 
Lorentz frames. If S' moves relative to S 
with velocity v in the j-direction and dx^ dy^ 
dzj dt denote position and time intervals be- 
tween two events as measured by S and dx', 
dy'y dz'y dt' the corresponding quantities for 
S', then 
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dx' = 7 (dx — vdt) 
dy' = dy^ dz' = dz 



Originally developed by Voigt (1887) and re- 
discovered by Lorentz (1904) but interpreted 
according to the ether hypothesis. Shown by 
Einstein (1905) to be a consequence of spe- 
cial relativity theory. 

LORENTZ TRANSFORMATION, PROPER. 
See proper Lorentz transformation. 

LOSCHMIDT NUMBER. (1) The number 
of molecules in 1 env’ of an ideal gas at 0^0 
and 1 atmosphere, equal to 2 687 X 10^ (2) 
In continental Europe, the tenn is sometimes 
used as synonymous with the Avogadro con- 
stant. 

LOSS (TRANSMISSION LOSS), A general 
term used to denote a decrease in signal ])C)wer 
in transmission from one point to another. 
TiOss is usually exjire'-sed in decibels. 

LOSS FACTOR. The rate at which hea+ is 
generated in a dielectric is proiioitional to its 
loss factor, which is ecjual the product of its 
dielectric constant liy its power factor. Both 
the dielectric constant and power " iclor arc 
usually functions of freciuency, tliei^forc, the 
loss factor changes with changing frequency. 

LOSS, INSERTION. See insertion loss. 

LOSS MODULATION. Absorption modula 
tion wherein the modulating voltage causes 
a variation in the energy absorbed T m the 
carrier source. 

'LOSSER.” (1) A dielectric material which 
dissipates energy. (2) A dissipative element 
placed in a circuit to pi event oscillation. 

‘LOSSY.” An adjective applied to a dielectric 
material which dissipates energy. 

LOUDNESS. The intensive attribute of an 
auditory sensation in terms of which sounds 
may be ordered on a scale extending from 
soft to loud. Loudness depends primarily 
upon the sound pressure of the stimulus, but 
it also depends upon the frequency and wave 
form of the stimulus. 


LOUDNESS CONTOURS. Curves which 
show the related values of sound pressure level 
and frequency required to produce a given 
loudness sensation for the typical listener. 

LOUDNESS LEVEL. The loudness level, in 
phons, of a sound is numerically equal to the 
sound pressure level in decibels, relative to 
0 0002 microbar, of a simple tone of frequency 
1000 cycles per ‘second which is judged by the 
listeners to be equivalent in loudness. 

LOUDSPEAKER (SPEAKER). An electro- 

acoustic transducer (sec transducer, electro- 
acoustic) usually intended to radiate acoustic 
power effectively at a distance in air. 

LOUDSPEAKER, ACOUSTICAL LABY- 
RINTH. A loudspeaker consisting of an ab- 
sorbent walhd conduit ‘wuth one end tightly 
coupled to the back of the cone of a direct 
lourlspeaker mechanism (see loudspeaker, di- 
rect radiator) and the other end opening in 
front or at the bottom of the cabinet within 
which it is folded. 

LOUDSPEAKER, ACOUSTICAL PHASE- 
INVERTER. A loudspeaker consisting of a 
direct radiator loudspeaker mechanism (see 
loudspeaker, direct radiator) mounted in a 
completely closed cabinet save for a port 
coupling the cabinet volume to the air. The 
phase of the velocities on the two sides of 
the cone differs by 180"*. 

LOUDSPEAKER, CABINET. Any loud- 
speaker raounteil in an open-back cabinet 
which also houses the radio or phonograph 
mechanism. 

LOUDSPEAKER, COMBINATION HORN 
AND DIRECT RADIATOR. A loudspeaker 

consisting of a horn coupled to the back side 
of a direct radiator loudspeaker mechanism 
(see loudspeaker, direct radiator) and an 
acoustical capacitance for changing the out- 
|jut from the horn to the open side of the cone 
for reproduction of the mid- and high-fre- 
quency ranges. 

LOUDSPEAKER, COMPRESSED ABR. A 
loudspeaker consisting of an electrically ac- 
tuated valve which interrupts or modulates 
an air stream. 

LOUDSPEAKER, CRYSTAL (PIEZOELEC- 
TRIC LOUDSPEAKER). A loudspeaker in 

which the mechanical displacements are pro- 
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duced by piezoelectric action. (See bimorph 
cell.) 

LOUDSPEAKER, DIRECT RADIATOR. A 
loudspeaker in which the radiating element 
acts directly on the air. 

LOUDSPEAKER, DIRECT RADIATOR DY- 
NAMIC SUBAQUEOUS. A loudspeaker 

which contains a diaphragm driven by a voice 
coil located in a magnetic field and which is 
designed to operate under water. 

LOUDSPEAKER DIVIDING NETWORK. 
See netw^ork, dividing. 

LOUDSPEAKER, DOUBLE-COIL, DOU- 
BLE-CONE. A loudspeaker consisting of a 
light coil coupled to a small cone, connected 
by a compliace to a heavy coil and large cone. 
An increase in range is obtaini'd l)y reducing 
the impedance of both the coil and the dia- 
phragm at the higher frequenci(‘s. 

LOUDSPEAKER, DOUBLE-COIL, SINGLE- 
CONE. A loudspeaker consisting of a voice 
coil, divided into two parts s(‘parat(Ml l)y a 
compliance, coupled to a single corrugated 
cone. The inductance and electrical resist- 
ance of the larger portion of the voice coil is 
shunted by an electrical ca]iacitance. 

LOUDSPEAKliR, DYNAMIC. A loud- 
speaker employing a coac diiven by a cur- 
rent-carrying coil (the voice coil) in a con- 
stant magnetic field. The magnetic field may 
])e supplied either by an electromagnet or a 
permanent magnet. 

LOUDSPEAKER, ELECTROMAGNETIC. 

A dynamic loudspeaker (see loudspeaker, dy- 
namic) in whicli an clcciromagnct ])rovides 
the required magnetomotive force for the 
magnetic circuit. 

LOUDSPEAKER, ELECTROSTATIC (CA- 
PACITOR LOUDSPEAKER) (CONDENS- 
ER LOUDSPEAKER). A loudspeaker in 

which the mechanical forces are produced by 
the action of electrostatic fields. 

LOUDSPEAKER, EXCITED FIELD. A 
loudspeaker in which the steady magnetic 
field is produced ' y an electromagnet. 

LOUDSPEAKER AND MICROPHONE, 
H.F. DIRi;CT RADIATOR DYNAMIC SUB- 
AQUEOUS. A direct radiator dynamic sub- 
aqueous loudspeaker with a smaller diaphragm 


and stiffer suspension system for use above 
30 kc. 

LOUDSPEAKER, HORN. A loudspeaker in 

which the radiating element is coupled to the 
medium by means of a horn. 

LOUDSPEAKER, INDUCTION. A loud- 
speaker in which the current which reacts 
with the steady magnetic field is induced in 
the moving member. 

LOUDSPEAKER, MAGNETIC ARMATURE 
(MAGNETIC T.OUDSPEAKER). A loud- 
.speaker comprising a fcrromagnc'tic armature 
actuated by forci's of magnetic attraction. 

I.OUDSPEAKER, MAGNETIC SUBAQUE- 
OUS. A loudspeaker designed to operate 
under water, consisting of a resonant dia- 
phragm driven by forces resulting from mag- 
netic reactions. 

LOUDSPEAKER, MAGNETOSTRICTION. 
A loudspeaker in which the mechanical dis- 
])lacemenl is derived from the deformation of 
a material having magnetostrietive flVoperties 

LOUDSPEAKER, MAGNETOSTRICTION 
SUBAQUEOUS. A loudspeaker, designed 1o 
operateMindia’ wat(T, in whi(‘h a dia])hragm is 
driven by tlu' meclianical forc(‘S generated in 
a f(‘rromagnetic rod possessing magnetoslTic- 
tive f)roperties. 

LOUDSPEAKER, MOTIONAT. ELECTRIC 
IMPEDANCE OF. The motional electric 
impedance of a single-coil, single cone-loud- 
speaker is given by (i^/)^/Zi/r, wliero B - 
flux density in gauss, I = length of the con- 
ductor in the voice coil in air, Z)fT = total 
mechanical impedance of the mechanical sys- 
tem, in mechanical ohms. 

LOUDSPEAKER, MOVING-COIL (DY 
NAMIC LOUDSPEAKER). A moving-con- 
ductor loudsfieaker in which the moving con- 
ductor is in the form of a coil conductively 
connected to the source of electric energy. 

LOUDSPEAKER, MOVING-CONDUCTOR. 
A loudspeaker in which the mechanical forces 
result fi'om magnetic reactions between the 
fields of the current in a moving conductor 
and a steady magnetic field. 

LOUDSPEAKER, MULTIPLE SINGLE- 
COIL SINGLE-CONE. Any of a number of 
loudspeaker systems consisting of a large- 
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diameter, heavy cone driven by a large voice 
coil for the low frequency range and a small 
diameter light cone and small voice coil for 
the high frequency range, and a filter system 
for allocating the power in the high and low 
frequency ranges to the respective low and 
high frequency units. Such systems are de- 
signed for uniform response, broad directional 
patterns and adequate power-handling capac- 
ity. 

LOUDSPEAKER, PERMANENT MAGNET. 

A moving-conductor loudspeaker (see loud- 
speaker, moving-conductor) in which the 
steady field is produced by means of a perma- 
iiriit magnet. 

LOUDSPEAKER, PNEUMATIC. A loud- 
speaker in which the acoustical output re- 
sults from controlled variation of an air 
stream. 

LOUDSPEAKER AND MICROPHONE, 
QUARTZ-CRYSTAL. SANDWICH SUB- 
AQUEOUS. A subaqueous transducer con- 
sisting of two blocks of metfil ceiiH'nted to the 
two sif](‘s of a relatively thin, quartz crystal. 
One of the metal blocks is terminated in water 
and the other in oir. Maximum output occurs 
when the overall effective length is one-half 
wavelength. 

LOUDSPEAKER, QUARTZ-CRYSTAL, 
SUBAQUEOUS. A loudspeaker, dr^igned to 
operate under water, in which a quauz crystal 
is driven by mechanical forces generated in 
the crystal due to converse piezoelectric prop- 
erties. 

LOUDSPEAKER, ROCHELLE SALT, 
CRYSTAL SUBAQUEOUS. A loudspeaker, 

d(*signed to operate under water, in which 
Rochelle-salt crystal is driven by mechanical 
forces generated in the crystal due to piezo- 
electric properties. This apparatus can also 
be used as a microphone, by means of the di- 
rect piezoelectric properties of the crystal. 

LOUDSPEAKER, SINGLE-COIL DOUBLE- 
CONE. A loudspeaker consisting of a single 
coil coupled to two cones. In this system an 
increase in frequency range is obtained by 
reducing the mechanical impedance of the 
diaphragm by coupling a smaller cone to the 
voice coil at the high frequencies. 


LOUDSPEAKER, SINGLE-COIL, SINGLE- 
CONE. A loudspeaker consisting of a cone 
driven by a voice coil located in a magnetic 
field. 

LOUDSPEAKER SYSTEM. A combination 
of one or more loudspeakers and all associated 
bafiles, horns, and dividing networks arranged 
to work together as a coupling means between 
the driving electric circuit and the acoustic 
medium. 

LOUDSPEAKER VOICE COIL. The mov- 
ing coil of a moving coil loudspeaker. (See 
loudspeaker, moving-coil.) 

LOVIBOND TINTOMETER. A colorimeter 

in wliicli the color of a solution or object is 
expressed in terms of glass slides of three 
eolors. The instruTuent is eejuipped with a 
series of slides of each color, which are com- 
])ared witli tlie solution or object under exam- 
ination. 

LOW, A region over which atmospheric pres- 
sure is lower than the surrounding area; i.e., 
an abbreviation for region of low pressure. 
Cy <"10010 winds blow around a low. 

LOW- AND HIGH-PASS FILTER. See filter, 
band-elimination. 

LOW-LEVEL MODULATION. See modu- 
lation, low-lcvel. 

LOW-PASS FILTER. Sec filter, low-pass. 

LOW-PRESSURE CLOUD CHAMBER. See 
cloud chamber, low-pressure. 

I.OW.REFLECTION FILMS ON GLASS. 

The action of these films depends jointly upon 
two different optical piinciples. 

( 1 ) Reflection of light occurs only at an 
interface between two difierent media. The 
ratio of tlie cpiantity of the light reflected by 
any reflector to that of the light incident upon 
It is called the reflection factor, or the re- 
flectance, of that reflector. In the case of a 
glass surface covered with a transparent film, 
the reflection takes place partly at the outer 
suiface of the film and partly at the interface 
between film and glass. It may be shown 
that the total reflectance of such a combina- 
tion is a minimum when the absolute refrac- 
tive index of the film is equal to the square 
root of that of the glass. Therefore it is de- 
sirable to find a film material which fulfills 
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this condition as nearly as possible and at 
the same time makes a durable coating ad- 
hering firmly to the glass. The materials 
which at present appear most satisfactory in 
these respects are calcium fluoride ’'CaFo) 
and lithium fluoride (LiF). (2) All of the 
above remarks apply, irrespective of the thick- 
ness of the film If now the film be made of 
a thickness about om'-quarter of the wave- 
length of the (normally) incident liglit, the 
reflectance is further reduced almost to zero 
by interference. The i)ortions reflected by 
the film-glass interface and by the outer sur- 
face of the film are in such case in opposite 
phase to each other, and their effect is there- 
fore subtractive instead of additive. It also 
follows that, since less light is reflected from 
glass provided with such films, more light is 
transmitted. This feature has }>roved of value 
in the treatment of lenses in optical instru- 
ments, 

LOW TEMPERATURE MEASUREMENT. 

The platinum resistance thermometer can be 
used down to the temperature of licpiid hy- 
drogen. Below this lead resistance thennom- 
eters have been used, and also the rather in- 
sensitive constantan thermometer. In the 
temperature range of liquid helium, phosphor- 
bronze wire with small addition^? of a super- 
conductor (usually lead) have been found 
useful. Carbon resistors provide useful re- 
sistance thennometers in the helium range, 
and at temperatures below 1°K. The most 
reliable thermometer in this range is provided 
by a paramagnetic salt whose susceptibility 
obeys the Curie law. Thermocouples are use- 
ful down to the temperature of liquid air. 

LOW TEMPERATURE METHOD FOR 
LATENT HEAT OF VAPORIZATION. The 

liquid is evaporated under constant pressure 
out of a vacuum calorimeter, and the evapo- 
rated amount is measured by determining the 
volume and pressure of the gas at room tem- 
perature. 

LOW TEMPERATURE PRODUCTION BY 
ADIABATIC DEMAGNETIZATION-NU- 
CLEAR DEMAGNETIZATION. The inter- 
action of the nuclear spins is weaker than that 
of the paramagP(‘lK spins, so that they will 
remain largely disordered at temperatures ac- 
cessible bv paramagnetic demagnetization. 
Therefore, it has been proposed to use nuclear 
deni:v^.,aetiEation to carry out demagnetization 


cooling reaching considerably lower tempera- 
tures than have been attained so far, even by 
methods as effective as that described in the 
next definition. (See also adiabatic demag- 
netization, cooling by.) 

LOW TEMPERATURE PRODUCTION BY 
ADIABATIC DEMAGNETIZATION- 
TWO - STAGE DEMAGNETIZATION. A 

method of reaching temperatures of about 
one-thousandth of a degree absolute by carry- 
ing out two successive demagnetizations of 
paramagnetic salts in the same apparatus. 
The first stage consists of an ordinary demag- 
netization from the temperature of liquid 
helium A second sain[)le of salt is cooled in 
a magnetic field to the final temperature of 
tlie first stage and subsequently demagnetized 
adiabatically. 

LOW TEMPERATURE PRODUCTION BY 
CLAUDE METHOD. A method of gas licpie- 
faction in which the cooling process is expan- 
sion with w'ork being done in a reciprocating 
engine. In order to avoid formatiorf of liquid 
in the cylinder, the last few degrees of cooling 
are usually covered by expansion without 
work. 

LOW TEMPERATURE PRODUCTION BY 
LINDE METHOD. A method of gas lique- 
faction using the Joule-Thomson effect as 
cooling method. After expansion, the gas is 
returned to tlu* comjircssor through a counter- 
current heat exchanger in wliich the incoming 
compressed gas i'^ cooled by the returning gas 
This process results in gradual cooling of the 
expansion valve until li^piefaction occurs. 

LOW TEMPERATURE PRODUCTION BY 
PICTET OR CASCADE PROCESS. A 

method by whicli a series of gases with suc- 
cessively-lowor boiling points are liquefied. 
The first gas is liquefied under pressure, and 
then the temperature of the liquid is reduced 
by pumping off its vapor. The next gas, 
wdiose critical point must lie above the tem- 
perature reached by the first stage, is then 
liquefied under pressure and the process is 
repeated. It can only be continued as long 
as gases are available which have, in the 
liquid state, overlapping temperature inter- 
vals. 

LOWEST USEFUL HIGH FREQUENCY. 
Sec frequency, lowest useful high« 
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LUMEN. The unit of luminous flux. It is 
equal to the flux through a unit solid angle 
(steradian) from a uniform point source of 
one candle; or to the flux on a unit surface 
all points of which are at unit distance from 
a unifonn point source of one candle. 

LUMEN-HOUR. A unit quantity of luminous 
energy equal to tlie emission of 1 lumen for 
one liour. 

LUMEN METER, LUMETER. A device for 
measuring or comiiaring luminosities. 

LUMERG. A unit of luminous energy (see 
energy, luminous). One erg of radiant energy 
In ' ing a luminous efficiency of x lumens per 
watt is X lumergs of luminous energy. 

LUMINANCE. Tlu' quantitative attribute 
of light that correlates with tlie semsation of 
brightness and is the cA^aluation of radiance 
by means of ihe standard luminosity function. 
Units fall into two classes, (1) “intensity- 
luminance” d(‘fnied by B — I /{A cos B) where 
7 is the luminous intensity of the area A as 
viewed along a direction that makes an angle 
B to the normal to the surface, and is meas- 
ured in candles/met er^, candles/ft^, candles/ 
cm“, and a second set of units, (2) “lambert- 
luminance,” where B' - ttB, and is measured 
in meter-lamberts, ft-lamb ’ts, cm-lamberts, 
etc. 

LUMINANCE CHANNEL. In a ( dor-tele- 
vision system, any path which is iniended to 
carry the luminance signal. The luminance 
channel may also carry other signals; for 
example, the carrier color signal., which may 
or may not be used. 

LUMINANCE SIGNAL. A signal wave 
which is intended to have exclusive control 
of the luminance of the picture in television. 

LUMINESCENCE. Broadly, this term refers 
to the emission of light due to any other 
cause than high temperature. A firefly, for 
example, as well as certiain fungi and many 
marine fonns exhibit bioluminescence. Some 
electrolytic rectifiers are sources of galvano- 
luminescencc. Triboluminescence is observed 
upon vigorously grinding certain solids, nota- 
bly ordinary sugar. Thermal luminescence is 
shown by certain substances such as diamond, 
marble and fluorite which emit light at tem- 
peratures below a red heat. Photolumines- 


cence is the emission of light as a result of 
nonliiminous radiations. 

A large variety of substances become lumi- 
nescent when stimulated or “excited” by suit- 
able rudiation or by emissions such as cathode 
rays or p-rays. This phenomenon is appar- 
ently quite complex and is exhibited in various 
aspects. In some cases the light is emitted 
only so long as the exciting emission is main- 
tained, it is cabed fluorescence. The screen 
of a fluoroscope thus responds to x-rays. In 
other cases the luminescence persists after the 
excitation is removed and it is then called 
phosphorescence. Thus zinc sulfide, under 
certain conditions, glows brightly for a time 
after exposure to daylight or lamplight, but 
the luminosity decays rapidly and disappears, 
UMiaily within a few minutes. Rome materials 
exhibit thcnuoluininescence; that is, they be- 
come luminescent, after exposure to excila- 
tion, upon being raided to a sufficiently high 
tempcTature. Resonance radiation may be 
legarded as a tyjie of fluorescence in certain 
gases. 

Stokes pointed out that when luminescence 
is excited by radiation, the frequency of the 
Iuiiiine«renc(' is usually less than that of the 
incident radiation. This is of course always 
tnio when visible laminescence is excited by 
ultraviolet rays, x-rays, or y-rays. 

Numerous theories regarding luminescence 
have been proposed They agree mostly in 
assuming that the emission oi luminescence is 
due to the removal of electrons from molecules 
by the energy of the exciting rays, and the 
release of part or all of the energy upon their 
return. The quantum theory of radiation and 
electronic ])rocesses has done much in recent 
years to clarify certain aspects of the phe- 
nomena. 

Materials w^hich exhibit luminescence are 
knowm as phosphors. 

LUMINOSITY. A general concept associated 
with the evaluation of radiant power by 
means of the standard luminosity function. 
Quantitatively it is the ratio of the luminous 
flux to the corresponding radiant flux. It is 
express(‘d in lumens per watt. 

LUMINOSITY COEFFICIENTS. The con- 

stant multipliers for the respective tristim- 
ulus values of any color, such that the sum 
of the three products is the luminance of the 
color. 


Luminosity Curve — Luminous Reflectance, Specular 
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LUMINOSITY CURVE. A graphical rela- 
tionship between wavelength of light in the 
visible range, and reciprocal of the radiance 
required to produce visual sensations of equal 
brightness. This recii)rocal of required radi- 
ance or luminosity, is characteristic of the 
observer and conditions of observation. 

LUMINOSITY CURVE, ABSOLUTE. A 

graphical relationship between wavelength of 
light and the luminous efficiency of radiant 
flux, expressed in lumens per watt. However, 
the ab-^olutc luminosity curve, like the lumi- 
nosity curve, can be regarded as dt'seriptions 
of a property of vision — the si)octral sensitiv- 
ity of the eye for brightness — as well as a 
property of radiant flux — its efficiency in af- 
fecting the eye. Tlie absolute luminosity 
curve is found by multiplying the ordinates 
of the luminosity curve by 680, the value in 
lumens per watt of the maxiniuni luminous 
efficiency of radiant flux of ^^aveIength 555 
millimicrons. 

LUMINOSITY FUNCTION (STANDARD). 

Because of the variable sensitivity of the eye 
to radiation of different wavelengths, a stand- 
ard function has been established by the Com- 
mission Internationale de rficlairage (CIK), 
formerly called in English translations Inter- 
national Commission on Illumination (ICl), 
for converting radiant energy into luminous 
(i.e , visible) energy. 

For the standard conditions chosi*n in estab- 
lishing this standard luminositv function 
(photopic vision) the luminously effective 
radiant intensity in lumens of radiation of 
spectral intensity Jx Avatts/unit wavelength 
i.s given by 

CO 

680 I y\J\(h 

where y\ is the standard luminosity function 
normalized to a value of unity at 555 milli- 
microns. The numerical values for y\ arc 
commonly given as a luminosity curve. 

For very low levels of intensity (scoptopic 
vision) the peak of the luminosity function 
curve shifts toward the violet for young eyes 
(507 rup.) with an absolute value of 1746 
lumens/watt. 

LUMINOSITY, RELATIVE. See relative 
luminosity . 

LUMINOUS COEFFICIENT. A coefficient 
wdii*'* measures the integrated fraction of the 


radiant power that contributes to its luminous 
properties as evaluated by means of the stand- 
ard luminosity function. 

Luminous coefficient 

J ,^X»=oo ! ^x«» 

2/xJxdX / I 
x«o • •^x=.o 

Where y\ is the standard luminosity func- 
tion and J\ is the spectral power distribution 
of the radiant intensity. The luminous coeffi- 
eioiit is unity for a narrow band of wavelengths 
at 555 millimicrons. 

LUMINOUS EFFICIENCY. A measure of 
the luminosity per unit of radiant pow^r, coni- 
jnited by multiplying the luminosity coeffi- 
cient by tlie conversion factor 680 lumens 
p(T watt. This factor knowm as the maxi- 
mum luminous efficiency, ai)plies directly to 
radiant pow'or confined to a narrow band of 
wavelengths at 555 millimicrons 

LUMINOUS EMISSIVITY. Pee emissivity. 

LUMINOUS EMITTANCE. See pittance. 

LUMINOUS FLUX. The time rate of flow 
of liglit When radiant flux i^^ e\ahiate{l with 
respect ^o its capacity to evoke the brightness 
attribute of \isual sensation, it is called luini 
nous flux, and this capacity is expressed in 
lumens. 

LUMINOUS INTENSITY (IN ANY DIREC- 
TION). The ratio of the luminous flux 
emitted by an element of a source, in an 
infinitesimal solid angle containing tliis din'c- 
tion, to the solid angle. JMatheiijaticallv, a 
solid angle must have a iiomt at it^ apex; tie* 
definition of luminous intensity, thenffore, ap- 
j)lie. strictly only to a ])omt source In jirac 
lice, howTver, light emanating from a source 
w’hose dimensions are negligible in comiiarison 
wuth the distance from whicli it is oliscn^d 
may be considered as coming from a point. 

LUMINOUS REFLECTANCE, DIREC- 
TIONAL. The ratio of the luminance of an 
imperfectly diffusing surface to the illumi- 
nance of a perfectly diffusing (and perfectly 
reflecting) surface. 

LUMINOUS REFLECTANCE, SPECULAR. 
The ratio of (1) the illuminance of a surface 
observed by reflection in a mirror to (2) the 
illuminance of the surface seen directly in the 
specular luminous reflectance of the mirror. 
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LUMINOUS SENSITIVITY (OF A PHOTO- 
TUBE). The quotient of output current by 
incident luminous flux at constant electrode 
voltages. The term output current as here 
used does not include the dark current. Since 
luminous sensitivity is not an absolute char- 
acteristic but depends on the spectral distribu- 
tion of the incident flux, the term is commonly 
used to designate the sensitivity to light from 
a tungsten-filament lamp operating at a color 
temperature of 2870°K. 

LUMMER-BRODHUN CUBE. A photom- 
eter in which light from the standard hource 
and the test source is reflected into an optical 
system of two prisms, so that the light from 
oiiv* source passes to the eye through the 
centers of the prisms, whereas the light from 
the other source is reflected to the eye from 
the part of the cube where the prisms are not 
in contact. 

LUMMER-GEHREKE PLATE. A type of 
interferometer in wdiich parallel beams of light 
[iroduced by multiple reflection within a plate 
of glass may gi^e intcrfcTence of very high 
order. It is capable of very great resolution 
\vithin a V(Ty narrow spectral range, but is 
now largely replaced by the Fabry-Perot 
etalon. 

LUSTER. The reflection of the light from 
the surface of an object or material, and the 
appearance of the ‘nirface by that reflected 
liglit. The luster of minerals is a )roperty 
which is us(dul in their identificativ/U. The 
luster of a mineral may be metallic, vitreous, 
adamantine, resinous, pearly, greasy, silky, 
dull, or earthy. 

LUTECIUM. Rare earth metallic element. 
Symbol Lu. Atomic number 71. 

LUX. The M.K.S. unit of illuminance, equal 
to one lumen meter“^. 

LUXEMBURG EFFECT. A type of atmos- 
pheric cross-modulation ai)parcntly due to the 
non-linearity of the ionosphere, wdneh causes 
a receiver tuned to the frequency of a power- 
ful transmitter to also receive the transmis- 
sion of some other powerful transmitter on a 
different frequency. 

LUXMETER, LUXOMETER. A device 
which measures illumination in lux units. 

LYMAN GHOSTS. Discussed under ghosts. 


LYMAN SERIES. A series of lines in the 
ultraviolet region of the spectrum of atomic 
hydrogen. The w^ave numbers of the lines 
in this series are given by the relationship: 

\ni 712 ^/ 

where V is the wave number of a line in the 
Lyman series, /?;- is the Rydberg constant for 
hydrogen (109, (77.591 em“^), ni is 1, and nj 
has integral values greater than 1 . 

LYOPHILIC SOL. A colloidal system in 

w’hicli th(‘rc is mutual atflnity of the dis})ersed 
phase and dis])ursiori medium. This tenn ap- 
plies to rcACTsiblc or stal>lc colloids. Exam- 
ples are g<‘latine or alhuiiun sols m water. 

LYOPIULIC SYSTEM. A colloidal system 

in which theie is a marked attraction between 
the disjK'rs(* phase and the dis})ersion medium. 
When the medium is water, the term hydro- 
phile is ap])!ied to the system. 

LYOPHOBIC SOL. A colloidal system in 

whieh there is little mutual affinity between 
the dispersed phase and the dispersion me- 
dium. The t(*nu ajiplies to the irreversible 
or unstable tyiie ot colloid. An example is 
gold sol in water. 

LYOPHOBIC SYS 1 EM. A colloidal system 

of the unstable or irre<. ersiblc type (suspen- 
soids). (See lyophobic .sol.) 

LYOTROPIC SERIES. A series of anions or 
cations arranijecl in (Ik> order of magnitude of 
their effect upon reactions in colloidal solu- 
tions. In the precipitation of lyophilic col- 
loids such as gelatine by salts the anions or 
the cations may he arranged in the order of 
their coagulating power. This is called the 
Ilofmeister or lyotropic series. 

Anions: 

SO 4 - > 01“ > Br~ > I- > CNS”. 
Cations: 

> Li+ > Na+ > K+ > Eb''' > Cs"*". 

This order runs jwallcl to the solubility of 
the salts in water and to thcii tendency to 
become hydrated. It has been suggested that 
the precipitation is due to the dehydration of 
the colloid as well as to a reduction in the 
zeta potential. 


M 


M. (1) Meter (m). (2) Mass (m or M). 

(3) Mass of molecules or atom (m or 

(4) Mass of electron (///r)- (5) Mass (rest) 

(//to). (6) Modulation factor (m), (7) 

Molecular weiglit {M) (8) Direction cosine 

(/, yrij n). (9) Mesh {m or M). (10) Slope 

of equilibrium curve (m), (11) Metal (M). 

(12) One-thousandth (m). (13) Strength of 

magnetic pole (//t, but p is preferred). (14) 
Magnetization or intensity of magnetization 
(M). (15) Magnetic moment (m). (16/ To- 
tal magnetic quantum number (il/). (17) 

Linear magnefication (m). (18) Order of 

spectrum (m). (19) Number of electric 

phases (rn), (20) Magnetic ciuantum num- 
ber of electron (m). (21) ^Magnetic quantum 

number of electrons (M) (22) Paschen- 

Back effect quantum numbers associated with 
N and S {Ms^ M^). 

M-CENTER. See color center. 

M-ELECTRON. An electron characterized 
by having a principal quantum number of 
value 3 (See also M-shell.) 

M-LINE. One of the lines in the M-series 
of x-rays that are characteristic of the vari- 
ous elements and are jiroduced by excitation 
of the electrons of the M-shell. 

M/N RATIO. (1) In ladiation chemistry, 
the ion yield. (2) In nuclear physics a ra- 
tio of conversion fractions for the M and N 
shells analogous to the K/L ratio. 

M-RADIATION. One of a series of x-rays 
characteristic of each element tliat is excited 
when that element, commonly as the metal, 
is used as an anticathode in an x-ray tube, 
so as to excite the electrons of the M-shell. 

M-SHELL. The collection of all those elec- 
trons in an atom that are characterized by 
the principal quantum number three. The 
M-shell consists m one electron in the case of 
sodium (atomic ni iber = 11) and increases 
by one eltotron for each clement of succes- 
sively higlu-r atomic number until argon 
(atomic number = 18) , which has 8 electrons 


in its M-shell, is reached. The M-shells of 
potassium (atomic number = 19) , calcium 
(atomic number — 20), scandium (atomic 
number — 21), and titanium (atomic num- 
ber == 22) all contain 8 electrons, the addi- 
tional electrons of ^hese elements appearing 
in the beginning N-shcll. With vanadium 
(atomic number = 23), however, there are 10 
electrons in the M-shcll; in chromium (atomic 
number ~ 24), there are 11 electrons in the 
M-shell; and in manganese (atomic num- 
ber = 25), there are 13 electrons in the M- 
shell, and then the elements of successively 
higlier atomic number increase the numb(‘r 
of electrons in the M-sliell by one (‘ach until 
zinc (atomic number — 30) is iviched All 
elements of liigher atomic number (jjmtain IS 
electrons in the M-shell 

MACBETH ILLUMINOMETER. A device^ 
for optjically matching the brightness of a 
surface with a known, variable, surface- 
brightness. 

MACH ANGLE. The apex angle of a Mach 
cone. 

MACH CONE. The wavefront of a Mach 
wave. 

MACH CRITERION. Only those proposi- 
tions should be employed in physical theory 
from \^hieh statements about observable phe- 
nomena can be deduced. 

MACH NUMBER. The ratio of the speed of 
an object to the speed of sound in the undis- 
turbed medium in which the object is travel- 
ing. 

MACH PRINCIPLE. The inertia of any 
system arises from the interaction of that 
system and the rest of the universe, includ- 
ing distant parts thereof. Postulated by ap- 
plying the Mach criterion to the concept of 
absolute space. Applied by Einstein to the 
hypothesis that the metric of space-time is 
determined by the distribution of matter and 
energy. 
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MACH WAVE, The shock wave set up by 
an object traveling with a Mach number 
greater than unity. 

MACHE UNIT, A unit of quantity of radio- 
active emanation, defined as the quantity of 
emanation wliich sets up a saturation current 
equal to one one-thousandth of the elec- 
trostatic unit of current. It is equal to 
3.6 X 10 curie. 

MACHINES. The term machine applies tra- 
ditionally in physics to any one of those sim- 
ple devices — lever, inclined plane, etc. — which 
might with greater propriety be called *‘ele- 
ments of mechanism.” These elementaiy ma- 
chines fall into two general classes, those de- 
pendent upon the vector resolution of forces 
(inclined i)lanc, wed^e, screw, toggle joint), 
and those in which there is an equilibrium of 
torques (lever, pulley, whecl-and-axle). Their 
detailed exj)lanation is to be found in any 
textbook of liigli school physics. For each of 
the several ty])es, there is a factor known as 
the “mechanical advantage,” which ideally 
reiirescnts the ratio of the force exerted 
by the device to the force acting upon it; 
though on account of friction and elasticity, 
the actual ratio of the force may differ some- 
what from this ideal value. For a le\er, 
it equal to the ratio of the “arms”; for an 
inclined ])lane, with the force acting parallel 
to the plane, it is the cosecant of the angle 
of inclination; etc. Ordinarily a m re prac- 
ticable measure of the mechanical advantage 
is the ratio of a small displacement produced 
by the operator of the machine to the result- 
ing displacement of the load by the machine 
Thus, if the handle of an automobile jack Is 
moved 1", in lifting the car 0.002", the me- 
chanical advantage is 500. 

The principles of efficiency (ratio of output 
energy to input energv) are well illustrated 
by the action of machines. No mechanism 
can operate without loss of energy through 
friction or otherwise; hence the efTieiency of a 
machine is always less than unity. Other- 
wise, it would be possible to realize perpetual 
motion. 

MACKENZIE EQUATION (FECHNER 
LAW). 

S = c logio p + o, 

where S = sensation of loudness, p = excess 
pressure, a, c = frequency-dependent pa- 


Mach Wave — Madelung Constant 

raraeters. This equation has been applied to 
sensations other than that of loudness. It is 
not a satisfactory expression unless the pa- 
rameter a is considered to depend on the past 
history of the subject. 

MACKEREL SKY. Both altocumulus and 
cirrocumulus clouds often appear arranged in 
uniform bands similar in appearance to a 
mackerers hack. The reference pertains par- 
ticularly to ahocumulus. 

MACLAURIN SERIES. See Maclaurin the- 
orem. 

MACLAURIN THEOREM. A special case 
of the Taylor theorem. If f{x) and all of its 
derivatives remain finite at a: = 0, then f{x) 
may* he expanded to 

m = /(o) d- f\i))x + no) ;”+••• 

^ ! 

{n - ])! 

where Nn is the remainder after n terms. 
When the remainder converges towards zero 
as the number ot terms iiiercascs, the result 
is the Maclaurin series for f(x) at ar = 0. 

MACLEOD EQUATION, A constant rela- 
tionship between the surface tension of a 
liquid, its den^ity, and the density of its va- 
por, of the form: 

= Constant 

P - p' 

where y is th(' surface ter.sion of the liquid, 
p is its density, and p' is the density of its 
vapor. 

MACRO MOLECULE. A tenn sometimes 
applied to a crystalline solid, such as dia- 
mond, where the atoms are covalently bonded 
(see covalence) to their neighbors in such a 
way that the bonds are all of equal strength 
so that the whole crystal is, as it were, one 
single chemically-bonded molecule. 

MADELUNG CONSTANT. A constant ap- 
pearing in the term for the Coulomb energy 
<\> of an ionic crystal (see Bon>Mayer equa- 
tion). It may be defined by a in the equa- 
tion 





Magamp — Magnet 
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where R is the separation of nearest neigh- 
bors in the crystal, and is evaluated by adding 
the mutual electrostatic i)otcntial energies of 
all the ions in the particular lattice. The 
Madclung constant also appears in hhe ex- 
pression for the w^avelength of the residual 
radiation (Keststralilen) selectively reflected 
by a given lieteropolar crystal. 

MAGAMP. Abbreviation for magnetic am- 
plifier. 

MAGIC EYE TUBE. One form of an indi- 
cator tub(‘. (See tuning indicator; tube, 
magic eye.) 

MAGIC NUMBERS. Certain numbers of 
neutrons or protons in tlie nucleus which give 
nse to increased nuclear stability. The levels 
that seem certain at thi*:; time correspond to 
values of A (number of neutrons in the nu- 
cleus) or of Z (atomic numbeu*: number of 
protons in the nuclcu'-) equal to 2, 8, 20, 28, 
50, 82, and 120. Tor example, tin (Z — 50) 
has as many ten •-table isotopes 

MAGIC TEE. A hybrid waveguide junction 

which is a combination of an 7?-plaiic tee and 
an //-plane tee (see figure). Since the wavc- 



One form of a iniciowave inagic tee (By permis- 
sion from “Microwave Theory and Tec hniquc's'’ by 
Reich et al., Cojiyn^iiht 1953, D. Van Nobtiand Co., 
Inc ) 

guide dimensions are such that only 
propagation is possible, and the A'-field in 
the parallel arm P is normal to that in the 
series arm S, there is no direct transmission 
between the serie»^ i.nd parallel arms if they 
are symmetricahy placed. The characteris- 
tics of smies and shunt tees are such that 
when wavt'S of equal amplitude and phase 
ent^r +he P and R arms, the outputs cancel 


in one of the side-anns and add in the other. 
By the reciprocity principle, therefore, energy 
applied to 1 or 2 is divided equally between 
the P and S arms, none emerging from the 
opposite side-arms. 

MAGNAL BASE. A cathode-ray tube base 
having eleven pins. 

MAGNALIUM. An alloy of aluminum and 
magnesium which has high reflectivity in the 
visible and ultraviolet regions. 

MAGNESIUM. Metallic element. Symbol 
Mg. Atomic number 12. 

MAGNESIUM-COPPER SULFITE RECTI- 
FIER. A diy disk semiconductor rectifier 
having a barrier layer consisting of -‘opper 
sulfite in contact with a magnosiiim plate. 

MAGNESTAT. Trade name for a magnetic 
amplifier. 

MAGNESYN. Trade name for a selsyn. 

MAGNET. In ancient times it wiis known 
tliat stories containing magnet iie (see iron) 
had qualities which won' not llio property of 
other stones. It was found that (hev would 
attract iron, and wlum freely supjiorted \^()uld 
turn so that tlioir nxis would take a north- 
south direction. "Ilioso lodestoiu's weiv tlic 
earliest magnets, hut now are natural curiosi- 
ties only, since the magnets us(‘d in com- 
passes, in.struriients, magnetos, and all the 
\arioiis array of cquipiiu'nt wdiich embodies 
a magnetic field produced by a magnet, are 
artificially constructed of hardened st('ol, mag- 
netized by a strong magnetic flux. This ty]ie 
of magnet may be said to be a permanent 
magnet, in contrast to the electromagnet. 

A magnet is a body possessing the property 
of attracting magnetic substances. Tlie so- 
called permanent magnet should be used 



Graphical magnetic field of a bar magnet 

where a constant magnetic field is to be pro- 
duced, since a well-made permanent magnet 
loses its magnetism very slowly, and then only 
up to a certain point, after which it is said 
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to be aged. Thereafter it maintains a con- 
stant degree of magnetism unless subjected 
to strong de-magneiizing effects. Manufac- 
turers of permanent magnets for precision in- 
struments arlificially age them during the 
process of manufacture. A bar wliich has 
been magnetized is found to have poles. 
These are centers where magnetic attraction 
is strongest. If the magnet is free to turn, 
the pole which points nortluTly is called a 
north pole, and the other a south pole. Like 
poles repel each other with a magnetic force, 
and unlike poles attract each other. The 
earth is a large magnet liaving magnetic poles 
somewhere near, hut not coincident with, the 
geographic poles. Since unlike poles attract 
each other, and the north pole of a magnet is 
taken as that which points northerly, it is 
the earth’s south magnetic polo which lies 
near the north giograpliic ]iole. A magnet, 
delicately made, and freely suspended, be- 
comes a compass. 

MAGNETIC. Tn addition to its general dic- 
tionary meaning of ‘^(‘Huining to magnet- 
ism/’ magnetic carries a technical implica- 
tion of ferromagnetic. 

MAGNETIC AMPIJFIER. See amplifier, 
magnetic. 

MAGNETIC AMPLIFIER AMPLIFICA- 
TION. Sec amplification, ampere-tiim; am- 
plification, current; amplification, power (2); 
amplification, voltage. 

MAGNETIC AMPLIFIER, BRIDGE. A 
magnetic amplifier in which each of the gale 
windings is connected in series with an ap- 
propriate arm of a bridge rectifier (.see recti- 
fier, bridge). The rectifiers provide the ef- 
fect of self-saturation and d-c outp t 

MAGNETIC AMPLIFIER, FIGURE OF 
MERIT. The ratio of the power gain divided 
by the time constant under specified operat- 
ing conditions. The tim^ constant may be 
expressed either in seconds or cycles (num- 
ber of cycles for 637^. change, or T//, where 
T is the time constant (seconds) and / is the 
supply frequency (cycles per ^ second) ). 
Sometimes referred to as dynamic power gain. 

MAGNETIC ANALYSIS. See mass spectro- 
graph. 

MAGNETIC ANISOTROPY. The depend- 
ence of magnetic properties on direction; e.g., 


a crystal exhibits “hard” and “easy” direc- 
tions for magnetization. As one result, a 
magnetizing force H not parallel to a crystal 
avis, will ])r()duce induction B that is not 
]viraiN‘J to H The “ratio” of B to H is no 
longer a number (/a), but becomes a tensor. 

MAGNETIC ARMATURE LOUDSPEAKER. 
See loudspeaker, magnetic. 

MAGNETIC ATTRACTION. See attraction, 
magnetic. 

MAGNETIC BIASING. The simultaneous 
conditioning of the magnetic recording me- 
dium during recording by superposing an ad- 
ditional magnetic field upon the signal mag- 
netic field. In general, magnetic biasing is 
use^J to obi am a siibsf anti ally liii(*ar relation- 
ship het^^ce^ the amplitude of the signal and 
the permanent flux d(*nMty in the recording 
medium. 

MAGNETIC BIASING, A-C. In magnetic 
recording, magnetic biasing accomplished by 
the use of an alternating current, u&ually 
well above the signal-frccjiieney range. 

MAGNETIC BIASING, D-C. In magnetic 
recording, magnetic biasing accomplished by 
the use of direct current. 

MAGNETIC CIRCUIT. A magnet, or a coil 
of ^^u'e cai lying a current, is the seat of an 
iiiflueiKM^ whii'h (‘xteruih outward from it and 
\s called a magnetic field. The flux from a 
bar niagiK't or from a straight electromagnet 
i'^sues liom one end of the magnet or coil, 
bends around, ami re-(‘nu rs at the other end. 
'^I'bi^ cmi l>(‘ exhibited hy cx])loring the region 
with a coln]')a‘^^ nc'edie. If there is provided 
an iron frame or ring extending from one ])ole 
of the magnet or eoil around to the other, 
and in case of the coil, running clear through 
it, the magnetic flux is not only concentrated 
largely in the iron but is much greater in 
botal amount than if the induction is entirely 
in the air. Even a sliort air gap in the iron 
reduces the flux consirlerably. 

Tlie analogy of such a magnetic path to an 
electric circuit is easily seen. The magnetic 
flux corresponds to a current. The magnet or 
coil corresponds to a battery, and provides 
magnetomotive force just as a battery sup- 
plies electromotive force. The amount of flux 
produced by a given magnetomotive force de- 
l^ends upon the dimensions and material of 
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the “magnetic circuit/' e.g., the length and 
cro8s-section of the iron ring followed by the 
flux and the penneability of the iron; just as 
the dimensions and material of the electric 
conductor determine its resistance. Tljis at- 
tribute of the magnetic circuit (corresponding 
to resistance) is called its reluctance. 

It must be remembered that this analog is 
purely mathematical, not physical. In mag- 
netism, there IS no flow of charge, as in elec- 
tricity. Hence “flux’' tends to be misleading. 

These ideas arc expressed quantitatively for 
the purpose of practical calculations. The 
magnetomotive force ^ is commonly given in 
“ampere-turns." Thus, a coil of 50 turns 
carrying a current of 4 amperes has a magneto- 
motive force of 200 ampere- turns. Another 
unit of magnetomotive force somehmes usfd is 
the “gilbert," equal to 5/2t or 0 794 ampere- 
turn. The flux </> is ex]iressed in webers (mks) 
or maxwells (emu). Just as the n^sistance 
of an electric circuit is defined as ihe ratio of 
the electromotive force to the current, so the 
measure of the reluctance (R of a magnetic 
circuit is the ratio of the magnetomotive force 
to the flux. We then have the relation 





a sort of magnetic Ohm's law, known as 
Bosanquet's law. 

There are approximate formulae, used in 
electrical engineering, for calculating 5^ and 
(R, and hence from the specifications of a 
coil, its core, air gaps, etc. Such formulae are 
extensively used in designing transformers, 
generators, motors, etc (See electromagnet.) 

MAGNETIC CONSTANT (SYMBOL OR 
ym) (SOMETIMES |io). The magnetic con- 
stant pertinent to any system of units is the 
scalar dimensional factor relating the me- 
chanical force between two currents to their 
magnitudes and geometrical configurations. 
It is related to the electric constant by y«ym 
= 1/c^. In the usual three-dimensional emu 
system, is assigned the value unity, a pure 
numeric. In the esu system, ym = = 

1.1 X 10“ sec^/cm^. In the unrationalized 
raksa (Georgi) system, ym = henry/ 

meter, and 4^ timi- this value in the rational- 
ized mksa system. The symbols /xo and co 
are often ured lor the fundamental magnetic 
and electric constants, but unfortunately /lo 
is stpo the accepted symbol for initial per- 


meability (see permeability, initial) of mag- 
netic materials. 

MAGNETIC CONSTANT - CURRENT 
STANDARD (REFERENCE). A saturable 
reactor arranged with a constant magnetic 
bias provided by pennanent magnets. With 
the aid of compensating windings, the average 
value of the rectified output current can be 
made to be extremely constant over a con- 
siderable range of supply voltage and fre- 
quency. 

MAGNETIC CORE TAPE. See tape, mag- 
netic core. 

MAGNETIC COUPLING. See inductive 
coupling. 

MAGNETIC CURRENT. Since the total 
elect lie current density (conduction plus 
displacement) is given by V y H (Max- 
well equations), it is con\oinent to call 

SB/d/ - - V X E 

a “magnetic current density." 

MAGNETIC DAMPING. See the Lenz law. 

MAGNETIC DEFLECTION OF ELEC- 
TRON BEAM. See calhode-ray tube. 

MAGNETIC DIPOLE. A eonvenient fiction 
for <lescribmg tlie first order properties of 
magnetic moment. Tlie dipole is conceived 
us two closely-spaced magnetic poles of op- 
posite sign, hut equal strength. (See mag- 
netic pole-strength.) 

MAGNETIC DIPOLE RADIATION. See 
dipole radiation, magnetic. 

MAGNETIC DOUBLE LAYER. Sec mag- 
netic shell. 


MAGNETIC ENERGY. In the Poynting 
theorem, the volume integral of 


H 


dB 


is interpreted as the rate of ehange of magnetic 
energy. Since 


dB 

B - mH; H • — 

dt 



BO 

b h 


2 2 
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is interpreted as the energy per unit volume 
stored in a magnetic field. This is the basic 
reason that the product BH is of practical im- 
portance in permanent-magnet materials. 

MAGNETIC ENERGY PRODUCT. The 

product BH for a given point on the demag- 
netization curve. (See magnetic energy, 
hysteresis loss.) 

MAGNETIC FIELD. A vector-function field 
described by the magnetic induction (B). 
The term magnetic field is used interchange- 
ably to refer to induction (B) and magnetiz- 
ing force (H). (See also magnetostatics, 
laws of magnetism, fields of force.' 

MAGNETIC FIELD ENERGY. See mag- 
nctic energy; energy of a system of currents. 

MAGNETIC FIELD OF A CURRENT. 

The magnetic field of a current may be de- 
scribed by the magnetizing force produced, 
via the magnetic moment of the current. The 
magnetic moment of any current loop is 

m = ij^nda 

which IS independent of the surface spanning 
the contour, hence depends only on the current 
and the loop contour. 'h respect to an 
arbitrary origin of coordinates, this can be 
written 

m = - fr X dr 
2 J 

where r is the radius vector to a point on the 
current loop. In terms of current density 
this becomes 

m = r X JdV. 

(See magnetic potential; vector potential.) 

MAGNETIC FIELD STRENGTH (H). See 
magnetizing force. 

MAGNETIC FLIP-FLOP. A bistable cir- 
cuit employing one or more magnetic ampli- 
fiers so arranged as to liave two discrete levels 
of output which may be obtained by adjust- 
ing the control voltage or current 

MAGNETIC FLUX. The magnetic flux 
through any closed figure, such as a circle, a 
rectangle, or a loop of wire, is the product 


of the area of the figure by the average com- 
ponent of magnetic induction normal to that 
area. Specifically, 

<<> —J* B-ds. 

Thus, if a rectangle 5 cm X 8 cm is placed 
in a region where there is a uniform mag- 
netic induction of 2500 gauss, and at an angle 
of 30° wuth I he linos of induction, the mag- 
netic flux through it is 2500 gauss X 40 
cm^ X sin 30° -- 50,000 gauss-era^ or "max- 
wells.” The magnitude of this fjuantity is 
oft(‘n conventionally n presented by imagin- 
ing the lines of induction to be so spaced that 
the number of them through a given area is 
equal to the number of gauss-cm^ or maxwells 
of flux through that area. The flux in the 
above example would be' commonly expressed 
as 50,000 ‘^lines ” When a coil has several 
(r>) turns and each turn has approximately 
the same flux (<J>) through it, the effect is the 
same as for a single loop wdth the flux 
through it. This jiroduct, which is called 
“linkage,^’ is expressed in ^ maxwell-tums^’ or 
^‘line-turns ” The magnetic flux or the link- 
age through a loop or a coil may be measured 
by putting into the circuit a ballistic (un- 
damped) galvanometer and then suddenly re- 
mo\ing the flux (or the coil). If the resist- 
ance of tlie whoh circuit and the constant 
of the galvanometer are known, the flux may 
be calcula1c‘d fiom the “throw" of the gal- 
\anonieter In the mksa .system, the unit of 
flux IS the weber. fOne weber = 10® max- 
well) (See al'^o magnetic induction.) 

MAGNETIC FOCUSING. See focusing, 
magnetic. 

MAGNETIC GATE. A magnetic amplifier 
ufcd as a gate. 

MAGNETIC HEAD. In magnetic recording, 
a transducer for converting electric varia- 
tions into magnetic variations for storage on 
magnetic media, for reconverting energy so 
stored into electric energy, or for erasing .such 
stored energy. 

MAGNETIC HEAD, DOUBLE POLE- 
PIECE. A magnetic head having two sepa- 
rate pole-pieces in which pole faces of oppo- 
site polarity are on opposite sides of the me- 
dium. One or both of these pole-pieces may 
be provided with an energizing winding. 


Magnetic Induction — Magnetic Pendulum 
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MAGNETIC INDUCTION (B) (MAG- 
NETIC FLUX DENSITY). Magnetic induc- 
tion is the basic observable property of a 
magnetic field. It i.^ directly associated with 
the force on a current element or the e,lcctro- 
motive force induced in a moving conductor. 
The mechanical force on a length dl of a cir- 
cuit carrying a current 1 is given by 

dV = ld\ X B. 

The electromotive' foix'e induced in a conduc- 
tor of length dl mox ing with a velocity v is 
given by 

dE = B X V • dl. 

MAGNETIC INTENSITY OR MAGNETIC 
FIELD STRENGTH. See magnetic field; 
magnetizing force; oersted; and ampere^turn 
per meter. 

MAGNETIC LAG. When tlie magnetizing 
force is e hanged, the induction docs not take 
on its linal (equilibrium) ^aluo instantane- 
ously. There an* time principal kinds of 
lag: (1) Eddy current lag; (2) Temperature 
sensitive lag due to iin{)uritie>; (3) Jordan lag 
(constant phase-angle). The last of these is 
not sensitive to temperature or frequency 

MAGNETIC LENS. An arrangement of 
coils, electromagnets, or magnets so di>posed 
that the resulting magnetic fields jn’oducc a 
focusing force on a beam of charged par- 
ticles. (See also electron lens.) 

MAGNETIC LINE OF FORCE. See fields 
of force; field, magnetic. 

MAGNETIC LOUDSPEAKER. See loud- 
speaker, magnetic armature. 

MAGNETIC MEMORY. A bistable mag- 
netic device emjiloyed to store information. 
The simplest and probably most common ex- 
ample is simply a core made from a magnetic 
material such as Deltamax wdiich possesses 
a nearly rectangular hysteresis loop 
— »1). It is thus capable of “remembering^^ 
indefinitely w’hether or not it lias been mag- 
netized. 

MAGNETIC MICROPHONE. Sec micro- 
phone, variable-rel’iCtance. 

MAGNFIIC MODULATOR. A modulator 
employing a magnetic circuit as the modulat- 
ing "kment. 


MAGNETIC MOMENT. The magnetic mo- 
ment of a current loop or a magnetized body 
is a measure of the magnetizing force (H) 
produc(‘d by the current or magnetized body. 
The magnetic moment of a plane current loop 
is a vector (m), normal to the plane of the 
loop and directed so that the current has a 
clockwise rotation around m. The magnitude 
of m is the product of the current and loop 
area. The magnetic moment of a magnetized 
body is the vector summation of the magnetic 
moments of the internal current loops and 
spins of the body The magnetizing force 
produced at a displacement r from a small 
source of moment m 



(See also dipole moment.) 

MAGNETIC MOMENT (ELECTRON), 
ANOMALOUS. See anomalous magnetic 
moment (electron), 

MAGNETIC MOMENT DENSITY (M). 
The volimie density of magnetic moment; the 
ratio of magnetic moment to volume (of a 
magnetized body), for vanishingly small vol- 
ume. 

B = 7m(n + -“IttM) (in unrali()iializ('d uniis) 

wliere is the magnetic constant. In ra- 
tionalized units, the factor 47r is deleted. (See 

induclion, intrinsic.) 

MAGNETIC MOMENT, NUCLEAR OR 
ATOMIC. The magiK'iic moment of a nu- 
cl(*ar or atoniic particle or system of paHicles 
usually denotes the magnetic dijiole moment. 
For a particle or system in a magnetic field, 
the interaction encTgy is the negative of the 
product of the field strength by the com[)o- 
nent of the magnetic dipole moment of the 
particle in the direction of the field { — fluff). 
A magnetic moment is associated wuth the 
intrinsic spin of a particle and with the orbital 
motion of a jiarticle in a system, e.g , nuclei 
with finite spins have finite magnetic mo- 
ments between about —2 and -f6 nuclear 
Bohr magnetons. 

MAGNETIC MOMENT OF MOLECULAR 
BEAM. See Stern-Cerlach experiment. 

MAGNETIC PENDULUM. A bar magnet 
poised on a pivot or suspended by a thread in 
a magnetic field having a horizontal compo- 
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nent will, if disturbed and released, oscillate 
in a horizontal plane as a magnetic pendu- 
lum. This arrangement is commonly em- 
ployed in the magnetometer method of meas- 
uring the earth’s magnetic field intensity, or 
in comparing field intensities in different lo- 
calities. 


the vectors II and B are derivable from scalar 
potentials, 

H = -vr 

(see wave potentials). The potential U at 
the pcAiition r, due to an element of magnetic 
moment m at Ihe origin, is 


MAGNETIC POLARIZATION. Sec induc- 
tion, intrinsic. 

MAGNETIC POLARIZATION, OPIICAI.. 
The optical activity shown in a magnetic field 
l)y an optically inactive substance. (Sec also 

Cotton-Moulon effect.) 

MAGNETIC POLE (p). A convenient fic- 
tion for describing certain magneto'^tatic 
phenomena. A simple magnet has a field tliat 
a])pears lo emanate from one '^pole” and re- 
turn to another. Poles have no physical 
reality, Imt are eonveniemt descriptive de- 
vices. (See magnetic polc-strcngth.) 

MAGNETIC POLE-STRENGTH. When 
using the eonvenient fiction of magnetic poles 
quantitatively, ^^vtrengtli’’ must be assigned 
to allow comimiation A maanet having a 
moment m is considered lo ha\e two ])oles, 
+ p and — /), separated by a distance 1, such 
thai m pi. Tlie torque m Hudi a magnet 
in a field B is 

T - ni X R 

and can be inti‘rj)ret(‘d as due to fo. cos +pB 
and -pB exerted on the poles. TIh' mag- 
netizing force due to the moment can likewise 
be int(T}n’e((‘d as the superposition of radial 
magnetizing forces due lo the separate poUs, 
of 

Hi = p/r^, H2 = -p/r^. 



(See magnetic field; magnetic moment; vec- 
tor potential; magnetic field of a current.) 

MAGNETIC POTENTIOMETER. See po- 
tentiometer, magnetic. 

MAGNETIC PRINTING (MAGNETIC 
TRANSFER) (CROSSTALK). The perma- 
nents transfer of a recorded signal from a sec- 
tion of a magnetic recording medium to an- 
other section of the same or a difl’erent me- 
drmi w'hen tlu'se sections are brought in prox- 
imity. 

MAGNETIC RECORDER. Etjuipment in- 
corporating an electromagiH'tic transducer 
and moans for moving a ferromagnetic re- 
cording medium reJa1i\e to the transducer for 
recording ('li'clric signals as magnetic varia- 
tions in the medium However, the generic 
term ‘magnetic recorder” can also be applied 
to an instrument wdiich has not only facilities 
for n'coidmg electric signals as magnetic 
variations, but aho foi convt’ting such mag- 
netic* variations ba(*k into electric variations. 

MAGNETIC RECORDING. See tape re- 
cording; wire recording; sound recording. 

MAGNETIC RECORDING HEAD. A mag- 
netic head for t rails f canning electric varia- 
tions into magru'tic variations for storage on 
magnetic media. 


The interaction between two magnets can 
therefore be interpreted as the combination of 
forces between the poles, wdu‘re llio hirce be- 
twTcn any two poles is given by tlie Coulomb 
law: 


„ PV1P2 


(since B = /zIF. 


MAGNETIC POTENTIAL. Since the curl 
of a magnetostatic field in a current-free re- 
gion vanishes, i e., 

V X B = 0, V X H = 0, 


MAGNETIC REPRODUCING HEAD. A 
magnetic head for converting magnetic vari- 
ations on magnetic media into electric varia- 
tions. 

MAGNETIC RESONANCE SPECTRUM. 
S(*e spectrum, magnetic resonance. 

MAGNETIC RIGIDITY (Hp). A measure 
of the momentum of a particle equal to the 
product of the magnetic intensity perpendicu- 
lar to the path of the particle, and the re- 
sultant radius of curvature of the path of the 
particle. 


Magnetic Rotation — Magnetic Waves 
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MAGNETIC ROTATION. See Faraday ef- 
fect. 

MAGNETIC SCALAR POTENTIAL. See 
wave potentials. 

k 

MAGNETIC SHELL. A hypothetical double- 
layer of magnetic charge, analogous to an 
electric double layer. Alternatively, it can 
be conceived as a layer of magnetic dipoles, 
all oriented in the same sense (but not direc- 
tion). 

MAGNETIC SHELL, EQUIVALENT. The 
magnetic field of a current is equivalent to 
the field of a hypothetical double-layer of 
magnetic charge, of magnetic moment per 
unit area given by 7n For the summation of 
magnetic moment over the shell is 

7ridf/, 

which is identically the moment of the cur- 
rent loop. 

MAGNETIC SHIELDING. Since magnetic 
materials of high permeability act like good 
^^conductor^,” i e , ofTer small reluctance, a 
box of high fx material shields its interior from 
an external magnetizing force. 

MAGNETIC SPEAKER. See loudspeaker, 
magnetic. 

MAGNETIC STORM. Erratic changes in 
the earth^s magnetic field, believed due 
to sun-s])ot activity Sometimes magnetic 
storms seriously limit both radio and wire 
communications 

MAGNETIC STRAIN ENERGY (E^). A 
component of potential energy in a magnetic 
domain, given by: 

Eff = sin'^ 6 

where A, is the magnetostriction expansion 
occurring between the demagnetized state 
and saturation, cr the tensile stress to which 
the domain is subject, and 0 the angle be- 
tween the magnetization and the tension. 

MAGNETIC SUSCEPTIBILITY (k, x). The 

magnetic suscepti. ility per unit volume of 
an isotop: c material is the polarization di- 
vided by the induction that would exist at the 
poi d in free space; i.e., 


Pi ^ B, 

ymH 4iirYnJI 

M 

= unrationalized units 

47r77 

M . 

= = — rationalized units. 

ymH H 

The mass susceptibility is the volume suscepti- 
bility divided by the mass density : 

X = 'c/p* 

Volume susceptibility k is related to specific 
permeability (see permeability, specific) by 

Pa = I + Attk 

and again the factor A.'ir is dropped in ration- 
alized units. Note that the magnitude of sus- 
ceptibility differs by a factor of in ration- 
alized and unratioiuilized units, but that pa 
IS unaffected by rationalization (Sec induc- 
tion, intrinsic; magnetic moment density.) 

MAGNETIC TAPE. A magnetic •recording 
medium having a widtli greater than approxi- 
mately 10 times the thickness This tape may 
be homogeneous or coated. 

MAGNETIC THERMOMETER. In the 

temperature icgion accessible by adiabatic 
demagnetization ot a jiaiamagnetic salt (be- 
low l°Kj, the susceptibility of the salt can 
be used as a thennometnc process. The 
“magnetic temperature,” usually denoted by 
T*, can be directly related to the absolute 
temperature by the Curie law (suscojitibility 
X absolute tempcTature -- constant) in the 
temperature langc where the salt used obeys 
this law. At lower temperatures T* can be 
related to the true absolute temperature by 
rallying out a thermodynamic cycle in which 
the susceptibility and heat capacity are de- 
termined. 

MAGNETIC TRANSFER. See magnetic 
printing. 

MAGNETIC VECTOR. Sec radiation field. 

MAGNETIC VECTOR POTENTIAL. See 
wave potentials. 

MAGNETIC WAVES. The spreading of 
magnetization from a small region of a speci- 
men, where a sudden change of field has been 
made. 
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MAGNETISM. The science treating of the 
laws and conditions of magnetic force and its 
effects, or that agency or quality to which 
magnetic force is due. (See also magnet; 
electromagnet.) 

MAGNETISM AND MOLECULAR STRUC- 
TURE. The magnetic properties of mole- 
cules, apart from the diamagnetism associ- 
ated with their electron clouds, depend on 
whf'thcr there are any unpaired electron spins 
or orbital motions having magnetic moments. 
Measurements of the susceptibility will de- 
tect any paramagnetism due to these, and 
may be compared with the predictions from 
various alternative molecular stnictures. 
More refined techniques, such as paramag- 
netic and nuclear resonance, may give de- 
tailed information concerning the actual 
wave functions of the elections. 

MAGNETISM BY INDUCTION. The pro- 
duction of magnetization in a f(*rromagnetic 
material as a result of the material being 
placed m a magnetic field. 

MAGNETISM, LAWS OF. The laws of 
magneti'^m are those of electromagnetism un- 
d(T steady-state conditions. The pertinent 
Maxwell equations reduce to 

V X H = J 

V • B = 0, 

In addition, the equation of continuity becomes 

V • J - 0 

since there is no displacement current. By 
the Stokes theorem, the first equation can be 
expressed in integral form as 

rfi = 1 

(the current linked). 

MAGNETISM, MOLECULAR THEORY 
OF. See Ewing theory; Weiss theory. 

MAGNETIZATION AND EXTERNAL 
FIELD, MUTUAL ENERGY BETWEEN. 
See mutual energy between magnetization 
and external field. 

MAGNETIZATION, CONSTRAINED. See 
impeded harmonic operation. 

MAGNETIZATION CURVE. An originally 
unmagnetized specimen of magnetic material, 


when subjected to an increasing magnetizing 
force {H) develops the induction (J5) shown 
in the solid curve. This solid curve is called 
the magnetization curve, and is not retraced 
as H is reduced. The initial slope of the mag- 
netizafion curve is the initial permeability 
(/lo). If U is carried to some maximum value 
Htn and then reduced (to — //w), B follows 
the dotted hy^^terosis curve. The residual in- 
duction Bt is the Induction remaining when H 
has been reduced to zero; the reverse 11 needed 
to reduce B to z^ro is called the coercive force 
{H() If 11 (and therefore also B) goes 
through a small cyclic change starting from 
an arhitary point on the hysteresis loop (see 
figure), a minor loop is leseribed, with an 



Magnet i7ia ion eiiive (solid) and hysteresis loop 
(dotted) bonio important miinetii quantities are 
illustrated (By jieiniMsion fioi j “Ferromagnetism” 
by Bozorth, Cop\ right 1951, D Van Nostrand Co, 
Inc ) 

average slope called incremental permea- 
bihty. If the cyclic change of H approaches 
zero, approaches a limit /xr, the reversible 
permeability. If the positive and negative 
peaks of JI are equal in a cyclic magnetiza- 
tion, tlic hysteresis loop is symmetrical. As 
the peak value //,» is increased (making larger 
loops), the loop tips trace a path called the 
nonnal magnetization cur\^e. (Sec also hys- 
teresis.) 

MAGNETIZATION, FORCED. See im- 
peded harmonic operation. 

MAGNETIZATION, FREE* See unimpeded 
harmonic operation. 
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MAGNETIZATION, IDEAL. The magneti- 
zation remaining at d constant magnetizing 
force H after a superposed alternating All has 
been slowly reduced from a large value to 
zero. 

MAGNETIZATION, INTENSITY OF (I. /). 
See induction, intrinsic. 

MAGNETIZATION, NATURAL. See unim- 
peded harmonic operation. 

MAGNETIZATION, SATURATION. The 

application of an incrcabing magnetizing force 
to a ferromagnetic substance yields a result- 
ing intrinsic induction {Pm) that asymptoti- 
cally approaches a constant value {Pa)y the 
saturation magn(*tization. 

MAGNETIZATION, SPONTANEOUS. The 
magnetic saturation of the domains of a fer- 
romagnetic material, even in the absence of 
an applied magnetizing force. P^ach domain 
is magnetized to saturation at all tempera- 
tures below the Curie point, altliough the ma- 
terial as a whole may be unnuignetized be- 
cause of the differing orientations of the vari- 
ous domains. 

MAGNETIZING CURRENT. The com]K)- 
nent of current drawn by an inductor, mag- 
netic amplifier, transformer, etc., which is rc'- 
quired to establish the alternating component 
of flux. 

MAGNETIZING FORCE (//). An auxiliary, 
vector point-function that measures the abil- 
ity of electric currents or magnetized bodies 
to produce magnetic induction (/?). T1 i*^ 
measured in ampere-turns per meter (inks) 
or oersteds (emu). Sec magnetic moment; 
magnetic field of a current.) 

MAGNETIZING FORCE, DYNAMIC. The 
applied magnetomotive force ])er unit length 
required to provide the flux and the rate-of- 
changc of flux specified by the conditions for 
which a dynamic hysteresis loop is deter- 
mined. 

MAGNETOCALORIC EFFECT, The re- 
versible heating and cooling of a specimen 
by changes of m'»gnetization. 

MAGNETOELaS 1 IC coupling CON- 
STANTS. The coefficients of an expression 
containing products of elastic strains and 
ma; itization directions, representing an in- 


teraction energy formally responsible for the 
plienomena of magnetostriction. 

MAGNETOIONIC WAVE COMPONENT. 

Either of the two clliptically polarized wave 
components into which a linearly-polarized 
wave, incident on the ionosphere, is separated 
because of the earth’s magnetic field. 

MAGNETOMECHANICAL DAMPING. A 

component of energy loss associated with the 
elastic vibration of a magnetic material, pro- 
duced by interaction of magnetic effects with 
stress and strain. 

MACNETOMECHANICAL FACTOR. The 

number g" occurring in tlie definition of the 
magnetomechanical ratio. The (lieoi^ of tin* 
gyromagnetic effect predicts lliat r/ should 
be nearly 2 for electron spine;, and this is 
actually observed in ferromagnetic (m'c ferro- 
magnetism) substances, showing that the or- 
bital moments (for which g' is unity) are 
effectively quenched. 

MAGNETOMECHANICAL RATIO. The 

ratio of the inagnotie moment to the angular 
momentum, as obscrvTd in the gyromagnetic 
effect.^ This ralio is usually expressed in the 
form (fe ^2mc where g' is the magnetomechan- 
ical factor. 

MAGNETOMETER. An a])paratiis u«ed for 
measuring moderate magnetic field intensities, 
or sometimes the magnetic moments of mag- 
nets; fretiuently both. The standard labora* 
tory equipment is set uj) in two ways, giving 
two results from which may be calculated 
both the magnetic field (or rather, its hori- 
zortal component B) and the magnetic mo- 
ment VI of a short bar magnet forming part 
of the equipment. The terrestrial magnetic 
intensity is often measured in tliis way, and 
Gauss employed this method in verifying the 
magnetic inverse-square law. 

In the first arrangement, the magnet is used 
as a magnetic pendulum, whose moment of 
inertia 7 is known and whose period of oscil- 
lation T is measured. It is usually suspended 
by a fiber of known torsion coefficient K\ in 
some cases K is small enough to be neglected. 
From the magnetic pendulum formula we ob- 
tain the product 

4ir^I 
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The magnet is then arranged to deflect a 
small compass needle. The needle is at 0, 
the magnet at a considerable distance a from 
it, and commonly cast or west of and aligned 
upon it. If the length of the magnet is Z, the 
deflection 8 of the needle is given by 


tan 8 = 


m 32a 
B (4a2 - ly 


from which 


m 

B 


(4a^ - 
32a 


tan 8. 




TIjc second members of (1) and (2) contain 
01 )y measurable ciuantities, and arc therefore 
known. Hence, by multiplying (1) and (2) 
we g('t W“, and by dividing (1) and (2) we 
get from tliose lesults m and B follow. 
Tiistruinents embodying these principles are 
regularly used ])y the U.S Coast and Geodetic 
Sunx^y. 

Many modem inc'asurements of mngnetic 
field strength arc made with saturable core 
instmments, or with search coils. Devices of 
this sort are also known magnetometers. 


MAGNETOMETER, FLUXGATE. Some 
form of saturable core device in which the 
degree of saturation of ihe core by an ex- 
ternal magnetic field is u^c ’ as a measure of 
the strength of the field. 


MAGNETOMETER, NULL ASTAIIC. An 
instrument for measuring the magnetization 
of a specimen by balancing its magnetic mo- 
ment against that produced by a small sole- 
noid. With Midi a null imtniinent, films a« 
thin as one-tenth micron, and weighing lei« 
than a milligram, have lieen investi^ 


MAGNETOMOTIVE FORCE (jy). Analog 
of electromotive force. The line integral of 
magnetizing force: 






The minf around a closed contour is equal to 
4ir7, where I is the total current linked by the 
contour. The relation 

= 4irl 

is also known as the Ampere law. 


MAGNETON. See Bohr magneton and 
Weiss magneton. 

MAGNETO-OPTICAL ANALYSIS. A 

method of chemical analysis based on differ- 
ences ifti the lag of the Faraday effect behind 
the magnetic intensity for different substances. 

MAGNETOOPTICAL EFFECT (KERR 
MAGNETO-OPTICAL EFFECT). Kerr dis- 
covered that if p^ane-polarized light (see light, 
plane-polarized) is reflected normally from 
the polished pole of a strong electromagnet, 
tli(‘ light becomes slightly elliptically-polar- 
iz(*(l The elipticity is so small that the effect 
may be considered merely as a rotaiion of 
Ihe plane of vibration through an angle 6 
given by 

• $ = KI 

uliere / is the intensity of magnetization and 
K is tlu' magnr‘tic Kerr constant. 

MAGNETOOPTICAL ROTATION. See 
Faraday effect, and magneto-optical effect. 

MAGNETOPHONE. Any recording device 
iinolvmg the magnetization of a ferromag- 
netic tape. 

MAGNETORESISTANCE. Changes in elec- 
trical resistivity associated with changes of 
magnetization, 

MAGNETOSTATIC FIELD. See magneto- 
statics; magnetism. A magnetic field rnay he 
(Ic'^cribed by the magnetic induction B and 
(he magnetizing force H at all points. If 
these entities are inde'pendent of time, there 
is a magnetostatic field. 

MAGNETOSTATICS. The study of mag- 
netic fields that do not vary with time. His- 
torically, it was believed to be a study ot Ihe 
bc'havior of magnetic poles (similar to elec- 
tiic charges) but such ]>olcs have ne\er been 
found to exist. It is now lielieved that mag- 
r»*tostatics is the study of certain effects of 
steady motions of electric charge; charges at 
rest are described by electrostatics, charges 
in arbitary motion are the subject of electro- 
magnetism. Electro'^taties and magnetostat- 
ics are special phases of electromagnetism. 

MAGNETOSTRICTION. The term literally 
implies magnetic contraction, but is generally 
understood to include a number of closely 
allied phenomena relating to ferromagnetic 
substances under magnetic influence. 
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(1) When an iron rod is subjected to a 
gradually increasing longitudinal magnetic 
field, it at first increases slightly in length 
(Joule effect) and later the length diminishes; 
when the magnetic intensity has rcachcc? about 
250 oersteds, the rod has returned to its orig- 
inal length, and further increase of inten&ity 
causes it to contract (Villari reversal point). 
Nickel contracts rapidly at first and then re- 
mains nearly constant, while some iron-nickel 
alloys lengthen without reversal The follow- 
ing phenomena arc also recognized (2) The 
Guillemin effect: the tendency of a bent ferro- 
magnetic rod to straighten in a longitudinal 
field. (3) The Wiedemann effect: the twist- 
ing of a rod carrying an electric current when 
subjected to a magnetic field. (4) The Villari 
effect: a change of magnetic iiuluction within 
an iron rod und('r longitudinal stress (inverse 
Joule effect). 

Magnetostriction has been put to practical 
use m the magneiosti ictive resonator, essen- 
tially an iron rod inaintainc'd in longitudinal 
elastic \ibration by a high-fre(iuency current 
in a helix wound upon it, and used, through 
the joint operation of the Joule and Villari 
effects, to control the frequency of tlic current, 
somewhat after the manner of the familiar 
piezo-electric (crystal) resonator. 

MAGNETOSTRICTION, JOULE. A change 
in length parallel to an applied magnetic field, 
and produced by the field. 

MAGNETOSTRICTION, LONGITUDINAL. 
See magnetostriction, Joule. 

MAGNETOSTRICTION MICROPHONE. 
See microphone, magnetostriction. 

MAGNETOSTRICTION, NEGATIVE. Tlie 
contraction of a material by tlie application 
of a magnetic field. 

MAGNETOSTRICTION OSCILLATOR, See 
oscillator, magnetostriction. 

MAGNETOSTRICTION, POSITIVE. The 

expansion of a material by the application of 

a magnetic field. 

MAGNETOSTRICTION, REVERSIBLE. 

The reversible chtmge in dimensions, result- 
ing from ,1 small cyclic change in applied 
magnetic field superposed on a larger, steady 
field 


MAGNETOSTRICTION, SATURATION. 
The limiting value of magnetostriction ap- 
proached as the applied magnetizing force is 
increased indefinitely. Magnetostriction ap- 
proaches saturation when the magnetization 
of the matcnal approaches saturation. 

MAGNETOSTRICTION, VOLUME. The 

change in volume produced by a magnetic 
field. 

MAGNETOSTRICTIVE EFFECT, DIRECT. 

The mechanical strain produced in ferromag- 
netic rods when pliiccd in a magnetic field 

MAGNETOSTRICTIVE EFFECT, IN- 
VERSE. The change in tlie state of magnet- 
ization of a fiTromagnetie lod when it i.s sub- 
jected to mechanical strain. 

MAGNETRON. An electron tube character- 
ized by the interaction of eh'ctrons with the 
electric field of a circuit element in crossed, 
steady electric and nngnc'tic fields to produce 
a-c powTr output 

MAGNETRON AMPLIFIER. A^traveling- 
w^ave magnetron (‘-ee magnetron, traveling- 
wave) used as an amplifier. The basic fea- 
tures of a typical structure aie shown in the 
figuie uelow It resembles a section ot a vane- 

Output 



Magnetroii amj)liriu Magnotu field jx*!- 

pondiiular to plane ot paper (By pcrmitj'jiou from 
“MlClowa^e Theoiv and Techniques” by Reich ot al , 
Copyright 1953, D Van No'^trand Co . Inc ) 

type, cavity magnetron of infinite radius, ex- 
cited at one end, and coupled to a load at the 
oiiposite end. A beam of electrons is pro- 
jected through the space between the plane 
electrode and the cavity structure, which is 
maintained at a positive potential relative to 
the plane electrode. A magnetic field, normal 
to the plane of the paper, is adjusted so that 
the electrons do not strike the anode in the 
absence of alternating field. If the velocity 
of the electron beam is equal to, or nearly 
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equal to, the phase velocity with which elec- 
tromagnetic waves move down the loaded 
waveguide formed by the cathode and anode, 
energy is transferred to the electromagnetic 
wave from the source of direct voltage. The 
electromagnetic wave that moves from tlie 
input resonator to the output resonator, there- 
fore, increases in amplitude, and the power 
output exceeds the power input. 

MAGNETRON, CLEETON AND WIL- 
LIAMS. An early magnetron having a single 
anode in which a slit was cut parallel to the 
cathode. The resonant circuit consisted of 
small Lecher frames. The upper frequency 
of oscillation was 47,000 megac^^cles. 

MAGNETRON, COAXIAL CYLINDER. A 
magnetron in which the cathode and anode 
consist of coaxial cylinders. (See magnetron, 
cyclotron-frequency. ) 

MAGNETRON CUT-OFF. The condition of 
zero (ideally) anode current. Produced by 
a critical magnetic field strength parallel to 
the cathode axis, which causes the electrons 
to travel in a curved orbit of such radius 
as to miss the anode. The magnitude of the 
critical magnetic field is proportional to the 
square root of the anode voltage. 

MAGNETRON, CYCLOTRON - FRE- 
QUENCY. A magnetron wl ^sc operation de- 
I)ends upon synchronism between an alternat- 
ing component of electric field, and a periodic 
oscillation of electrons in a direction parallel 
to this field. A split-anode magnetron (sec 
magnetron, split-anode) with a resonator con- 
nected between the anodes will function as a 
cyclotron-frequency magnetron oscillator. 

MAGNETRON, HULL. The first magnetron, 
credited to A. W. Hull, which was described 
in 1921. It was of the coaxial-cylinder type. 
(See magnetron, coaxial cylinder.) 

MAGNETRON, INTERDIGITAL. A mag- 
netron having axial anode segments around 
the cathode, alternate segments being con- 
nected together at one end, remaining seg- 
ments connected together at the opposite end. 

MAGNETRON, LINEAR OR PARALLEL- 
PLANE. A theoretical device used because 
of the mathematical simplification it provides 
over the coaxial-cylinder magnetron. The 
anode and cathode are parallel planes of in- 
finite length. 


MAGNETRON, MULTICAVITY. A mag- 
netron in which the circuit includes a plural- 
ity of cavities. 



The intc'inal view of a 706AY-GY Magnetron (160 
kw, about 3000 mc/s) (By permission from “Radar 
Systems and C 'oiuponeiits” by Members of Technical 
Sluff of Bell I'eh'phone Laboratories, Copyright 1919, 
D. Van Nostrand Co., Inc.) 

MAGNETRON, MULTISEGMENT. A mag- 
netron with an anode divided into more than 
two segments, usually by slots parallel to its 
axis. 

MAGNETRON, NEGATIVE-RESISTANCE. 

A split-anode magnetron (vsec magnetron, 
split-anode) operated in sucli a manner as to 
produce a static, negative-resistance charac- 
t(Tistic. If the flux den.sity is apf)roximatcly 
the value required to cut off the anode current 
at the static value of anoie voltage, a nega- 
tive resistance may be found to exist between 
the two anodes (i.e., the voltage-current curve 
taken between tlu'se two electrodes has a nega- 
tive shape over a certain region). This nega- 
tive resistance may be used to cause sus- 
tained oscillations, if a resonator is connected 
either in series with one anode segment, or 
between the two anode segments. 

MAGNETRON, OSCILLATOR. See oscil- 
lator, magnetron. 

MAGNETRON OSCILLATIONS, TRAVEL- 
ING-WAVE. Oscillations sustained by the 
interaction between the space-charge cloud of 
a magnetron and a traveling electromagnetic 
field whose phase velocity is approximately 
the same as th^ mean velocity of the cloud. 
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MAGNETRON, PACKAGED. An integral 
structure comprising a magnetron, its mag- 
netic circuit and output-matching device. 

MAGNETRON PERFORMANCE CHART. 

A chart relating the applied d-c volta'gc and 
cuiTcnt to the magnetic field strength, the 
power output, and corresponding efficiency. 
(See Rieke diagram.) 

MAGNETRON, tt-MODE OF OPERATION. 

The mode of operation of magnetrons for 
which the phases of tlie fields of successive 
anode openings facing the interaction space 
differ by tt radians. 

MAGNETRON RECTIFIER. A cold-cath- 
ode, gas diode rectifier which is controlle^d 
wdth an external field. 

MAGNETRON, RISING-SUN. A multicav- 
ity magnetron (see magnetron, multicavity) 



The “Ri.sing Sun” anode, a scheme for separatinK the 
frequencies at which modes may appear (By por- 
inisflion from “Principles and Aiiplicat.ions of Wave- 
guide Transiuission” by SouthworUi, Copyright 19.50, 
D. Van Nostrand (’o., Inc.) 

in wdiich resonators of two different resonance- 
frequencies are arranged alternately for the 
purpose of mode-separation. 

MAGNETRON, SPLIT-ANODE. A mag- 
netron wdth a cylindrical anode divided into 
two segments, usually by slots parallel to its 
axis. 

MAGNETRON STRAPPING. The connect- 
ing together of aJlemate segments of a mul- 
tiple-cavitv resonator in a magnetron. This 
procedure tnuses only one mode of oscillation 
to be preferable, and thus increases stability 
of operation. (For an illustration of straps, 


see tlie figure in definition of magnetron, mul- 
ticavity.) 

MAGNETRON, TRAVELING WAVE. A 
magnetron wdio.se operation depends upon in- 
teraction of electrons wdth a traveling elec- 
tromagnetic fi(dd of constant angular or linear 
velocity. Most pre.sent-day magnedrons such 
as multicavity and niultiseginciit ty])es belong 
to this class. 

MAGNETRONS, TUNING OF. The nega- 
tive-re.sist.'ince magnetrtui and the cyclotron- 
frequency inagiiotn-Mis are tuned with conven- 
tional re.sonat()rs (‘xUTiial to the de\dee. 

Tuning of niulticavity magnetrons may bo 
achieved by varying the capacitan(*e or in- 
ductance of th(' cavities. 

The n'soiiatoi’-cavity capacitance c.aii be 
changed by inserting coiuluct ing strips (see 
Figure 1) into the slots in n'gions when' the 



electric field is high, or by bringing metallic 
rings, called ‘'C-rings,” close to the ends of 
the resonators at jxiiiits wdierc tlic r-f field is 
high. In “cookie-cutter’’ tuning (see Figure 
2), conducting rings arc inserted betw^een 
straps. 



inductance tuning is accomplished by in- 
serting conducting rods lengthwise into the 
resonators in regions where the r-f magnetic 
field is high, or by moving a conducting disk, 
called an “L-ring” close to the ends of the 
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resonator near their radially outermost points, 
where the r-f magnetic field is high. The rod 



lype of tuning is eallerl ^‘sjiroeket tuning” or 
‘‘erown-of-tliorns” tuning (see Figure 3). 

MAGNETTOR. A hceond-liannonie type of 

magnetic modulator. 

MAGNIFICATION. The ratio of the size of 
an i.uag(‘ formed })y an oidical system to the 
si/e of the object is the most frequent mean- 
ing of magnification. lIow(‘V('r, for a laige 
and distant object, the ratio at tlu* eye of the 
angle subtcnd(‘d by the image to tlie angle 
which would be sul)teiirU‘d at the eye by the 
object itself is also called magnifica' ion al- 
though it is better stated as magnifying 
power. 

MAGNIFICATION, ANGULAR. See angu- 
lar magnification. 

MAGNIFICATION, EMPTY. See empty 
magnification. 

MAGNIFICATION, LATERAL. See lateral 
magnification. 

MAGNIFICATION, LINEAR. See linear 
magnification. 

MAGNIFICATION, LONGITUDINAL. See 
longitudinal magnification. 

MAGNIFICATION, NORMAL. Sec normal 
magnification. 

MAGNIFICATION, OPTIMUM, See opti- 
mum magnification. 


MAGNIFICATION, USEFUL. Discussed 
under empty magnification. 

MAGNIFIER. If an object is held somewhat 
closer to a thin, positive lens than its principal 
focal j^oint and viewed through the lens, an 
enlarged erect virtual image will be seen. 
Used this way the lens is a simple magnifier. 
To reduce the aberrations of high magnifica- 
tion, magnifiers are commonly made of two 
or more lenses. These ar(‘ also called oculars. 

MAGNIFYING POWER. Chiidely defined, 
the magnifying power of an optical instru- 
ment is the ratio of the apparent size of an 
object as seen through the instrument to the 
apf>aroiit size of the same object as seen with- 
out the instrument. However, to define *^aj)- 
pareift size of an object” in terms that will 
permit of ng<)rous discussion requires certain 
a‘-sum])tions. One may define the apparent 
si7< of an object as tlie angle which the obj(‘ct 
subtends at tiio eye, or as the siz(' of the image 
^^iuch the lens of tli(‘ eye forms of the object 
on the retina of tla' eye (retinal image). Even 
with this definition of apf)Hi ent size, the term 
magnifying power (hqxaids upon the type of 
ill'll rument wliieh is und(‘r eonsidei'ation, and 
the eyepieces used with it. 

MAG-SLIP. A British term for a synchro. 

MAIN BANG. Transmitted pulse, within a 
radar s\stem. 

MAIN GAP (OF A GLOW DISCHARGE 
GOLD CATHODE TUBE). See gap, main 
(of a glow-discharge cold-cathode tube). 

M\JOR CYCLP]. hi a nn'inory device which 
provides serial acc(‘ss to storage jiositions, the 
tune interval b(*twe(‘n -^uecessivc aiipcarances 
of a given storage position 

MAJOR LOBE (BEAM). Sec lobe, major 
(beam). 

MAJORANA FORCE. Postulated phenom- 
enological force between two nucleons de- 
rivable from a jiotential in wliieh there ap- 
pears an operator ('xebaiiging the ])ositions of 
tlie particles but not their spins. 

MAJORANA PARTICLE. Neutrino which is 
identnal with the antineutrino, so that double 
beta decay could occur with the emission and 
absorption of a neutrino rather than the emis- 
sion of two neutrinos. 
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MAJOMTY CARRIER (IN A SEMICON- 
DUCTOR). The type of carrier constituting 
more than half of the total numlicr of carriers. 

MAKSUTOV CORRECTOR. Tlie compli- 
cated aspherical surfaces of the Schmidt cor- 
rector can be avoided, and excellent correction 
still be retained by putting a thick-meniscus 
lens having spherical surfaces of approxi- 
mately equal radii of curvature in front of a 
spherical mirror. 

MALLEABILITY. The projierty by which 
a material may be hammered out or rolled 
into shape without tearing or fracture, or the 
extent to which a material possesses that 
property. 

MALUS COSINE-SQUARED LAW. A law 

applying to the intensity of polarized light as 
affected by the polarizing apiiaratus. If a 
beam of plane- polarized light is passed 
through a nicol prism, for example, the in- 
tensity (flux density) of the emergent beam 
falls off, as the prism is rotated, from a maxi- 
mum value when the transmission plane of the 
prism coincides with the plane of vibration of 
the light, to zero when it is at right angles to 
that direction. Tlie intensity varies as the 
square of the cosine of the angle through winch 
the prism has been thus rotated. The same 
law applies to the effect of a glass reflector, 
reflecting always at the ])olarizing angle, as 
the plane of reflection is rotated around the 
stationary, jiolarized incident beam 

MALUS, LAW OF. An orthotomic system 

of rays remains orthotomic after any number 
of refractions and reflections, 

MANGANESE. Metallic element Symbol 
Mn. Atomic number 23 

MANGANIN. An alloy of copper, manganese 
and nickel, widely used for iwccision resistors. 
It has high resistivity, low temperature co- 
efficient, good stability, and exhibits only a 
small thcnnal emf at junctions with copper. 

MANGIN MIRROR. By silvering the second 
(convex) of a Maksutov corrector plate with 
somewhat different radii of curv’ature for its 
two spherical surf'^ces, a good degree of cor- 
rection is obtained for a spherical mirror. 
This makrs a catadioptric system. 

MANIFESTLY COVARIANT. Obviously 
cova'^int. Written in terms of four- vectors, 


tensors and Lorentz invariant operators and 
numbers, in such a way that consistency with 
the special theory of relativity (see relativity 
theory, special) is apparent at a glance. 

MANIFOLD OF ELECTRONIC STATES. 

The sum or totality of the electronic terms of 
an atom or molecule. 

MANOCRYOMETER. An instrument in- 
vented by de Vis^er to detcimme the change 
in the melting point of a substance due to 
change in pressure. It consists of a thick- 
walled thermometer inverted, with the capil- 
lary stem bent upward and then at right 
angles. The substance under observation is 
placed in the bulb, and mercury is admitted 
to the capillary. The whole is then placed in 
a thermostat, when it a^&umes the pressure 
(measured by the mercury) of cquilibi ium 
between solid and liquid m the bulb. 

MANOMETER. An instiuinent for measur- 
ing pressure. T\sually, some form of luiuid 
manometer, using the pressure produced by 
a liquid column to balance the itiT^suiu to 
be measured. 

MANOMETER, DIFFERENTIAL. An in- 

strmn(j«[it for measuring dilTereriees of [iressure 

MANOMETER, HOT-WIKE. A deviee for 
measuring pressures through tlie determina- 
tion of the rate of la^at loss from an electri- 
cally heated wire. (See gauge, Pirani.) 

MANOMETER, INCLINED-TUBE. A form 
of iKpiid manometer in wduch the liquid head 
balancing the pressure to be measured is jiro- 
ducod by a column of licpiid in a tube making 
a small angle with the horizontal. The move- 
ment of liquid for a given change in pressure 
may be increased in this w^ay by a ratio of 
more than ten compared with a similar 
manometer wdth the tube vertical. 

MANOMETER, IONIZATION. See gauge 
ionization. 

MANOMETER, TWO-FLUID. A design of 
manometer in w^hich the pressure difference 
is balanced against the head caused by the 
vertical movement of the interface between 
two liquids of nearly equal density. Com- 
pared with a simple manometer, the sensitiv- 
ity is increased roughly in the ratio of the 
mean density to the density difference. One 
example is the Chattock gauge. 
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MANTISSA. The decimal part of a common 
logarithm. (See logarithm, common.) 

MANY-BODY FORCE. An interaction be- 
tween two particles that becomes modified 
when a third particle is present, c.g., the forces 
between polarizable molecules. 

MAP. Suppose that for every point x in a 
given space or coordinate system A there is 
another point (or points) represented by fix) 
in tlie space or system B, then there is a map 
or mapping fix) of A into B. Tlie j^oint fix) 
is tlu' image or transformation of x, 

MARKER ANTENNA. See antenna, marker. 

M\RKER BEACON, A knv-power (nmsmif- 
t(*r placed along c&tablished airline routes for 
guidance purposes. 

MARKER PIP. An identification pulse wliioli 
i.' superiinpohcd on .some form of e.athode-ray 
tube display to indicate the position of a defi- 
nitc frequency, time or pliase. 

MARKING WAVE (KEYING WAVE). In 
lelegraphie communication, the eniis.sion which 
takes place while the active imrtions of the 
code characters arc being transmitted. 

MARTENS POLARIZATION PHOTOM- 
ETER. Sec photometer, Martens polariza- 
tion. 

MARTENS WEDGE. A type of quartz 
wedge rotator for polarized light 

MARX EFFECT. Tlie reduction in the energy 
of a photoelectric emission by the simulta- 
neous incidence of radiation of lower fre- 
quency than that producing the emission; a 
regressive effect. 

MASK MICROPHONE. Sec microphone, 
mask. 

MASKING (AUDIO). The amount by which 
the threshold of audibility (^'ec audibility, 
threshold of) of a sound is raised by the i^ros- 
cnce of another (masking) sound. The unit 
customarily used is the decibel. 

MASKING AUDIOGRAM. See audiogram, 
masking. 

MASS. The physical measure of the prin- 
cipal inertial property of a body, i.e., its re- 
sistance to change of motion. At speeds small 
compared with the speed of light, the mass of 
a body is independent of its speed. Under 


these circumstances, the masses mi and m2 
of two bodies may be compared by allowing 
the two bodies to interact. Then 

mi/m2 = la2|/|oil, 

wliere jfli| and |a2l are the magnitudes of the 
respective accelerations of the two bodies as 
a result of the interaction. This permits the 
measurement of the mass of any pai^ticle with 
respect to a sta'idard particle (for example, 
the standard kilogram). At higher speeds, 
the mass of a hoily (lopoiuls on its speed rela- 
tive to the observer according to the relation: 

m = ^«()/V 1 — 

where ///o the mass of the body as found 
by an ob^eiwer at rest with respect to the 
bofiy, V the speed of ,thc body relative to 
the obM'rvcr who fiiuls its mass to be w, and 
r is the speed of light in empty space (theory 
of relativity). 

As a con^eqiu'nce of the Ni'wdon law of 
universal gravitation or of the Einstein dem- 
oii^tiation of the e(|iiivalence of inertial and 
gravitational masses, equal masses at the 
same location in a gravitational field have 
equal weights. Because of this, masses may 
he compared with a jilatform balance or a 
spring balance. 

Mass is particularly important because it 
is a con<erv(‘(I quantity, which can neither 
be created nor he dc'^trcivcd. Thus, the mass 
of any isolated ‘system is a con^dant. When 
nlativi'stic meclianics is appropriate, eg., 
when speeds comparable to the speed of light 
are invohed, mass may ho converted into 
energy and tnre vrrsa, henee the energy of 
the system nnu^t be converted into mass 
through the Einstedn equation. 

E = 

where c is the speed of light in empty space, 
before the conservation law may be applied. 

MASS ABSORPTION COEFFICIENT. See 
disciis.^ion of absorption coefRcient; also see 
absorption coefficient, mass, 

MASS, ACOUSTIC (ACOUSTIC INERT- 
ANCE). The quantity which, when multi- 
plied by 27r times the frequency, gives the 
acoustic reactance (see reactance, acoustic) 
associated with the kinetic energy of the 
medium. 
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MASS ANALYZER, TROCHOIDAL. A mass 
spectrometer wlierein the ion beams traverse 
troclioidal paths wittnn electric and magnetic 
fields mutually jicipendicular. 

MASS, CENTER OF. The center of mass is 
that point in a collection of mass-part iclcs 
which moves as if the total mass of the col- 
lf‘ction w^ere concentrated thiTC and the re- 
sultant of all the external forces wTre acting 
there. I'he jiosilion vector of such a jioint 
is given by 

n 

_ 1 — 1 

r = 

ri 

I] W. 

»— 1 

where 77?i is Ihe mass of ?lh discrete particle, 
is the position vector of ith discrete particle 
For a rigid eontinuons body, tlie rectangular 
coordinates of the center of mass are written as 



MASS, CONSERVATION OF. vSee mass, 
law of; and mass. 


MASS-ENERGY RELATION. The equation 
E =- vic^. (See mass-energy equivalence.) 

MASS FORMULA. An equation for the 
atomic mass of a nuelide as a function of its 
atomic number and mass number. (See mass 
formula, empirical and mass formula, semi- 
empirical.) 

MASS FORMULA, EMPIRICAL. A formula 

for the mass of an atom of the form: 

A/(A,Z) = A(I + A) + -f A, 

where M is the mass of an atom of atomic num- 
ber Z and mass number A] f \ is an idealized 
packing fraction; Zt is the (nonintegral) 
atomic number of maximum stability for mass 
number A] and A is a lei in reflecting the 
^‘pairing energy’^ of like mu^leons, and tluTC- 
fore having four possible valui's wdiich are 

b ><5 1 for even A, odd Z 

+ 2^4 Z 

A = 

— 2^1 for e\ en A , odd Z 

. — for e\ en A, odd Z 

The terms 5a, fi, as well as /i, ami Zi 
are usually taken to be ])ararn(deis varying 
smoothly with A, which an' adjusted to fit the 
experimental data. 


MASS FORMULA, SEMIEMPIRICAL. A 

mass loi inula (tlue piincipall} to \un A\ ei/- 
sacktr, Bethe, lU'ckei, Bolir and Wheeler) 
based on the Injiiid-djop model ol the nucltais 
It may be written: 


M(A,Z) = ZMn f (A - Z)Mn 

(A - 2Z)2 
- a A -f 6 ^ 


+ iTTcroM’^ 


MASS DEFECT. The difl’erenee between the 
atomic mass and tlu' mass number of a nu- 
clide. (See packing fraction.) 

MASS-ENERGY EQUIVALENCE. The 

equivalence of a quantity of ma^••' and a quan- 
tity of energy w'hen tlic two quantities are 
related by the eq'mtion, E = mc“. The con- 
version f^ictor the square of the velocity 
of light. relationship w^as developed from 
relativity theory, but has been experimentally 
con''* med. 


+ 


3Z(Z - \)c^ 


Here M{A,Z) is the mass ot an atom of mass 
number A and atomic number Z, Mh and 
arc the masses of the hydrogen atom and the 
neutron, e is the electronic charge, is tlu* 
radius parameter, and a, h and c are adjust- 
able parameters. The tenns represent, in 
order: the mass of the constituent protons and 
electrons; the mass of the constituent neu- 
trons; the “bulk energy of condensation” due 
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to short-range attractive forces between nu- 
cleons; the “asymmetry energy” correspond- 
ing to the tendency of protons and neutrons 
to be equal in number; the “surface energy”; 
the “electrostatic energy” due to repulsive 
forces between protons; and the “pairing en- 
ergy” as given under mass formula, empirical. 

MASS, LAW OF CONSERVATION OF. Sec 
conservation of mass, law of; and mass. 

MASS NUMBER. The whole number near- 
est in value to the atomic mass when that 
quantity is expresscnl in atomic mass units. 
In light of present-day theory, tlie ma«s num- 
ber represents the total number of nucleons 
in the nucleus, and is therefore equal to the 
sum of the atomic number and tlie neutron 
number. The mass number is commonly 
written as a sui)crscript after or b( f(u*e the 
v-ymbol of the atom, such as or a 

MASS OF THE UNIVERSE. A quaiility of 
ojder M -- where p i^ the deii'^itv of 

matter in the ulliver^e and T is the ag(‘ of the 
universe. M is of order 10''’"' g, or about 
times the mass of a nuch'on. 

MASS OPERATOR. Operator added to the 
Lagrangian of a quantized field theory in 
order to cancel out certain divergences. Com- 
bines with the term representing +ho mechan- 
ical mass to give th(‘ obsen^ed mass (See 
renormalization of mass.) 

MASS RADIATOR. A source of electromag- 
netic radiation cov(M’ing a broad band extend- 
ing to extn'mely high frequencies, wdiich con- 
sists of metal particles suspcaided in a liquid 
dielectric. A liigh voltage impressed acros'> 
the dielectric produces sparking between the 
particles, thus releasing the radiation. 

MASS RANGE. See range. 

MASS SPECTROGRAM. The photograph of 
a mass spectrum. 

MASS SPECTROGRAPH. Any type of ap- ^ 
paratus for sorting streams of electrified })ar- 
ticles in accordance with their different masses 
by means of deflecting fields. 

MASS SPECTROGRAPH, ASTON POSI- 
TIVE RAY. A device which utilizes succes- 
sive electric and magnetic fields to focus rays 
of a constant charge-to-mass ratio at a focal 
line. 


MASS SPECTROGRAPH, BAINBRIDGE- 
JORDAN. A mass spectrograph using a 

radial electrostatic field of tt/V- radians and 
a magnetic field deflecting the ions through 
60 deg/ces. The two fields are so disposed 
that the dispersion of ions in the electric field 
is exactly compensated by the dispersion in 
the magnetic field for a given velocity dif- 
fen'nce. 

MASS SPECTROGRAPH, BLEAKNEY. A 
mass spectrograph which makes use of crossed 
electric and magnetic fields which permits 
perfect focu'-ing proi)ei*ties; the focusing de- 
]>en(ls only on the charge-to-mass ratio of the 
ion and not on its velocity cr direction. 

MASS SPECTROGRAPH, DEMPSTER (DI- 
RECTION FOCUSING)., A mass spectro- 
graph in which ions are first accelerated by 
an electric field through a slit, and are then 
deflected by a magnetic field so as to pass 
through a second slit. The direction focusing 
consist vS of the fact that ions of the same 
charge-to-mass ratio are made lo j^ass through 
the second slit regardless of their direction 
when they emerge from the first slit. 

MASS SPECTROGRAPH, NIER. A mass 
spectrograph in wdiich ions are initially ac- 
celeralcd to a given velocity and are then bent 
in a magnetic field -j that ions of a given 
charge-to-niass ratio chai'actori'-dc of the ini- 
tial \eJocity are the only focussed. 

MASS SPECTROGRAPH, TIME OF 
FLIGHT. A mass spectrograph in wliich 
ions are gi\(*n a fixed impulse and arc then 
allowed to move in urcular fvdhs in a mag- 
netic field. Paitiiles of different charge-to- 
mass ratio tra^eise tlicir paths in different 
tinjc.> 

MASS SPECTROGRAPH. VELOCITY FO- 
CUSING. A mass spectrograph in which 
poshive ions passing through two slits are 
acte<l upon by op])osing electric and magnetic 
fields. If the velocity v of the ions is equal 
to E'U (ratio of electric to magnetic field 
strengths), then the ions are undoflected by 
the fields nnd pass through a third slit into 
another magnetic field wdiero they are de- 
flected into a semicircular path. The radius 
of curvature of this path is then proportional 
to the charge-to-mass ratio of the ions. 

MASS SPECTRUM. See spectrum, mass. 
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MASSEY FORMULA. A formula which 
gives the probability of secondary electron 
emission by an excited atom approaching a 
metallic surface. 

MASSIVE COIL. The coil which carries the 
input current in a photoelectric recording 
galvanometer (see galvanometer, recording) 
and wliose motion is duplicated by the slave 
coil. 

MASTER. The negative phonograph record 
made by electroplating a thin layer of copper 
and nickel on the wax original. 

MASTER BRIGHTNESS CONTROL. The 
common bias control for all three electron- 
guns of a three-color kinescope. 

MASTER OSCILLATOR. See oscillator, 
master. 

MASTER OSCILLATOR-POWER AMPLI- 
FIER. Frequently abbreviated MOPA, a 
master oscillator and a succeeding buffer am- 
plifier. (Sec oscillator, master and amplifier, 
buffer.) 

MATCHED POWER GAIN. The power gain 
achieved when the load impedance is mat(‘hed 
to the effective output impedance of the driv* 
ing stage (Sec gain-band merit.) 

MATCHED TERMINATION (FOR A 
WAVEGUIDE). A termination producing no 
reflected wave at any iranb\erse section of the 

waveguide. 

MATCHED TRANSMISSION LINE. Sec 
waveguide, matched. 

MATCHED WAVEGUIDE. See waveguide, 
matched. 

MATCHING, IMPEDANCE. The technique 
of minimizing the standing-wave ratio when 
two devices having unlike impedances are 
coupled together. This process, at the same 
time, maximizes power flow between the two 
de\ices, assuming one to be a source and the 
other a sink. (See also image impedance.) 

MATERIAL PARTICLE. See particle, ma- 
terial. 

MATERIALIZATION. The production of 
matter fr«*u energy radiations, as is believed 
to occur in interstellar space, and in certain 
rec< ,>fc investigations, from high-frequency 


y-rays, which are transformed into electron- 
positron pairs. (Sec pair production.) 

MATHIEU EQUATION. A differential 
equation resulting from the separation, in 
elliptical cylindrical coordinates, of partial 
differential equations like Laplace’s or the 
wave equation. It also occurs in the quantum 
mechanical problem of a molecule A\ith re- 
stricted internal rotation. The usual form of 
the equation is 

jy" + (a + h cos 2or)ij = 0 

but related forms are sometimes given Since 
the coefficient of y is periodic, the Floquet 
theorem a]>plieb and possible solutions are 

where P(x) is periodic and can be written as 
an infinite senes oi sme or cosine terms. Sul)- 
stitution of this assumed solution into the 
differential equation gives a three- term re- 
cursion formula for the co(‘flieicnts m the se- 
nes The exponent fx is obtained as a com- 
plicated function of the parameters a and 6, 
which may be wiitten as a continued fraction 
or as Hill’s determinant. If the final solu- 
tion is required to be periodic, a situation oc- 
curring frequently for physical reasons, = 
ikj with k an integer. The allowed values of 
a arc the eigenvalues and the solutions are 
Mathicu functions of the fir^t kind. A sec- 
ond linearly independent solution, called a 
function of the second kind, is not periodic. 

Associated Mathieu functions arise wh(‘n r 
is replaced by ix They can be expressed as 
series m Bessel and Hankel functions. 

MATRIX. (1) Consider a set of elements, 
finite in number, winch may be arranged in 
row^s and columns. If Aijy are the ele- 
ments in the ?th row and jth column of tw^o 
such arrays and if these arrays combine to 
form a product wdth elements Cy = 
then they are called matrices. Matrices are 
conveniently indicated by the symbols A, B, 
*C and their product by C = AB. A matrix 
containing m rows and n columns is of order 
(mX^^)- Matrix elements may be real, 
complex or imaginary quantities of a very 
general nature. The ideas may be extended 
to include matrices of infinite order. 

(2) In color television, either (a) an array 
of the coefficients symbolic of an operation to 
be performed, which operation results in a 
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color-coordinate transformation; or (b) to 

perform a color-coordinate transformation by 
computation, or by electrical, optical or other 
means. 

MATRIX, ADJOINT. If is the cofactor 
of Ay in |A|, the determinant of the square 
matrix A, the matrix A = [A^*] is called ad- 
joint to A The nomenclature is not unicpie 
for this matrix is sometimes called the adju- 
gatc or given no name at all while adjoint is 
applied by some writers to that matrix here 
called associate. Its properties include 

AA = AA =|A|E 

where E is the unit matrix. If A is singular 
then 

AA = O 

where O is the null matrix. 

MATRIX, ASSOCIATE. Defined by At = 
(A®) =- (A)* \^here A is the transpose of A 
and A®, the coin])lex conjugate of A. If X — 
ABC, Xt = CtRtAt, Frequently called the 
Hermit ian conjugate. (S(‘e also matrix, ad- 
joint.) 

MATRIX, CONFORMABLE. Two matrices 
A and B are conformable if the number of 
columns in A ecpials the number of rows in 
B. If their orders are (a X X re- 

hpectively, their jiroduet C - AB is of order 
(?? X ftt). Two or more inatriees may be 
combined 1o give a product only if they arc 
confonnahle 

MATRIX, COMMUTATIVE. If the prod- 
uct of two matrices A and B is independent 
of the order of multiplication so that AB = 
BA, then A and B are commutative. If they 
do not commute the quantity AB — BA is 
called the commutator. 

MATRIX, COMPLEX CONJUGATE. 
Formed by taking the complex conjugate of 
every element of A and frequently identified 
by A*. The operation involved is commu- 
tative, for if X = ABC; X* = A®B®C®. (See 
matrix, real and matrix, pure imaginary.) 

MATRIX, DIAGONAL. All elements are zero 
except those on the main diagonal, or sym- 
bolically, D = [DiSy] where Sy is the Kro- 
necker delta. The notation D - diag (Di, 
-D2, Ds, •••) is also used. If D and D' are 
two diagonal matrices DD' - D'D. Con- 


versely if D is diagonal, not the unit matrix, 
and DA = AD then A is also diagonal. 
If Ai, A2, A3, • • • are matrices of order greater 
than unity, the form W = diag (Ai, A2, Ag, 
••*) means that the matrices Ai are placed 
along (lie main diagonal and all other ele- 
ments of W are zero. 

MATRIX, DIAGONALIZATION OF A. A 

process for traiisf^muing an arbitrary matrix 
A into a diagonal matrix The transforma- 
tion is usually of the form X“^ AX = D = 
DiSy, where B,j is the Kroneckcr delta. Her- 
initian and symmetric matrices may always 
be diagonalized by a unitary matrix; in the 
general case, the transfonning matrix is com- 
posed of the eigenvectors of A, provided the 
eigenvalues arc all difTcient. If the eigen- 
values are n'peated, a diagonal form is not 
obtained but a triangular matrix results. 

MATRIX, DIRECT PRODUCT OF A. If 

A — \Aij] is a square matrix of order m and 
B - [/^,«] is square of order n, the direct 
product is of order m X ^ 

A X B [AM 

The index pairs {i,}) and (r,s) refer to the 
row and column respectively. Some conven- 
tion must be arbitrarily adopted for arrang- 
ing the elements in the rows and columns. 

MATRIX ELEMENT. A quantity Ay at the 
interseclion of the Ah row and the ;th col- 
umn of a matrix. It may he of a general 
functional nature, real or complex. 

MATRIX, EQUIVALENT. If X and Y are 
rioii-aingular matrices, then A and B are 
equivalent if B - XAY and B is then the 
tiansform of A. If X and Y are properly 
chosen, B may be of simpler form than A, 
diagonal for examph*. T'^sually X = Y”^. 

MATRIX, HERMITIAN. A matrix of such 
nature that H - H® ; that is //^ - Hj* where 
the asterisk designates the complex conjugate. 
A real symmetric matrix is a special case for 
if H = A -f iB, H® = A -- iB where the real 
part. A, is symmetric and the imaginary part, 
B, is bkew symmetric. 

MATRIX, INVOLUTARY. A matrix uf 
such nature that A = A“^, where the latter 
is the reciprocal of the foimer. 

MATRIX, INVERSE. Same as matrix, re* 
ciprocal. 


Matrix Mechanics — Matrix, Transposed 
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MATRIX MECHANICS. See Heisenberg 
representation; quantum mechanics. 

MATRIX, NILPOTENT. Some power of the 
matrix vanishes, A" = 0. 

MATRIX, NORMAL. A square 'kiatrix 
which satisfies the condition AA* = A*A, 
where A® is the associate of A (or the trans- 
pose if A is real). Any normal matrix can 
be transformed to diagonal fomi by a unitary 
matrix and, conversely, any matrix trans- 
formable to diagonal form by a unitary ma- 
trix is normal. 

MATRIX, NULL. Every clement is zero. 
The usual symbol is 0. For any matrix AO 
OA - 0 and 0 + A — A. 

MATRIX, ORTHOGONAL. Symbolized bv 
A = A~^ where A is the tran.sposi‘d matrix 
and A~‘^ is the rceijirocal of A. Its matrix 
elements must be so related that 

From its definition, AA = E, wdiere E is the 
unit matrix and the sciuare of its determinant, 
A is one. In tliree dimensions, the ease 
A •= +1 may refer to a proper rotation, that 
is, a rotation about a rectangular (\‘irtosian 
coordinate axi^ by an angle IA| —1, an 
improper rotation, a proper rotation follow’od 
by a reflection in a plane perp)endioular to 
the axis of rotation. 

MATRIX, PARTITIONED. A matrix di- 
vided into twm or more submatriees. Each 
element of the partitioned matrix, although 
itself a matrix, is indicated by a single sym- 
bol and treated as if it wmtc a single (dement. 

MATRIX, PERMUTATION. Each row and 
column has but one non-zero element and that 
is unity. Transformation by such a matrix 
permutes the order of the rows and the col- 
umns of the matrix transformed. 

MATRIX, PRODUCT. Sec matrix; matrix, 
conformable; matrix, direct product. 

MATRIX, PURE IMAGINARY. The matrix 
elements arc iAjk where Aj^ is real. It fol- 
l*^ws that A = —A®, where A* is the complex 
conjugate to A. 

MATRIX. RANK OF A. Sec rank. 

MATRIX, REAL SYMMETRIC. The ele- 
me./ in the tth row and the jth column equals 


the element in the ;th row and the^ith col- 
umn, A{j = Ajt and A = A, where A is the 
transposed matrix. 

MATRIX, RECIPROCAL. If A is not a 

singular matrix, the reciprocal is defined by 



A 


where A is the adjoint matrix, |A| is the de- 
terminant of A. Its proi)crtics include A^'^A 
^ AA -- E, with E the unit matrix, but 
recipro('ation of the matrix jiroduct requires 
reversal of the ordi'r of the factors: C = AB; 
C ’ = B ^A ^ Also called inverse matrix. 

MATRIX, RECTANGULAR. Containing ?n 
row^is and n columns, /n /i It is aiw^ays 
singular, sinca* by detinitioii its determinant 
vanl^lH‘^. 

MATRIX, ROW. A matrix containing one 
row and n columns. Tlie luatnx c lenients an* 
usually considered as tlu* conipo»ents of a 
vector in /z-dinu'nsional space 

MATRIX, SINGULAR. A matrix whose de- 
terminant vanislK-,, |A| - 0 All rectangular 
matrices are singular. It the determiiiaiiv; is 
not zero, the matiix is noiisingiilar. 

MATRIX, SKEW HERMITIAN. See ma- 
trix, Hermitian. The matrix elements are 
At} ~ — All = 0 and A r:- —A®, wdiere A® 
is the matrix associate to A. 

MATRIX, SKEW SYMMETRIC. Roe ma- 
trix, symmetric. Thejmaginary part of an 
Hermitian matrix. If A is the transpose of A, 
then a skew symmetric matrix is defined by 
A ~ — A. Its elements are Aij —Aji, 
A„ - 0. 

MATRIX, SYMMETRIC. The elements arc 
symmetric about tl^e main diagonal, = Aji 
and A =- A, where A is the transposed matrix. 

MATRIX, SQUARE. It contains elements 
and has an equal number of rows and col- 
umns. 

MATRIX, TRACE OF A. See trace. 

MATRIX, TRANSPOSED. Obtained by in- 
terchanging the rows and columns of the ma- 
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trix. If the elements of^A are Aijj the ele- 
ments of its transpose, A are Aj^. If X = 

ABCD, X = DCBA. 

MATRIX, TRIANGULAR. All elements be- 
low the principal diagonal vanish. 

MATRIX, UNIT. Its elements arc the Kro- 
necker delta, and are unity along the main 
diagonal and zero elsewhere. PVequently 
symbolized by E (for the Gcnnan ''einheiV') 
its properties include EA — AE — A, where 
A is any matrix. 

MATRIX, UNITARY. The complex analogue 
of an orthogonal matrix. If U, U^ and U~^ 
are unitary, Hcrmitian and reciprocal re.^pec- 
tivcly, then U— (Ut)“^ and its elements 
satisfy the ecpiation 

where 8i, is the Kronecker delta and the as- 
terisk ([('notes the complex conjugate. 

MATlllXER (MATRIX UNIT, MAIRIX 
CIRCUIT, ETC.). A device which performs 
a color-coordinate transformation l)y electri- 
cal, optical or oUkt moans. 

MATTER. From the clas'-ical macroscopic 
point of view, that whieh eaii he eonsidercd 
as an aggregate of matc'rial parlieh's. It is 
capable of being loeat(‘d in j jbhe siiaee and 
y/uhlie time and possesses the inhennit prop- 
erty of inertia. Its manifold other pr perlies 
and its structure form the subject mMlter of 
physics. 

MATTER, ANNIHILATION. Transforma- 
tion of matter into energy. 

MATTHIESSEN RULE. An approximate 
rule stating that the total electrical oi Hier- 
mal resistivity of a metal is the sum of the 
separate resistivities due to scattering of the 
electrons by thermal vibrations of th^ lattice, 
by impurities, by imperfections, etc. (See 
conductivity, electrical, and thermal conduc- 
tion in solids.) 

MAXIMUM. If a function y -= -at some 
point Xo has a value algebraically greater than 
all values .in the immediate ludghborhood of 
this point, it has a maximum there. If the 
curve of the function is studied, the behavior 
c^f its slope or derivative will reveal the pres- 
ence of a maximum. The requirement, if y is 
continuous at x = Xo, is dy/dx < 0 for .r > Xo; 


dy/dx > 0 for X < xo- If dy/dx changes sign 
by becoming infinite and y becomes infinite 
at tlie same tune, tlioii /(.r) is discontinuous 
and the function has no maximum. Another 
possibility’' for a cliangc in sign of the deriva- 
tive IS fi minimum. Tlie neutral term extremal 
IS often used. The phenomena also occur for 
functions of several variables. (See minimax, 
saddle point, Lagrange multiplier.) 

MAXIMUM AVERAGE POWER OUTPUT. 
Refer to entry for power output, maximum 
average. 

MAXIMUM BOILING POINT. A two-com- 
ponent or m\ilti-compon('nt liquid system in 
which, for a particular compoKitioii, the ho\U 
ing ppint is higlu'r than that for any other 
composition or for tlie pure eomponents is said 
to have a maximum boiling point at that tem- 
pera to re. 

M AXIMUM-DEVIATION SENSITIVITY 
(IN FM RECEIVERS). Se(‘ sensitivity, 
maximum-deviation (in FM receivers). 

MAXIMUM FREEZING POINT. A two- 

com])onent or multi-component litjuid system 
in which, for a ]>arH(*ular composition, the 
fr(‘(‘zmg point is higher tl\an that for any 
otIuT coin])ositioii or for the pure components 
is s:iid to have a maximum freezing point at 
tlial ((‘in per at lire 

MAXIMUM MULTIPIJCITY, RULE OF. 

An emiiirical stat('ment that the energy of 
interaction between tlie ele^-^rons in any one 
atom is at a niinimum when their resultant 
spin is greatest 

MAXIMUM OUPUT (IN RECEIVERS). 

The greatest average output power (see 
power outi>ut, maximum average) into the 
rail'd load, regardlc'ss of distortion. 

MAXIMUM RANGE. See range. 

MAXIMUM SOUND PRESSURE. See 
sound pressure, maximum. 

MAXIMUM UNDISTORTED OUTPUT 
(MAXIMUM USEFUL OUTPUT). For si- 
nusoidal input, the greatest average output 
power (see power output, maximum average) 
into the rated load with distortion not ex- 
ceeding a specified limit. 
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MAXIMUM USABLE FREQUENCY. See 
frequency, maximum usable. 

MAXWELL. A unit of magnetic flux in the 
emu system of units. It is the magnetic flux 
which, when linked with a single tun., gen- 
erates an electromotive force of 1 abvolt in 
the turn, as it (the magnetic flux) decreases 
uniformly to zero in 1 second. 


MAXWELL BOLTZMANN DISTRIBUTION 
LAW. An expression giving the distribution 
of velocities among the molecules of a perfect 
gas in the steady state: 


N{c) = 47rAr 



2kf 


where N{c) is the number of molecules with 
velocities between c and c + r/c, the total 
number of molecules, m, the mass of a mole- 
cule, fc, Boltzmann's constant, and T, the ab- 
solute temperature. 


MAXWELL COLOR TRIANGLE. See color. 


MAXWELL DEMON. An imaginary figure 
pictured by Maxwell to illustrate a concept 
in gas kinetics A tmy being was considered 
to operate a trap door in a partition lietwcen 
two chambers This “demon” opened the door 
whenever a molecule of a paiticular kind ap- 
proached the door, and so effected separation 
of a jmre gas fioni a mixture 

MAXWELL EQUATIONS. A set of four 
classic formulae of the electromagnetic the- 
ory. They deal wdth certain vector quanti- 
ties pertaining to any point of a region under 
varying electric and magnetic influence. If 
the point is in empty space, the equations arc 
somewhat simplified; in general, provi‘=?ion 
must be made for the presence of dielectrics, 
conductors, or magnetizable bodies. In these 
equations, H is magnetizing force, B is mag- 
netic induction, E is electric intensity, D is 
electric induction, p is electric charge density, 
J IS conduction current density, t is time The 
“curl” and the “divergence” of a function are 
welJ-knowm operators of vector analysis. The 
equations, in rationalized mks units, are 

dD 

Cnr^ d * — + J 

at 

dB 

CutYE 

at 


The additional relations 

Div B = 0 
Div D = p 

are frequently included as part of Maxwell's 
system, altliough they are not independent 
relations if one assumes the conservation of 
charge The last twm are also known as the 
Gauss law. For linear homogeneous isotropic 
media, B = pH, D = eE. The values of p 
and € for a vacuum satisfy 

fJLv^i = l/c“ 

where c is the speed of light. 

MAXWELL M~L BRIDGE. See bridge. 
Maxwell M^ — 'L. 

MAXWELL, CLERK, RELATION BE- 
TWEEN DIELECTRIC CONSTANT AND 
REFRACTIVE INDEX. Acconlmg to Clcik 
Maxwell's identification of light with electro- 
magnetic radiation, the diolcctiic constant e 
and the refractive index, /?, of a ^substance 
should be rolatcrl bv the formula e ~ Tins 
relation only holds under ratlier restrictive 
condition*?, such us the ahsencH' of permanent 
<lipolcs^ in the substance, nn'asuremenl with 
light of \eiy long wa\elength, etc 

MAXWELL RELATIONS. Four thermody- 
namic relations wdiich apiily to the equilib- 
rium state of a system, useful in evaluating 
the thermodynamic functions. In these rela- 
tions p is the pressure, F, the volume, Sj the 


entropy, 

and 3', the absolute temperature. 

(1) 

CD.--©, 

(2) 


(3) 

/aT\ /dV\ 

\^/s ~ W/p 

(4) 

fojjn 

1 

11 


MAXWELL-WAGNER MECHANISM. A 
parallel-plate condenser made up of two par- 
allel layers of material, one of dielectric con- 
stant e, conductivity zero and thickness d, 
the other of finite conductivity a and thick- 
ness qd can be shown to behave as if the 
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si)ace between the plates were filled with a 
material of complex dielectric constant 

. «(1 + 9) 

= ; 

1 + {t€u)q/^7ra) 

where <d is the frequency of the measuring 
field. 

MAXWELL-WIEN BRIDGE. Sec bridge, 
Maxwell-Wien. 

MAXWELLIAN FLUID. See fluid, Max- 
wellian. 

MAXWELLIAN VIEW. A method of oh- 
scndrig an integrating photometric sphere 
(i.e., a sphere with a white, diffusing inner 
wall, in which a light source is placed). In 
this method the source is focussed on the 
jnipil of the eye; a method for weak sources 

MAYDAY. The radio-telephone international 
distress call. 

MAYER. A unit of heal capacity proposed 
hy Hichards. The ninycr is the cajiacity of 
a bod}^ or system which is warmed 1 degree* 
cimtigrade hy 1 joule. The heat capacity of 1 
gram of \^ater at 20" is about 4 ISl mayors. 

MAYER THEORY OF CONDENSATION. 

The apiilieation of the flibb-^ phase integral 
for a system of chemically-maturated mole- 
cules. Equations are derived for the ' hermo- 
dynamic properlies of the system It is con- 
cluded that for a system consisting of liquid 
and its saturated vapor there are two char- 
acteristic temperatures T„i and instead of 
one critical temperature. Below T„^ the equa- 
tions predict the usual condensation phenom- 
ena of a gas giving a condensed pha. " with 
a surface tension. Between T„i and 7\ how- 
ever, for a certain volume range the pressure 
P and the Gibbs free energy are independent 
of volume. 

In Mayer’s calculations on condensation 
and the critical state, the system is assumed 
to consist of independent clusters of mole- 
cules, each group or cluster consisting of one, 
two, three, etc., molecules. 

MCW. (An abbreviation for “modulated 
continuous wave.”) A form of emission in 
which the carrier is modulated by a constant 
audio- frequency tone. In telegraphic service, 
it is understood that the carrier is keyed. 


MC LEOD GAUGE. A manometer used for 
determining low gas pressures by compressing 
a sample until its pressure reaches a measur- 
able value. 

MEACMAM BRIDGE OSCILLATOR. See 
oscillator, Meacham bridge. 

MEAN ACTIVITY COEFFICIENT. See 
mean activity of an electrolyte. 

MEAN ACTIVITY OF AN ELECTROLYTE. 

The logarithm of the mean activity coefiicient 
of an electrolyte is the arithmetic mean of the 
logarithms of the individual ionic activity 
coefficients. 

MEAN FREE PATH. (1) For sound waves 
in ai> enclosure, the avciage distance sound 
travels between successive reflections in the 
enclosure. (2) The average distance that a 
jiarticle (eg., a molecule) travels between 
siicces'^ive collisions with the other particles 
of an ensemble. The computation of the 
magnitude of the mean free path depends 
upon the types of collisions postulated. If 
the particle moves at high velocity relative 
to the velocities of an ensemble of identical 
particles that have random positions, the re- 
lationship applies: 

^ 1 
71(7 

where / is the moan free path, n is the num- 
ber of particles per unit volume, and a is the 
efiective cros.s-sectional area for collision. If, 
on the other hand, the velocities of the iden- 
tical particles have a Maxwell distribution of 
velocities, the relationship applies: 

1 

\/2nfT 

The mean free path may be extended to cover 
other particle-encounters than collisions, such 
as absorption, inelastic collision, etc., by 
u^^ing the relationship 
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where a is the cross-section for the process 
under consideration. 

MEAN FREE PATH, TRANSPORT. A 
quantity which is equal to three times the 
diffusion coeflBcien^ in the ease where the 
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medium through which the diffusion (of neu- 
trons, for example) is taking place is a weak 
absorber. 

MEAN FREE TIME. The average time be- 
tween collisions. In solid state physV?s, an 
important example of the use of the term is to 
denote the average time between collisions of 
an electron with impurities in a semicon- 
ductor. 

MEAN LIFE. See life, mean. 

MEAN PULSE TIME. See pulse time, mean. 

MEAN SQUARE DEVIATION. See stand- 
ard deviation. 

MEAN SQUARE VELOCITY (MOLECU- 
LAR). Sec molecular velocity, mean-square. 

MEAN VALUE OF A FUNCTION. De- 
fined for a function /(x) over an interval 
(a, 6) by 

r 

b — a 


The second law of the mean for integrals 
may be written: 


f(.r)<l>(x)dx = </>(a) J* fix)dT 


where a g { g 6, provided J(x) is continuous, 
and is continuous and is also a positive 
monotonic decreasing function in the interval 
(a,^) and 

f S{x)4>{x)dx 

= f(3-)dx + f{x)dx 

where a g f g 6 provided f(x) and <t>(x) are 
continuous functions and 0(x) is a monolonic 
decreasing function in the interval (a,h) witli- 
out always b(dng positive. 

There are similar formulae for the cas(' when 
<t>(x) is an increasing function Tin* 1 wo forms 
of the second theorem are known as tlie foim 
of Bonnet and DuBois-Reymond, respectively 


MEAN VELOCITY, MOLECULAR. See 
molecular velocity, mean. 


Over an area if is defined by 
jj‘f{.T,y)dS 
S 

Over a region V of space it is defined by 

V ’ 

MEAN VALUE THEOREM FOR A DE- 
RIVATIVE. Let f(x) bt' a funt-lion which 
has a finite derivative at all point? of the 
interval (a,b). Then there exists a value 
^ of J between a and b such that 

f(b) - f(a) = /W(b - a). 

MEAN VALUE THEOREM FOR INTE- 
GRALS. The first law of the mean for inte- 
grals is: 

r /(x)dr = (6 - a)/(() 

•'a 

wheit a g f g b. 


MECHANICAL-ACOUSTICAL COUPLING. 

'J'he inb'rconnc'ction of UK'cIianical and acous- 
tical elements. An exaiu[)Ie is pro\idod by 
the production of acoustic vibrations in the 
air by the mechanical vibrations of a needle 
point. 

MECHANICAL ADVANTAGE. See Ma- 
chines. 

MECHANICAL BANDSPREAD. A means 
of p/oviding greater angular rotation of tun- 
ing control lor a given tuning range by the 
Use of a verniiT dial or some similar mechani- 
cal device. 

MECHANICAL COMPLIANCE. ( ompli- 
ance in a mechanical vibrating system is that 
coefheienT vnIucIi, when multiplied by 27 r times 
the frequency, is the reciprocal of the nega- 
tive imaginary part of the mechanical imped- 
ance. The unit is the centimeter per dyne. 

MECHANICAL EQUIVALENT OF HEAT. 

It was in 1840 that James P. Joule began 
his classic researches on the quantitative re- 
lationship between heat and work. Rumford 
and Davy had established the fact that heat 
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is a form of energy ; it remained to determine 
how many foot-pounds are equivalent to one 
British thermal unit. In the arrangement 
adopted by Joule, a heavy weight, in de- 
scending, was caused to drive a mechanism 
for '‘churning'^ water in a calorimeter. The 
energy furnished by the weight in its descent, 
with correction for friction losses, was then 
equated to the heat indicated by the rise in 
temperature of the agitated water, with the 
usual calorimeter corrections; the result indi- 
cated that 1 British thcnnal unit equals about 
774 foot-pounds of energy. Translated into 
e.g.s. units, this meant that there are 11,- 
600,000 ergs to the calorie; and when we con- 
sid r that the most elaborately precise mod- 
em electrical methods give, as the present 
accepted \alue of “J,” 4.1855 X 10^ ergs per 
calorie or about 778 foot-]mun(ls per British 
tluTinal unit, it is clear that Joule\s experi- 
mental skill must have been of a high order 
It has l)(’en customary, in writing thermo- 
dynamic equations involving both Ihermal ami 
mechanical energy terms, to include the factor 
,/ m the former in ord(T to r(‘duce them to tlu* 
same denomination; but the t('nd(‘ney at pres- 
ent is to expH'ss quantities of heat directly 
in ergs or joules, thereby avoiding tlu* neee‘^- 
sity of this factor (See thermodynamics.) 

MECHANICAL EQUIVALENT OE LIGHT. 

The experimental problem in this determina- 
tion is to seiiarate the visible from the infra- 
red and ultraviolet radiation Oiu proce- 
dure is to enclose a lamp, of known power 
output, in a jacket wdiieh absorbs the invis- 
ible radiation and transmits the visible, the 
former being measured by the temperature- 
rise of the jacket and the latter jihotometri- 
cally. Measurements by Ives in 1926 with 
white light gave 1.6 X 10" ^ watts per turnen. 
More recent measurements made at 555 m/x 
gave 1.46 X lO"® watts per lumen, or 680 lu- 
mens per watt. (See also luminosity function, 
standard.) 

MECHANICAL FILTER. A sharply-tuned 
filter consisting of appropriately-shaped metal 
rods which act as a series of coupled me- 
chanical resonators. Electrical coujiling into 
and out of the filter may be accomplished 
by piezoelectric transducers. Since success- 
ful operation of these filters may be achieved 
up to several hundred kilocycles, the filters 
find frequent application in the intermediate- 


frequency amplifiers of very selective super- 
heterodyne receivers. 

MECHANICAL IMPEDANCE. The com- 
plex quotient of the alternating force applied 
to a aystem by the resulting linear velocity 
in the <lirection of the force at its point of 
application The unit is the mechanical ohm, 
equivalent to 1 gm sec~h 

MECHANICAL IMPEDANCE BRIDGE. 

Any device for measurement of a mechanical 
impedance by balancing methods. 

MECHANICAL MASS. The part of the mass 
of a particle which is supposed to be an in- 
trinsic property of the panicle and not due 
to the interaction uf the particle with itself 
through the medium of some field. The two 
typos of muF^es are not* experimentally dis- 
tinguishable, however. (See renormalization 
of mass.) 

MECHANICAL MOMENT OF INERTIA. 

Moment of inertia in a meelianieal rotational 
system is that eoefficient which, when multi- 
plied by 27r times the freciueney, gives the 
positive imaginary part of the mechanical ro- 
tational impedance. The unit is tlie grara- 
(See also inertia, momenta and prod- 
ucts of.) 

MECHANICAL PASSIVITY. See passivity, 
mechanical. 

MECHANICAL PHONOGRAPH RECORD- 
ER (MECHANICAL RECORDER). An 

equipment for transfonning electric or acous- 
tic signals into meehaiucal luotion of approxi- 
mately like form and inscribing such motion 
in an approj)riate medium by cutting or em- 
bossing 

MECHANICAL REACTANCE. The imag- 
inary part of the mechanical impedance. The 
unit is tlie meelianieal ohm. 

MECHANICAL RECORD. A phonograph 
record. 

MECHANICAL RECORDER. See mechan- 
ical phonograph recorder. 

MECHANICAL RECTILINEAL IMPED- 
ANCE. See mechanical impedance. 

MECHANICAL RECTILINEAL REAC- 
TANCE. See mechanical reactance. 
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MECHANICAL RECTILINEAL RESIST- 
ANCE (MECHANICAL RESISTANCE). 
The real part of the mechanical rectilineal 
impedance. This is the part responsible for 
the dissipation of energy. The unit is the 
mechanical ohm. V 

MECHANICAL RECTILINEAL SYSTEM. 

A system adapted for the transmission of vi- 
brations consisting of one or all of the fol- 
lowing mechanical rectilineal elements: me- 
chanical rectilineal resistance, mass and 
compliance. 

MECHANICAL RESISTANCE. The real 
part of the mechanical impedance. The unit 
is the mechanical ohm. 

MECHANICAL ROTATIONAL COMPLI- 
ANCE. In a mechanical rotational system, 
that coefficient which when multiplied by 2ir 
times the frequency, is the reciprocal of the 
negative imaginary part of the mechanical 
rotational impedance. The unit is the radian 
per centimeter per dyne. 

MECHANICAL ROTATIONAL IMPED- 
ANCE (ROTATIONAL IMPEDANCE). The 

complex quotient of the alternating torque 
applied to the system by tlie resulting angu- 
lar velocity in the direction of the torque at 
its point of application. The unit is the rota- 
tional ohm. 

MECHANICAL ROTATIONAL REAC- 
TANCE (ROTATIONAL REACTANCE). 
The imaginary part of the mechanical rota- 
tional impedance. The unit is the rotational 

ohm. 


MECHANICAL ROTATIONAL RESIST- 
ANCE (ROTATIONAL RESISTANCE). The 
real part of the mechanical rotational imped- 
ance. This is the part responsible for the dis- 
sipation of energy. The unit is the rotational 
ohm. 

MECHANICAL ROTATIONAL SYSTEM. 
A system adapted for the transmission of ro- 
tational vibrations consisting of one or all of 
the following mechanical rotational elements; 
mechanical rotational resistance, moment of 
inertia and rotational compliance. 

MECHANICAL SCANNING. See television. 

MECHANICAL TELEVISION SYSTEM. 
See klevision. 


MECHANICAL VIBRATING SYSTEM; 
CIRCULAR PLATES. The vibration of cir- 
cular plates of uniform cross-section which 
are under no tension. 

MECHANICAL VIBRATING SYSTEM; 
CLOSED PIPE. A vibrating column of fluid 
in a cylindrical pipe, open at one end, at which 
there must be a loop of displacement. The 
fundamental frequency of such a pipe, /, is 
given approximately by 

/ = C/4Z, 

where c = velocity of sound in cm/sec, 
I = length of pipe in cm, / = frequency in 
cycles/sec. 

MECHANICAL VIBRATING SYSTEM; 
LONGITUDINAL VIBRATION OF BARS. 

The vibration of free rods m which the dis- 
placement of the particles is along the line of 
the bar. 

MECHANICAL VIBRATING SYSTEM, 
OPEN PIPE. A vibrating column of fluid 
in a cylindrical pipe, oi)en at both^ends, at 
each of which there must ho a loop of dis- 
placement The fundamental frequency / of 
such a pipe is given approximately by 

/ = c/21, 

where c = velocity of sound in cm/sec, 
I == length of pipe in cm, / = frequency in 
cycles/sec. 


MECHANICAL VIBRATING SYSTEM; 
STRETCHED MEMBRANE. The vibration 
of a thin flexible membrane, stretched in all 
directions by a force which is not affected ap- 
preciably by the motion of the membrane. 

MECHANICAL VIBRATING SYSTEM; 
STRING. A vibrating string, all parts of 
which vibrate in a plane perpendicular to the 
line of the string. The fundamental frequency 
of the string, /, in cycles per second, is given 
hy 


/ = 


i 

21 \ m 


where I = length of string in cm, T ** tension 
in dynes, m =* mass per unit length in gm/cm. 


MECHANICAL VIBRATING SYSTEM: 
TORSIONAL VIBRATION OF BARS. The 
vibration of a solid tube or bar in which each 
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transverse section undergoes rotational vibra- 
tion in its own plane. 

MECHANICAL VIBRATING SYSTEM: 
TRANSVERSE VIBRATION OF BARS. The 

vibration of a bar, all parts of which vibrate 
in a plane perpendicular to the line of the bar. 
The fundamental frequency of vibration de- 
pends on the clamping position as well as on 
the length, density, type of cross-section and 
elastic constants of the bar. 

MECHANICS. Mechanics is the branch of 
physics which deals with the effects of forces 
upon bodies at rest or in motion. The laws 
and phenomena of gases and liquids and solid 
bodies have a part in tliis subject, and it is 
one of the basic studies of engineering, physics 
and astronomy. It is customary to subdivide 
mechanics into the study of liquids (hydrau- 
lics, hydrodynamics and hydrostatics), the 
study of the action of gases (pneumatics), and 
the study of rigid or elastic particles or bodies 
of solid materials. It is to the latter field that 
the term mechanics is frequently restricted. 
For convenience it is further subdivided into 
statics, kinematics, and kinetics. Statics deals 
with bodi(‘s at rest, in equilibrium under the 
action of forces or of torques; kinematics deals 
with abstract motion and kinetics treats of 
the (‘ffect of forces or of toniues upon the mo- 
tions of material bodies. Me h'm usage favors 
the term dynamics, reserving mechanics for 
the more practical phases of the ficM (ma- 
chinery, building, etc.). 

Fluid mechanics is that branch of mechanics 
which deals with those fundamental laws 
which apply to all fluids (liqiiids or gases) at 
rest or in motion. 

MEDIUM. A substratum in which a given 
system of physical entities exi'^ts or in winch 
physical phenomena take place, a.s the trans- 
mission of force or energy. Physios deals with 
both material media (for example, fluids), and 
non-material media (for example, free space 
through which light may travel and which 
can be the locale of electromagnetic fields). 

MEDIUM, INFINITELY DENSE. A me- 
dium that acts acoustically like a perfectly 
rigid wall. 

MEDIUM, INFINITELY RARE. A medium 
that will not support any pressure changes. 

MEDIUM, PRESSURE RELEASE. See me- 
dium, infinitely rare. 


MEGA-. A prefix used with many physical 
units, denoting one million. Thus 1,000,000 
volts = 1 megavolt. 10® cycles = 1 mega- 
cycle. (See ultrasonics, microwaves.) 


MEC^DYNE. 


One million dynes. 


MEGA ELECTRON VOLT. One million 

electron-volts, a unit of energy. 


MEGAERG. One million ergs. 


MEGAPHONE. An acoustical source, con- 
sisting of a voice source and a horn, usually 
either a conical horn or a thin parabolic horn. 


MEGAPHONE, ELECTRICAL. A mega- 
phone consisting of a combination of a micro- 
phone, amplifier and horn loudspeaker. (See 
loudspeaker, horn.) 

MEGATRON. A name sometimes applied to 
disk-seal tubes, such as lighthouse tubes. (See 
tube, lighthouse.) 

MEISSNER EFFECT. When a supercon- 
ductor is cooled in a magnetic field the lines 
of induction are pushed out at the transition, 



Meissner Effect (Bv peinnis'-jon from "Superfluids” 
ny F London, CupyriRiit 1950. John Wiley & boats) 

a.s if it exhibited perfect diamagnetism, an 
(‘ffect essentially distinct from the zero re- 
sistivity of the metal, which must be con- 
sidered as a separate phenomenon. 

MEISSNER, OSCILLATOR. Sec oscillator, 
Meissner, 

MEL. A unit of pitch. By definition, a sim- 
ple tone of frequency 1000 cycles per second, 
40 decibels above a listener’s threshold, pro- 
duces a pitch of 1000 mels. The pitch of any 
sound that is judged by the listener to be n 
times tliat of a 1-mel tone is n mels. 

MELLIN TRANSFORM. This transform, 
/(;/), and its inverse, F(.x), are defined, sub- 
ject to certain conditions, by the relations 
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fiy) = I a:" ^F{x)dx] 

Jq 

j ^r-ftoo 

m = — I x-^S{y)dy. 

Ztti •/c— 130 y 

% 

MELT. To fuse. To pass from the solid to 
the liquid state (see fusion). A ^^melt’^ is a 
fused mass. 

MELTING CHANNEL. Tlie restricted por- 
tion of the charge in a submerged-resistor or 
horizontal-ring induction furnace in wliicli the 
induced currents are concentrated to effect 
high energy absorption and melting of the 
charge. 

MELTING-POINT. The temperature at 
which the solid crystalline and liquid phases 
of a substance are in thennodynaniic ecpiilib- 
rium. The melting-point, which depends to 
a small extent on the pressure, is well defined 
except for some glassy or resinous substances. 
The melting point is usually referred to nor- 
mal pressure, 760 millimeters. The ^‘melting 
point^' of liquid crystals is the temperature at 
which the crystals lose their anisotropic prop- 
erties. 

MELTING POINT, CONGRUENT. The 

melting point of a compound at whieh the 
solid phase and the two-component licpiid 
phase present have the same equilibrium 
composition. 

MELTING POINT, INCONGRUENT. In 

the case of a two-component system whieh 
forms a compound that dissociates below its 
melting point, the temperature at which the 
solid form of that compound is in equilibrium 
with the two-cornponent liquid and also with 
one of the solid components, or with the solid 
fonn of another compound formed from them 

MEMBRANE POTENTIAL. Sec Donnan 
equilibrium. 

MEMORY. Any device into which informa- 
tion can be introduced and then extracted at 
a later time Tin mechanism or medium in 
which the inform-rMn is retained commonly 
forms an ii.iegral part of a computer. 

MEMORY CAPACITY. The maximum num- 
ber 01 distinguishable stable states in which 


a memory device can exist is a measure of its 
capacity. It is customary to use the logarithm 
to the base two of that number, as a numer- 
ical measure of the memory capacity is a 
binary digit. 

MEMORY, SATURABLE CORE. See mag- 
netic memory. 

MENDELEVIUM. Transuranic element. 
Symbol Mv. Atomic number 101. Produc- 
tion, as nuclide of mass number 256, by bom- 
bardment of Element #99 with a beam of 
41 mev a-particles from the 60-inch cyclotron 
at the University of California. This nuclide 
has a half-life between a half hour and several 
hours. It appears to decay by spontaneous 
fission. 

MENISCUS. The curved surface of a liquid 
near the walls of its container The ^ensc of 
the curvature de])ends on the angle of contact 
between the liquid surface and the material 
of the container, being concave upwards if the 
angle is less than a right angle and convex if 
it is greater. 

MERCURY. Li(iuid metallic element. Sym- 
bol Ilg (hydrargyrum). Atomic number (SO. 

MERCURY-198. One of the isotopes of mer- 
cury which has the desirable property of hav- 
ing extraordmarily-sharp spectral lines. 

MERCURY ARC. The (dectiic fh^chargc 
through mercury vapor, between elect rofles 
either of mercury or of some solid metal, is 
among the richest sources of ultraviolet radia- 
tion and has long been used as such. In the 
more common forms now in use at least one 
electrode is of mercury, deposited in a suitable 
reservoir at the end of a quartz tube. As these 
tubes are operated on moderate voltage, it is 
necessary to start or “strike” the arc by tem- 
porarily running a small stream of mercury 
through the tube from one electrode to the 
other. This makes a mercury conductor which 
quickly grows hot and fills the tube with mer- 
cury vapor, after which the mercury stream 
is broken and the arc is self-sustaining. The 
temiierature is not nearly so high as in solid- 
electrode ares, and these lamps arc quite effi- 
cient. If the mercury vapor becomes too 
dense, the conductivity falls off; therefore in 
some forms, as the Cooper-Hewitt lamp, ar- 
rangements are provided for condensing the 
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vapor to a fixed density. The bulb must be 
made of quartz for ultra-violet because glass 
is highly opaque to that radiation. In some 
forms, a fluorite window is inserted, instead, 
in a glass bulb. Mercury arcs with glass tubes 
have proved useful to some extent for illu- 
mination and especially in photography, the 
light being a highly actinic blue-green. 

The mercury-arc tube is used primarily as 
a power rectifier but occasionally has grids 
inserted and is used for i)ower control pur- 
poses. Since the voltage drop across the tube 
is small and is constant the tube losses may 
be made relatively small by using fairly high 
circuit voltages. At a few hundred volts it is 
the most efficient converter for a-c to d-c 
transformation. In the larger power applica- 
tions the tubes are operated on polyj)hasc cir- 
cuits, going even as high as 24 or more phases, 
with a common cathode and multiple anodes. 
This gives a d-c output which has very little 
ripple and hence needs little if any filtering. 

MERCUHY-HYDROGEN SPARK GAP CON- 
VERTER. A spark gap geiuTator or power 
source which utilizes the oscillatory discharge 
of a capacitor through an inductor and a spark 
gap as a source of radio-frequency power. 
The spark gap comprises a solicl (dectrodc 
and a pool of mercury in a hydrogen atmos- 
phere. 

MERCURY, PERIHELION OF. S( peri- 
helion of Mercury, rotation of. 

MERCURY-VAPOR LAMP. See lamp, mer- 
cury vapor. 

MERCURY WATTHOURMETER. See watt 
hourmeter, mercury. 

MERIDIAN PLANE. Any jdane of an op- 
tical system which contains the optical axis. 

MERIDIANAL FOCUS. See astigmatic 
focus. 

MERIT, GAIN-BANDWIDTH. See gain- 
bandwidth. 

MERIT, SIGNAL-TO-NOISE. See signal-to- 
noise. 

MEROMORPHIC. In complex variable the- 
ory, a function is meromorphic if it is analytic 


in a region of the complex plane except at 

poles. 

MESH. A set of branches forming a closed 
path in a network, provided that if any one 
bran^i is omitted from the set, the remain- 
ing Branches of the set do not form a closed 
path. Th(‘ term loop is sometimes used in 
the sen'^e of mesh. 

MESH CONNECTION. A polyphase circuit 
connection in which the phase elements are 
connected end to end as opposed to the star 
connection where all phase elements have one 
end in common. The delta connection is the 
three-phase mesh connection and is by far 
the most common. 

MESH IMPEDANCE (SELF-IMPEDANCE). 

The ratio of voltage to current in a mesh, all 
other meshes being opened. 

MESNY CIRCUIT. A fonn of push-pull, 

ultra-high frequency oscillator. 

MESIC ATOM, See mesonic atom. 

MESOCOLLOID. A colloid composed of 
particles of relatively medium size, i.c., rang- 
ing from 0.025 to 0.25 micron. 

MESODESMIC STRUCTURE. A type of 
ionic crystal in which one of the cation-anion 
bonds is equal in strength to all the bonds 
fiom the cation to the other anions. The 
silicates are important members of this class. 

MESOMORPHIC STATE. Another term ap- 
plied to those liquids which are doubly re- 
fracting (sec liquid crystal). If the liquid is 
such that normal liquid flow docs not occur, 
but rather tlie movement is one of gliding in 
one plane, then it is of the smectic type, e.g., 
p-azoxy benzoate. The nematic type, on the 
other hand, does not possess the layer struc- 
ture of the smectic type, but resembles an 
anisotropic liquid in its ability to flow read- 
ily, and in its low viscosity. The nematic 
pha.ies arc optically uniaxial, and have a 
thread structure. 

MESON. Any elementary particle having a 
rest mass intermediate between the mass of 
the electron and the mass of the proton. The 
following table lists representative mesons: 
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Name of 
Particle 

Symbol 

Mass in 
electron 

masses 

Decay Scheme 

Mean Life 
(in seconds) 

Chi 


lOOO-V-iOO 

ir^ 4 neutral particle 

2 X 10-*-2 X 10"* 

Kappa 


>1000 

4 2p 


Mu 


210 

4 2i. 

2 1 X 10-* 

I^i 


275 

4 »» 

28 X ]0'» 

Pi 


205 

T 4 T 

Y 4 4 c” 

10-“ - 10- “ 

Tau 

r± 

975 

IT* 4 4 it” 

About ~10-' 

Theta 

e® 

950 

4 

>10-'® 


(In this tabic the charge of the particle is 
indicated by a superscript; ® indicating neu- 
trality, - indicating that particles of 'both 
feigns are known, e~ indicating the electron, 
e the positron, and v, the neutrino ) 

The International Co&niic-Ray Congress, on 
July 6-12, 1953, proposed the following classi- 
fication for inesona and hyperons; 

CLASSIFICATION OF PARTICLES 

A. Groups of Particles 
Light mesons (L-incsons) : 

TT-mesons, /x-nicfeons, any other lighter meson 
which may be discovered. 

Heavy mesons (X-mesons) : 

All particles heavier than Tr-me&ons and 
lighter than protons. 

Hyperons (F-particles) : 

All particles with mass intermediate be- 
tween that of the neutron and the deuteron 
(this definition might be revised if funda- 
mental particles heavier than dcuterons are 
discovered). 

B. ^^Christian Names^’ 

Use capital Greek letters for hyperons and 
small Greek letters for mesons. 

(1) Hyperons 

A®: particle previously known as Vi^ and 
characterized by the decay scheme A®— » 
p + -»r”. If i+ turns out (as suggested 
by some result.^ that there are particles 
with this decay scheme and different 
Q-valu^*f , they could be designated by 
different subscripts. 


A ^ : the poxsitive countoi j)art of A® with the 
possible decay schemes: 

A+->n + 7r^ 

A^-^P + 

The exifetence of these particles is indi- 
cated by recent experinicntfe. 

(2) Heavy Mesons • 

T— »37r (considered certain). 

+ 2 neutral parUcles (considered very 
probable, howeviT, the nature of the ntu- 
tral proflucts is still unknown) 

X— >7r + I neutral particle (considered as 
probable; nature of neutral particle un- 
known). 

6^: particle previously known as f®, VJ\ 
characteiizcd by the decay scheme 0^ 

TT- 4 (tt- or /Li”). If it turns out (afe sug- 
gested by some results) that there arc 
particles with this decay scheme and 
several Q-values, they could be desig- 
nated by different subscripts. 

MESON FIELD THEORY. A theory of 
nuclear forces in which the meson field acts 
as the basis of the exchange between a proton 
and a neutron. The meson mass is interme- 
diate between an electron and a proton. The 
mesons are regarded as the carriers of energy 
quanta in the meson field. 

MESON FIELD THEORY (CHARGED 
MESON THEORY). Meson field theory 

which postulates the existence of positive and 
negative, but not neutral, mesons. The ex- 
change between proton and neutron results 
from the transfer of a positive meson from the 
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former to the latter, or a negative meson in 
the opposite direction. 

MESON FIELD THEORY (NEUTRAL 
MESON THEORY). Meson field theory 

which regards the proton and neutron as dif- 
ferent energy states of tlie same fundamental 
particle, and the meson, which is responsible 
for the exchange interactions between them, 
is supposed to be elect rieally neutral. 

MESON FIELD THEORY (SYMMETRICAL 
MESON THEORY). Meson field theory 

vhieh combines the features of the neutral 
meson theoiy and the cliarged meson theory. 

MESONS OR MESOTRONS, PRODUC- 
TION OF. Mesons have been artificially 
produced by the interaction of liglit energy 
])articles and photo]l^ wWh atomic nucha; they 
liave also been produced artificially l»y itu'ans 
of high-energy interaclions between i)rotons 
and protons, protons and neutrons, or by liigli 
energy photo-production. 

MESON, MU. See meson. 

MESON, PI. See meson. 

MESON, RHO. A term that was mod for a 
short time to designate a meson ^^hicll stopped 
in a nuclear (unulsion, but a[^|nirently with- 
out any concomitant (l(‘cay r'vcnt or nuclear 
interaction. Presumably n of tb^se p- 
mesons actually were /<.-m(‘=ons, flio decay 
event being unobserved Ixrau^e of in uffieient 
sensitivity of the emulsion. 

MESON, SIGMA, A term that was used for 
a short time to designate a meson which ])ro- 
diices a star. These meson*^ were soon iden- 
tified as TT-mesons (predominantly negative) 

MESOTHORIUM (I AND II). Paciu iPive 
niudides of the thorium family Mesothorium 
I lias an atomic number of 8S, and a half-life 
of 6.7 years. It emits ^-rays and is an isotope 
of radium. Mesothorium II has an atomic 
number of 89, and a half-life of 613 hours. 
It emits )8-rays and is an i-^otope of actinium. 
Mesothorium I is produced from thorium by 
a-ray emission. Mesothorium I yields Meso- 
thorium II by /3-ray emission, which, in turn, 
yields radiothorium by ^-ray emission. 

MESONIC ATOM. System consisting of an 
atomic nucleus and a negative «■- or ;i-meson 
held to it in a bound orbit mainly by electro- 


static attraction. In general Ibere will also 
be some electrons present in bound states, but 
because of the smaller electron mass their 
orbits will be well outside of those of the 
meson. Transitions from s-statos of 7r-rn(‘Sonic 
atony are not obseiwcd, since for such states 
the 4ife-time for capture by the nucleus is 
much less than the life-time for a radiative 
transitroii. The energy-levels of a mesonic 
atom are approximately those of the corre- 
sponding ordinary atom, multiplied by the 
ratio of the meson mass to the electron mass. 

MESOTRON. An obsolete synonym for 
meson, or for the /A-racson in particular. 

METACENTER. A floating body is in equi- 
librium if the centei of gravity and the center 
of buoyancy lie on a vertical line. If the 
body is displaced by a small angle from this 
l> 0 '^ition, the center of buoyancy will move, 
and the intersection of the vertical through 
the now center of buoyancy and the line join- 
ing the center of gravity and the equilibrium 
center of buoyancy is known as the ineta- 
center Tlie equilibrium is -table or unstable 
as the nietacenter lies above or below the 
cent(‘r of gravity. 

MET ACENTRIC HEIGHT. The distance 
b( tween the metacenter and the center of 
gravity. 

METADYNE. A special, rotating-control 
g(Munjti)r moie generally known as an ampli- 
dyne. 

METAL. (1) Chemically, any element that 
can replace the hydrogen oi :ir\ acid, i e., hav- 
ing the property of forming cations, (2) A 
luemher of the class of elements characterized 
hy the Inilk i)roportics of ‘^metallic” luster, 
high eh'ctric and thermal conductivity, duc- 
tility and malleability. The division of aM 
the eleinenis into metals and non-metals is 
not shar[); (*(‘rtain elements have a foot in 
boih camps, eg, tin 

Th(» chemical properties arc signs of the 
ability of the atom to lose one or more elec- 
trons to form a stable ion. In the solid state 
thest electrons are not tightly bound to their 
separate atoms but can move nearly freely 
through the lattice, carrying electric and 
thermal currents (see free electron theory of 
metals). The plastic properties are explained 
by the high coordination number of many 
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metallic structures, a consequence of the un- 
directed metallic bonds, which allow disloca- 
tions to move freely. 

METAL DEPOSITION, DEPOLARIZA- 
TION OF. See depolarization of metal dep- 
osition. \ 

METAL-TANK, MERCURY-ARC RECTI- 
FIER. See rectifier, metal-tank, mercury-arc. 

METALLIC BOND. See bond, metallic and 
metal. 

METALLIC INSULATOR. A shorted sec- 
tion of transmission line or waveguide an odd 
number of (luarter-w^avelength.^ long Tlu* 
section offers a very high impedance to a 
waveguide, and may he emidoycd as a me- 
chanical sup])ort. 

METALLIC REFLECTION. See Fresnel 
equations for metallic reflection. 

METASTABLE NUCLEI. N iichd in excitcMl 
nuclear states that have mea'^llral)le lifelimes 
(exceeding 10“ ^^-10 ^ sec) (Set* isomer, 
nuclear.) 

METASTABLE STATE. (1) A peculiar state 
of pseudo etiuilibriuin, in which tlie system 
has acciuircd energy beyond that for its itjost 
stable state, ytd has not been rendered un- 
stable. Thus, by using great care, v^ixivv at 
7C0 nun pressure may he heatetl several de- 
grees above its normal boiling point, say 1o 
105°C, yet not boil. In this eondition it has 
received heat energy?' bt‘yond that normally 
retiuircd for liquid-vapor equilibrium, energy 
wdiich it might be exju'cted to r(‘l(*ase by 
spontaneously exploding into steam; and only 
a slight disturbance will ]jrecipitate that 
change, but the disturbance must eoiiie from 
some external source. (2) The term has been 
used in atomic physics for various excited 
states, hut its most general usage today is 
for an excited state from which all possible 
quantum transitions to lower states are for- 
bidden transitions by the ajiiiropriate selec- 
tion rules. 

METASTABLE SYSTEM. A system capable 
of undfTgoing a quantum transition to a state 
of lower energy, b it having a relatively long 
lifetime in compare on with the most rapid 
quantum Transitions of similar systems. 

METASTASIC ELECTRON. An election 
that * uvea from one atom to another, or from 


one shell to another in a given atom, or to the 
nucleus of the atom. K-electron capture, 
when*by the nucleus, usually in an induced 
radioactive rca(‘tion, captures an electron from 
the K-shcll, is an instance of electron metas- 
tasis. 

METASTASIS. A fundamental change in the 
]) 0 '^ition or orbit of a particle, as in the a-par- 
ticle emission of certain radioactive nuclei. 
(See metastasic electron.) 

METEOROGRAPH. A clock-operated in- 
strument in which j'hms trace on a rotating 
<lnim a record of temperature, relative hu- 
midity, and pressure. The instruincnt is often 
u-<cd in the upper atmosphere, )>cing earned 
aloft by a l^alloon, airjdane, or kite. (Seo aNo 
ra d iome teorograph. ) 

METEOROI.OGY. Science of the atmos- 
phere including all its aspects. Fn a more 
restricted sense in widiT use it is (he science 
of weather, bidng particularly conccTned with 
the physics of the eleuK'uts which make tlu* 
weather. • 

METER. (1) Any instrument or device used 
in a measurement. Often coinj)oiuuled ^\lth 
a i)r(Tjx Indirating the quantity niea^-iin'd, a^ 
in ammeter, voltmeter, potentiometer, (‘tc 
(2) Unit of length in metric system. (Se(‘ 
meter, standard.) 

METER-CANDIiE. A unit of illuminance, 

the same as the lux. 

METER-CANDLE-SECOND. A nnit of pho- 
togra])hie exposure currcs])()iHling to an illu- 
mination of 1 lux acting for 1 second. 

METER, MICHELSON METHOD OF 
MEASUREMENT OF. 'lo count all of the 
1,053,104.13 wavelengths of red cadiniuin ligid 
in the length of the standard meter would have 
Fjoen too great a task even for INlichelson. He 
actually counted the wavelengths in a distance 
of 0.300625 mm, then, by comparing this with 
longer and longer distances, determined the 
actual length of the meter in reprodueil)le 
wavelengths (See Iniroduciion to Optics, 
Geometrical and Physical, Robertson.) 

METER, STANDARD. The fundamental 
unit of the metric system is called the meter. 
The original standard meter bar, known as 
the metre des archives, was constructed of 
platinum in 1793. Its length at 0°C w^as sup- 
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posedly one ten-millionth of the earth’s me- 
ridian (luadrant at sea level. This standard 
su}H"rscded an earlier provisional mct(‘r based 
on the length of a seconds pendulum. In 1875 
the International Bureau of Weights and 
Measures was established at Sevres, France, 
and one of its first tasks was the construclion 
of a new standard for the meter. The result 
was the international 'prototype meter, a line 
standard made from an alloy of 90% platinum 
and 10% iridium. The meter is defined a? the 
distance between two lines on the bar when 
at atmospheric pressure and O'^C. A supph*- 
mentary definition of the meter can be given 
in terms of the wavelength of the red line of 
ea Irnium in air at 760 mm piessure and 0°C, 
according to which 1 ni — 1,553,164.13 wave- 
lengths. (This method was suggested by Pro- 
<*(‘ssor Albert A. Miclulson.) The ratio of the 
U S. yard to the standard meter is exactly 
:]r)(Kb3937 by definition A coi)y oi the inter- 
national prototype meter is ke])t at tlic Na- 
tional Bureau of Standards, Washimdon, T)(\ 
It lias n'ceiitly l)e<‘n proposed that I he wave- 
length of green radiation from the mercury 
isoto])e 19(S (a tnuch sharper and more intense 
line than the cadmium line just uu-ntioned) 
replace the cadmium line as tlu' ultimate 
standard of length n'he proja'St'd definition 
would make the international meter e(]ual 
1,831,249 21 wavelengths v' the green line 
from inercuiy 19S. 

METHOD OF COMPONENTS. A trigono- 
metrical procedure for adding forces In which 
the components of each Iona* along a chosen 
set of orthogonal coordinate axes generally 
symbolized by x, y, and z are determined. 
The components along the x, ?/, and :: axe- 
are then added up scjiarately to give ibe com- 
ponents of the resultant force. The . agni- 
tude and direction of the resultant force can 
then be determined from its components. 
These procedures can be used to add any 
vector quantities. (Pee equilibrium; compo- 
sition of forces.) 

METHOD OF MIXTURES FOR LATENT 
HEAT OF FUSION. A known ammint of ice 
is dropped into a calorimeter containing a 
known amount of water at a given tempera- 
ture. The water will cool, the final tempera- 
ture being detennined by the latent heat of 
fusion of ice and the specific heat of the 
molten ice. Since the latter is known, the 
former can be evaluated. 


METRECHON. A fonn of electrostatic stor- 
age tube. 

MEYER “HYDRAULIC” THEORY. A the- 
ory of bearing which maintains lhat the na- 
ture of the stimulation and the quality of the 
chei/ical process occurring in each of the 
sensitive cells of the cochlea detenninc the 
hensalion quality or pitch. 

MEV. Symbol fiir one million electron volts, 
a unit of energy. 

M-F. Abbreviation for medium frequency. 

MHO. A unit of conductance, the reciprocal 
ohm. 

MICHELSON - MORLEY EXPERIMENT. 

Ojfiical experiment, first performed witli suffi- 
cient accuracy in 1SS7, to detect the motion 
of the earth ihrough the etlier. A monochro- 
matic beam of light was divided by a half- 
silvered mirror and sent along two paths, later 
being brought together by further mirrors. 
According to tlie ether hypothesis the inter- 
ference fringes so formeil slum Id have moved 
as the apparatus was rotated. The fact that 
‘^uch morion was not observed was an impor- 
tant ba^is for special relativity theory. (See 
relativity theory, special.) 

MICHELSON ROTATING MIRROR (VE- 
LOCITY OF LIGHT). Sec Foucault rotating 
mirror. By placing tk* rotating min*or be- 
tween the lens and the source and with the 
source at the exact focus of the lens, Michel- 
son was able to so cun-^erve light that his 
original distance was 700 meters. Later he 
used other rotatmir luirror arrangements. His 
final published value was 299,796 km/sec. 
New measurements in progress at the time of 
his death (1931) and ])ublished attcr his death 
by his collaborators gave 299,774 km/sec. 
Bc(‘auso of the difficulty of measuring the 
exact pressure and temperature in the long 
light-paths previously used, these last meas- 
urements were made in an evacuated pipe 
(tunnel) laid around a square, one mile on a 
side. 

MICHELSON STELLAR INTERFEROM- 
ETER. An interferometer designed to be 
pla^'ed on a telescope, and used to measure 
the raigular diameter of a star. 

MICRO-. (1) A prefix used with many phys- 
ical units, denoting one one-millionth. Thus, 
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1,000,000 microinches = 1 inch; 1,000,000 
microvolts = 1 volt. (2) A prefix indicating 
smallness or extreme sensitivity, as in microm- 
eter, microscope, microbalancc. 

MICROBALANCE, An apparatus used to 
weigh minute quantities of substances ;\con- 
sequently an extremely sensitive balance. 

MICROBAR (DYNE PER SQUARE CENTI- 
METER). A unit of pressure commonly used 
in acoustics. One microbar is equal to 1 dyne 
per square centimeter. The tenn “bar” prof)- 
erly denotes a pressure of 10® dynes per s(|uare 
centimeter. Unfortunately, in acoustics the 
bar was used to mean 1 dyne per scpiare centi- 
meter. It is recommended, therefore, in re- 
spect to sound pressures that the less ambig- 
uous tenns “microbar” or “dyne per square 
centimeter” be used. 

MICROCURIE. One-millionth curie; sym- 
bol /iC. 

MICRODENSITOMETER. A device usu- 
ally applied in photographic spectroscopy to 
detect, by liglit-lransmis^^ion measurements, 
spectrum lines recorded on a negative which 
are too diffuse or faint to be seen by the eye 

MICROGRAM. One millionth of a gram, 
sometimes denoted by y. 

MICROLITER. One millionth of a liter, 
sometimes denoted by A 

MICROMETER. (1) The micrometer repre- 
sents a general principle of physical measure- 
ment, used on various instruments such as 
comparators, spherometers, compensators, in- 
terferometers, etc. It is essentially a screw of 
accurately known, uniform pitch (commonly 
1 mm or 0 5 mm), provided with a large head 
whose periphery is divided into equal parts, 
forming a scale. Turning the screw through 
a given number of these parts causes the shaft 
to travel through a distance which is a pro- 
portionate fraction of the pitch. For example, 
if the pitch is 0.5 mm and the head is divided 
into fiftieths, each scale division corresponds 
to a travel of 0.01 mm. A familiar application 
is the micrometer caliper, an instrument re- 
sembling an ordinary screw clamp. The screw 
is, however, of the ‘dcrometer design, with its 
scale reading zero v ’len the caliper is closed. 
When unscrewed and closed again upon a thin 
plate or wire, the scale reading of the caliper 
shows the thickness of that object, in hun- 


dredths of a millimeter or thousandths of an 
inch. Measuring microscopes and astronom- 
ical telescopes are frequently equipped with 
a filar micrometer. (2) The term microm- 
eter is sometimes used for the micron, one- 
millionth of a meter. 

MICROMICRO-. Prefix denoting 
Thus 1 micromicrofarad (fifif) = 10” farad 
(/). 

MICROMICRON. One millionth of a mi- 
cron, or one trillionth of a meter, sometimes 
denoted by /x/i, one inicrornicron =10”® mi- 
cron = 10”^“ meter. 

MICRON. Unit of length, abbreviation /x. 
Exactly 10”® meter and 10““* centimeter. 

MICROPHONE. A device for converting 
sound waves into corresponding electrical 
variations. 

MICROPHONE, ADP. A microphone in 

which a voltage is generated in a crystal of 
ammonium dihydrogen phosphate having con- 
verse piezoelectric properties. ^ 

MICROPHONE, ANTINOISE. A differen- 
tial microphone (see microphone, differential) 
whose signal-to-noise ratio is improved by 
virtue of the cancellation of signals from dis- 
tant (and supposedly noise) sources. 

MICROPHONE, ASTATIC. A microphone 

wdth nondirectional characteristics. 

MICROPHONE, BARIUM TITANATE. A 
microphone in which a voltage is generated 
in a barium titanate ceramic having converse 
piezoelectric properties. 

MICROPHONE, BIDIRECTIONAL. A mi- 
crophone in w^hich the response predominates 
for sound incidences of 0° and 180°. 

MICROPHONE, BOOM. A microphone 

wdiich can be mounted upon a small, light 
boom. 

MICROPHONE, CAPACITOR. A micro- 
phone which consists of a capacitor having a 
flexible diaphragm as one plate. A relatively- 
largc, d-c polarizing voltage and a load re- 
sistor are connected in series with the capaci- 
tor. Sound-pressure variations cause the flex- 
ible diaphragm to move, resulting in changing 
currents through the load resistor. 
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MICROPHONE, CARBON. A microphone 

whose output current is function of the vari- 
able resistance created as carbon granules are 
alternately compressed and expanded by a 
diaphragm. 

MICROPHONE, CARDIOID. A microphone 

consisting of a combination of a dynamic mov- 
ing-coil type pressure element and an im- 
proved ribbon type velocity element enclosed 
in a housing which serves as a protective 
guard and also as a wind screen. When the 
outputs of these two elements are combined 
equally, the directional characteristic of the 
microphone is a cardioid curve. 

MICROPHONE, CLOSE-TALKING. A mi- 
crophone designed particularly for use close 
to the mouth of the speaker. 

MICROPHONE, COMBINATION. A micro- 
phone consisting of a combination of two or 
jn(»re dissimilar microphones. Examples of 
cv)ml)ination micro])Iiones are: two oppositely- 
phased f)ressurc microphones acting as a gra- 
dient inicrojihone, and a pressure tuicrophone 
and a velocity microphone acting as a unidi- 
rectional microphone. 

MICROPHONE, CONDENSER. See micro- 
phone, capacitor. 

MICROPHONE, CONTACT. A microphone 

designed to pick up mechanical \ibraiions di- 
rectly without relying upon acoustic transfer. 

MICROPHONE, CRYSTAL (PIEZOELEC- 
TRIC MICROPHONE). A microphone 

which depends for its operation on the gen- 
eration of an electric charge hy the deforma- 
tion of a body (usually crystalline) having 
piezoelectric properties. (See bimorph cell.) 

MICROPHONE, DIFFERENTIAL. A car- 
bon-button microphone which has two but- 
tons, one on either side of the diaphragm. 

MICROPHONE, DIPOLE. A microphone 

in which the response is a function of the 
sound pressure between two distinct points. 

MICROPHONE, DIRECTIONAL. A micro- 
phone the response of w^hich varies signifi- 
cantly with the direction of sound incidence. 

MICROPHONE, DIRECTIONAL CHARAC- 
TERISTIC OF. An expression of the varia- 
tion of the behavior of a microphone with 
respect to direction. A polar diagram of the 


output variation of the microphone with di- 
rection is usually employed. 

MICROPHONE, DYNAMIC. A microphone 

in which the sound-actuated diaphragm drives 
a coil positioned in a constant magnetic field, 
thu^producing the desired induced voltage. 

MICROPHONE, DYNAMIC INDUCTOR. 

A moving-coil microphone with a V-shaped 
diaphragm and a single straight conductor 
mounted along the bottom of the V. Sound 
waves cause the diaphragm to vibrate and the 
single conductor is moved in a magnetic field, 
thus generating an output voltage. 

MICROPHONE, ELECTRICAL IMPED- 
ANCE FREQUENCY CHARACTERISTIC 
OF.. T1 le electrical impedance at the output 
terminals of the microphone as a function of 
frequency. 

MICROPHONE, ELECTRONIC. A micro- 
phone ^\hich depemls for its operation on the 
generation of a voltage by the motion of one 
of the electrodes in an electron tube. 

MICROPHONE, ELECTROSTATIC. Sec 
microphone, capacitor. 

MICROPHONE, FIELD RESPONSE FRE- 
QUENCY CHARACTERISTIC. The ratio 
e/p as a function of frequency, where e is the 
open circuit voltage generated by the micro- 
ydiono, in volts, and p is the sound pressure, in 
dynes/cm-, in a free progressive wave prior 
to the introduction of the microphone. (Pee 
wave, free progressive.) 

MICROPHONE, GRADIENT. A micro- 
phone the output of which corresponds to a 
gradient of the sound piessure. Ciradient mi- 
crophones may be of any order as, for exam- 
ple, zero, first, second, and so forth. A pres- 
sure microphone is a gradient microphone of 
zero order. A velocity microphone is a gra- 
dient microphone of order one. Mathemati- 
cally, from a directivity standpoint for plane 
waves the nns response is proportional to cos 
nO, wdiero 0 is the angle of incidence, and n 
is the order of the microphone. 

MICROPHONES, HIGHER ORDER GRA- 
DIENT. Microphones in which the response 
corresponds to the order of the gradient of the 
sound pressure. The directional characteris- 
tics of gradient microphones are cosine func- 
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tions; the power of the cosine is the order of 
the gradient. 

MICROPHONE, HOT-WIRE. A micro- 
phone which depends for its operation on the 
change in resistance of a hot wire produced 
by the cooling or heating effects of a ^'und 
wave. 

MICROPHONE, HYDROSTATIC. A mi- 
crophone containing an element which is sen- 
sitive to hydro'^tatic pressure. A barium ti- 
tanate microphone is an example of this type. 

MICROPHONE, LAPEL. A microphone 
adapted to positioning on the clothing of the 
user. 

MICROPHONE, LINE. A directional* mi- 
crophone (see microphone, directional) con- 
sisting of a single straight-Jine element, or an 
array of contiguous or spaced electroacoustic 
transducing elements, disposed on a straight 
line, or the acoustic equivalent of such an 
array. 

MICROPHONE, LIP. A microphone which 
is adapted for use in contact with the lip 

MICROPHONE, MAGNETOSTRICTION. 
A microphone whicli depends for its opera- 
tion on the generation of an electromotive 
force by the deformation of a material having 
inagnetostrictive (see magnetostriction) prop- 
erties. 

MICROPHONE, MAGNETOSTRICTION 
SUBAQUEOUS. A microphone design(‘d to 
operate under water in which a voltage is gen- 
erated in a coil surrounding a rod having 
inagnetostrictive properties. (Pee magneto- 
striction.) 

MICROPHONE, MASK. A microphone de- 
signed for use inside an oxyg»m or other type 
of re^pirato^y mask. 

MICROPHONE, MOVING-COIL (DY- 
NAMIC MICROPHONE). A moving-con- 
ductor microphone (see microphone, moving 
conductor) in which the movable conductor 
is in the form of a coil. 

MICROPHONE, MOVING-CONDUCTOR. 
A microphone the electric output of which re- 
sults from the motion of a conductor in a 
mag’ietic field. 


MICROPHONE, NONLINEAR DISTOR- 
TION CHARACTERISTIC OF. A plot of 
the total distortion of a microphone, in per 
cent of the fundamental, as a function of the 
frequency. 

MICROPHONE OMNIDIRECTIONAL 
(NONDIRECTIONAL MICROPHONE). A 
microphone the response of whicli is essen- 
tially independent of the direction of sound 
incidence. It should be noted that, in tliis 
case, omnidirectional refers to elevation as 
w'ell as azimuth. In radio antenna practice 
this is not necessarily the case. 

MICROPHONE, PARABOLIC. A micro- 
phone whose directional characi eristics have 
been improved by a parabolic reflector. 

MICROPHONE, PARABOLIC-REFLEC- 
TOR. A microphone employing a parabolic 
reflector to improve its directivity and sensi- 
tivity. 

MICROPHONE, PHASE DISTORTION 
CHARACTERISTIC OF. A ploU of the 
phase angle tietween tlie \oltage output of 
Die microphone, with respeci to some refer- 
ence voltage, as a function of the freciucncy 

MICROPHONE, PIIASE-SHIFT. A micro- 
phone employing jihase-shift networks (see 
network, phase shift) to produce directional 
properties. 

MICROPHONE, POLYDIRECTIONAL. A 

directional microphone (see microphone, di- 
rectional) which can bo adjusted to operate 
as nondirectional, bidirectional, etc. 

MICROPHONE, PRESSURE. A micro- 
phone in wdiich the electric output substan- 
tially corresponds to the instantaneous sound 
pressure of the impressed sound waves. A 
pressure microphone is a gradient microphone 
(sec microphone, gradient) of zero order and 
is nondirectional when its dimensions are 
small compared to a wavelength. Various 
types of jircssure microphone include the car- 
bon, cr}"stal and capacitor microphones. 

MICROPHONE, PRESSURE-ACTUATED, 
RIBBON. A moving-coil microphone (see 
microphone, moving-coil) in wliieh a light, 
corrugated metallic ribbon is suspended in a 
magnetic field. The ribbon is free to vibrate 
in response to sound waves. 
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MICROPHONE PRESSURE - RESPONSE 
FREQUENCY CHARACTERISTIC. The 

ratio c/p as a function of frequency, where e 
is the open-circuit voltage in volts generated 
by the microphone and p is the sound pres- 
sure upon the diaphragm of the microphone, 
in dynes/cm^. 

MICROPHONE, PUSH-PULL. A micro- 
phone which makes use of two like micro- 
])honc elements actuated by the same sound 
waves and operating ISO® out of phase. 

MICROPHONE, QUARTZ-CRYSTAL, SUB- 
AQUEOUS. A microphone, designed to o])- 
erate under water, in wliich a voltage is gen- 
erated in a quartz crystal having converse 
piezoelectric properties. 

MICROPHONE, RIBBON. A moving-con- 
ductor microplioiie (see microphone, moving- 
conductor) in which the moving element con- 
sists of a thin, flat stri]) of metal, suspended 
in a magnetic field In addition to acting as 
a one-turn moving coil, tlu' riblxm acts (‘fli'c- 
tively as a diaphragm. The microphone has 
a very low impedance, is quite direct ionnl, and 
has generally good frequciicy-charaeteristies. 
It is often reterred to as a velocity micro- 
phone (see microphone, velocity) since its 
output is inluMxaitly sensitivi* to th(‘ velocity, 
rather than the pressure of the im])indng 
sound waves. 

MICROPHONE, SINGLE-BUTTON CAR- 
BON. A carbon microphone wliieli h a car- 
bon granule resistance element on only one 
side of the dia])hragm. 

MICROPHONE, STANDARD. A micro- 
phone the rcs])onse of which is accurately 
known for the condition under whieli it is to 
be used. 

MICROPHONE, SUBAQUEOUS CON- 
DENSER. A microphone wliich is designed 
to operate under water and which depends 
for its o])eration on variations in the electrical 
capacitance of a iiarallel-plate condenser. 

MICROPHONE, THROAT. A microphone 

normally actuated liy mechanical contact 
with the throat. 

MICROPHONE, ULTRA-DIRECTIONAL. 
A microphone consisting of a number of sepa- 
rate lines, each covering a certain portion of 
the frequency range. 


MICROPHONE, UNIDIRECTIONAL. A 
microphone with a substantially unidirec- 
tional pattern over the response range. 

MICROPHONE, UNIDIRECTIONAL, 
COMBINATION TYPE. A unidirectional 
mic^'phone consisting of a bidirectional mi- 
croyHione and a nondirectional microphone. 

MICROPHONE, UNIDIRECTIONAL, SIN- 
CLE-ELEMENT TYPE. A unidirectional 
microphone consisting of a single element 
electroacoustic transducer with a phase- 
shifting net\^ork. (See network, phase-shift- 
ing.) 

MICROPHONE, UNIDIRECTIONAL. UNI- 
PHASE DYNAMIC TYPE. A unidircr tional 
mierpphone employing a diaphragm- voice 
coil tiansducor unit aqd a phase .<*hiftiiig 
acoustical network to obtain unidirectional 
characteristics. 

MICROPHONE, VARIABLE RELUC- 
TANCE (MAGNETIC MICROPHONE). A 
microphone wbieh depends for its operation 
on variations in the reluctance of a magnetic 
circuit. 

MICROPHONE, VELOCITY. A micro- 
phone in which tlu electric output substan- 
tially corresponds to the instantaneous par- 
ticle velocity (see velocity, particle) in the 
impressed sound wave. A velocity micro- 
I)honc is a gradient microphone (see micro- 
phone, gradient) of order one, and it is in- 
herently bidirectional. 

MICROPHONE, WAVE TYPE. A micro- 
phone wliich (lepenns for directivity on wave 
interference. 

MICROPHONIC NOISE. The high-iutched 
note which comes from the speaker of an am- 
plifier or radio receiver when the set is sub- 
jected to a mechanical shock. It is caused 
by mcclianical vibration of the vacuum-tube 
eU'ctrodes altering the electrical response of 
the tube. Hence any electrical disturbance 
resulting from mechanical disturbance of cir- 
cuit elements. 

MICROPHONISM (MICROPHONICS) (IN 
AN ELECTRON TUBE). The modulation of 
one or more of the electrode currents result- 
ing from the mechanical vibration of a tube 
element. 
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MICROPHOTOGRAM. A greatly-enlarged 
photograph of a spectrum, or of a graphical 
record of a spectrum. 

MICROPHOTOGRAPH. A very small pho- 
tograph or one tlmi has been greatly reduced 
in scale. (See photomicrograph.) 

MICROPHOTOMETER. See microdensibm- 
eter. 

MICRORADIOGRAPHY. The radiography 

of small objects where the detail is too fine 
to be seen by the unaided eye and the radio- 
graph must eitlier be examined with a low- 
power microscope or an enlargement niu^t be 
made by projection. It is a relatively new 
field and one which is rapidly assuming con- 
siderable imjiortanee in the study of sections 
of tissue, leaf structure, insect anatomy, M‘eds, 
spray materials, textiles and artificial fiber's 
and even the distribution of the constituents 
in an alloy. For this latter the material must 
be in the form of a thin section Soft, i e , 
low-voltage, x-rays are used and single- 
coated, fine-grain, high-resolution films or 
plates. The resulting radiograph may be en- 
larged from 10 to 100 times, depending on the 
subject, the film or plate, and the voltage 
used in exposing the radiograph. 

MICRORECIPROCAL DEGREE. A con- 
venient unit for the exjiression of reciprocal 
of the color temperature (see temperature, 
color). The value is expressed in micio- 
reciprocal degrees by the exjjression Ml). = 
1,000 ,000/eolor temperature (°K). 

MICROSCOPE. The optical instrument that 
bears this name consists essentially of two 
parts. (1) The objective is a lens combina- 
tion, usually of ^inall aperture and short focal 
length, which forms a real, inverted, and 
much enlarged image of the object at a point 
high up in the microscope tube, very much as 
a stereopticon objective throws an enlarged 
picture upon a distant screen. The olijective- 
lens system is composed of several positive 
lenses, the first of wdiich is hemispherical with 
its plane surface facing the object. Following 
tliis is a larger convexo-concave or “menis- 
cus” lens, and then tw^o still larger plano- 
convex achromati lenses (2) The eyepiece 
or ocular is placed :jyond, with its focal plane 
coinciding with this image, and acts as a col- 
limator, 60 that one looking into it sees a 
virtual image, subtending a wide angle. The 


instrument is focused by varying the distance 
betw^een objective and object. 

A magnifier is sometimes known as a simple 
microscope or a pocket microscope. 

MICROSCOPE, COMPOUND. A micro- 
scope containing more than one lens or lens- 
system, commonly the lens-system in the ob- 
jective and that in the eyepiece. This is the 
type of microscope m most general use. 

MICROSCOPE, PHASE-CONTRAST. See 
phase-contrast microscope. 

MICROSCOPE, POLARIZING. A micro- 
-^cope equipped with apparatus to examine 
objects under illumination by polarized light. 

MICROSCOPE, ULTRAVIOLET. A micro- 
scope in wdiich ultraviolet light is used to 
illuminate the object or field under examina- 
tion. Some observing method, frequently 
})hotogra])hic, must be used instead of the 
eye Beeaus(' the resolving p(»wer of a micro- 
scope IS inversely as the w^avcleugth of the 
light used, an ultraviolet microscope may be 
iK^ed to resolve details too small tO be seen 
with vi‘'ible light For still higher resolution, 
an electron microscope is used. 

MICRCrSCOPIC MOBILITY. The mobility 

of an untiapped particle in a semiconductor. 

MICROSCOPIC REVERSIBILITY, PRIN- 
CIPLE OF. A postulate that each micro- 
vcopie proee-'S occuinng must be accompa- 
nied by an inverse process As stated in a 
^p(‘(‘ifie ease by Mitchell and Zenianskv: “At 
(‘(juilibriuin, the total number of molecules 
leaving a given quantum state in unit time 
.shall equal the number arriving at that state 
in unit time, and also in unit time the num- 
ber leaving by any one particular path shall 
be equal to the number arriving by the re- 
verse path.” 

MICROSPECTROSCOPE. A combination 
microscope and spectroscope. 

MICROSTRIP. A microw^ave transmission 
eonqionent utilizing a single conductor sup- 
ported above a ground plane The configura- 
tion is equivalent to a parallel-wire system, 
for the image of the conductor in the ground 
plane produces the required symmetry. Losses 
are low, the component is extremely com- 
pact, and the cost is low since printed-circuit 
techniques may be employed for fabrication. 
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Microvolts Per Meter — Miller Indices 


MICROVOLTS PER METER. The stand- 
ard unit of signal strength or intensity of a 
transmitter, measured at some point. It is 
determined by dividing the receiving antenna 
voltage (microvolts) by the length (meters) 
of this antenna. 

MICROWAVE. An electromagnetic wave 
having a wavelength in the microwave re- 
gion. 

MICROWAVE ABSORPTION IN PARA- 
MAGNETIC SUBSTANCES. See paramag- 
netic resonance. 

MICROWAVE ABSORPTION SPECTRA. 
The pure rotation spectra of many molecules 
lies m a frequency region which corresponds 
to a radiation wavelength in the millimeter 
range. By passing microwaves (millimeter 
wavelength range) through a gas, an ahsoip- 
tion spcetiiim of the pure rotation frequen- 
cies of the gas molecules may he obtained. 

MICROWAVE EQUIVALENT WHEAT- 
STONE BRIDGE. A waveguide structure 
with six arms which may he used to measure 
the ratio of admittances, (See figure.) 



Physical structure of Inl^•rn^\avv'' Wheatstone Budge 
(By perinissioii from ‘‘Miciowave Theory and Tech- 
niques” by Ueich et al , Copync:! 1. 1953, D Van Nos- 
trnnd Co., Inf’ '' 

MICROWAVE REGION. The portion of the 
electromagnetic spectrum lying between the 
far infrared and the conventional radiofre- 
queney portion. While the microw^ave region 
is not bounded by definition, it is commonly 
regarded as extending from 300, 000 mega- 
cycles to 1000 megacycles (1 mm to 30 cm in 
wavelength) . 


MICROWAVE SPECTROSCOPY. See mi- 
crowave absorption spectra. 

MIGRATION AREA (NUCLEAR REAC- 
TOR). The migration area of a medium is 
one-sixth the mean square distance that a 
neutron travels from its birth in fission un- 
til ibfe absorption. The medium is assumed 
to be of infinite extent. In Fermi age theory 
of thermal reactors, the migration area is the 
sum of the ago an 1 the square of the thermal 
diffusion length. In multigroup theories of 
thermal leaetois the migration area is the 
sum of the aquares of the diffusion lengths 
for the various groups. 

MIGRATION, ATOMIC. In its simplest 
form, tlie transfer of the valence bond of an 
atom^from one atom to another wdthin a mole- 
cule. 

MIGRATION LENGTH. The square root 
of the migration area. 

MIGRATION TUBE. A glass electrolytic 
ap])aratus used for investigation of ionic mi- 
grations. When it is filled with a solution 
containing ions and an indicator, and an elec- 
tric current is passed, progress of the color 
change discloses the progress and rate of the 
migration of tlie ions. 

MIKE. The abbreviation in common usage 
for microphone. 

MILLER BRIDGE. A bridge for mea-uring 
lie amplification factor of vacuum tubes. 

MILLER CIRCUIT. A circuit which em- 
[iloys negative feedback fioui the output to 
the input of an amplifier througli a capacitor. 

MILLER EFFECT. The effect, due to feed- 
back, which cjnises the input capacitance of a 
vacuum-tube amplifier to be larger than the 
sum of the static electrode capacitances. In 
some circuits a capacitor is deliberately 
placed hetwx'cn the grid and plate to provide 
a much larger magnitude of capacitance 
across the input terminals. 

MILLER INDICES. Acconling to the Haiiy 
law, the intercepts of any crystal plane on 
the crystal axes may be expressed as rational 
fractionfil multiples of the crystal parameters. 
The Miller indices are the reciprocals of these 
fractions, reduced to integral proportions. 
Thus, the symbol (211) means the plane hav- 
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ing intercepts b, c on the thive axes re- 
spectively. The notation 2 is used to mean 
— 2. In the hexagonal crystal system, four 
indices, the Bravais-Miller indices, are used. 

MILLER INTEGRATOR. A capacitor in- 
tegrator utilizing (•ai)acitanoe produced by the 
Miller effect. \ 

MILLI-. A ])refix used with many physical 
units, denoting one one-thousandth. Thus 
1000 millimeters 1 meter, 1000 milliain- 
peres = 1 ampere. 

MILLIBAR. The unit of j)ressure used in 
meteorology is the millibar, which is 1/1000 
part of a bar. A bar is 1,000,000 dynes per 
sq cm. A millibar, therefore, is 1000 dynes 
per sq cm. ‘‘Bar” is often used ])y physicists 
and acoustic enginecTs to denote 1 dyne per 
aq cm. Also .spelled barye. 

MILLICURIE. One-thousandth of a curie, 
symbol me. 

MILLIGRAM. One-thousandth of a gram. 

MILLIKAN METER. An ionization cham- 
ber of integrating type, especially useful for 
cosmic ray measurements. One of its features 
is a built-in electroscope, consisting of a gold- 
plated quartz fiber arrangement under tor- 
sion, which stands away from (is rejiclled 
by) its support when charged. The effect of 
the arrival of the charge to be ineaMin’d is to 
neutralize partly the origimil charge and per- 
mit the fiber to approach its supjiort. 

MILLILAMBERT. A unit of luminance, 
equal to 1/1000 lambcrt or to 1/1000 tt 
candle/sq cm. 

MILLILITER. One-thousandth of a liter. 
One milliliter is 1.00(X)28 cubic centimeters. 

MILLIMASS UNIT. One-thousandth of an 
atomic mass unit; symbol mmu. 

MILLIMETER. One-tbousandth of a meter. 

MILLIMICRON. A unit of length eipial to 
10“’^ cm or 10 ® mm. Visible light has a 
wavelength of a few hundred (‘400-750) mil- 
limicrons. Frequently written iri/*. 

MILNE METHOD. A numerical procedure 
for solving a difu.ential equation. If the 
given eq*: ition is y' = f{x.y), four values 
each of y aud y' are calculated by the method 
of Picard, expansion in the Taylor series or 


otherwise. The next value of y is predicted 
by integration of the Newton interpolation 
formula and corrected by the Simpson rule 
applied to the derivative. The process is re- 
peated step-by-st(‘p as long as is necessary or 
desirable. 

MILNE THEORY. See kinematical relativ- 
ity. 

MINIM. A unit of liquid measure, the sixti- 
eth part of a fluid dram. 

1 minim — 0.06161 milliliter. 

MINIMAX. See saddle point. 

MINIMUM. A ])()int Xo for a functitm y = 
/(.r) where the value of y is less than at auy 
other ]K)irit m the neighborhood of x = Xo 
(see maximum). The tost for a minimum is: 
dy/dx =. 0 or oo at x — x,,; dij/cLv < 0 for 
X < Xo; dy/dx > 0 for x > x„; d‘^y dx^ > 0. 

MINIMUM BOILING POINT. A two-com- 
ponent or multi-compoiHuit lifjiiid system, in 
which a particular composition of^the com- 
ponents has a lov\(*r boiling j)oiiit than the 
pure comjionents. or than any oUut com])()- 
sition of them, is said to have a minimum 
boilingqmint. It is the temperature at which 
boiling liegins when the Systran is lieaterl un- 
der conditions of stable equilibrium. 

MINIMUM IONIZATION. Sec ionization, 
minimum. 

MINIMUM PERCEPTIBLE DIFFERENCE 
(ACOUSTIC). The minimum differenoe in 
the fro(iuency of two sounds that can be de- 
tected by the ear. 

MINKOWSKI SPACE. A flat space of four 
dimensions of which three specify the posi- 
tion (x, yj z) of a point in space and the 
fourth dimension represents the time t at 
which an event occurs at that point. Usually 
the coordinates in the sj)ace are denoted by 
Xi {i - 1,2, 3, 4) with Xi = x, Xo = = 2 , 

X, = where ?^ = — 1. It is also possible to 
write X 4 — rt, but then it is necessary to as- 
sociate with the sjiaeo the metric where 

^33 ^ g44. ^ 

MINOR CYCLE. In a digital computer 

using serial transmission, the time required 
for the transmission of one word, including 
the space between words. 
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Minor of a Determinant — *"Mixer” 


MINOR OF A DETERMINANT. A deter- 
minant of order m <C n obtained l)y deleting 
one or more rows and columns of a determi- 
nant of order n. If the row and column con- 
taining the element are removed, the re- 
sulting detenninant is called the comple- 
mentary minor to Aa, 

MINORITY CARRIER (IN A SEMICON- 
DUCTOR). The type of carrier constituting 
less tlian half of the total number of carriers. 

MINOR LOBE. See lobe, minor. 

MINUTE. (1) Unit of time, abbreviation 
m or min. One 14401 h part of a mean solar 
day; 00 seconds. (2) Unit of angle, abbrevia- 
tion '. One OOtli part of a degree. 

MIRAGE. A curious atmospheric phenome- 
non caused by the total reflection of light at 
a layer of rarefied air. The most familiar 
manifestation is observed in warm weather on 
])aved highways. The air next to Ihe pave- 
ment become^ heated and rarefied in compari- 
son with that above it, so that at a sufficient 
angle of incidence, obj('cts lieyond the area 
arc mirrored as if liy })olished silver, giving 
tiu* almost irresistible im{)ression tlnit one is 
looking at a lay(T of water. I'nuelers in liot 
desert rc'gions are sometimes thus doc«‘iv(’(l 
Much more rarely the jihenomenon a])pears 
in the air at a liiglier lev(‘l than the observer. 
In either case the images are inverted; and 
because of the irregular contour of ho air 
layer, tliey arc usually distorted A .'some- 
what different effect, kiio\Mi a^ “looming,” is 
|irodiiced by the refraction of light passing 
from rarefied air to a lower and denser layer. 
This results in distortion, making distant ob- 
jects apfiear grotesqiu'ly elongated vertically, 
or in lifting into view objects beyond tin ,.ori- 
zon. It is most frequently observed at sea. 

MIRROR NUCLIDES. Pairs nf miclidcs, 
having their nuinbers of protons and neutrons 
so related that each member of the pair would 
be transformed into the otlnr by exchanging 
all neutrons for protons and vice versa, 

MIRROR SIGN CONVENTION, gee sign 
convention. 

MISCH METAL. An alloy of cerium, lan- 
thanum, and didymium sometimes sputtered 
on the cathodes of voltage-regulator glow- 
tubes to decrease the cathode fall. Arcs with 


a misch metal electrode are sometimes used 
to purify noble gases. 

MISCIBILITY. The ability of two or more 
substances to mix, and to form a single, homo- 
geneous phase. 

MISCIBILITY GAP. The range of values in 
a given condition, usually temperature, un- 
der which liquids that arc otherwise com- 
pletely miscible mix only i)artially, or not 
at all. 

MISCIBILITY, PARTIAL. In binary liquid 
systems A, li, it is possible to find liquids 
vliieh are only partially miscible in each 
other. At a fixed temperate re there is a con- 
centration range over which two licpiid havers 
are fqrmed, one consisting of A saturated with 
B, the oth.‘r of B saturated with A. When 
the tvo layers are in equilibrium they are 
tcimed eon|iigat(‘ "lolulions. Systems of this 
tyjie are o))tained with liquid pairs such as 
water and jdienol, and aniline and hexane. 

MITSCHERLIt.H, LAW OF. gub.stances 
that are similar in cr>^stallini' form and chem- 
ical nalure usually have similar chemical 
fonmilas. Mitscherlich exi ended this con- 
c('ption by concluding that the crystalline 
form of c()m])oun(h \\as detennined only by 
the number and arrangemimt of their constitu- 
ent atoms, bui this is by no means a general 
law 

MIXED CRYSTALS. A homogeneous solid 
.solution in wlii(‘h the crystal lattice sites are 
occui)ip<l, at randtiin, by the molecules or ions 
of two different compounds. The property of 
forming a mixed crystal i.s tyqfical of isomor- 
phous .substances, which must, however, also 
have similar atomic dimv'nsions. 

MIXED HIGH FREQUENCIES. The high- 

freiiuency portion of a color-television video 
signal wliich is the same for all color channels. 

MIXED HIGHS. Those high-frequency 
component.s of the picture signal which are 
intenficfl to be reproduced achromatically in 

a color pictiu*e. 

“MIXER.” (1) In a transmission recording, 
or reproducing system, a device having two 
or more inputs, usually adjustable, and a 
common output, which operates to combine 
linearly, in a desired proportion, the separate 
input signals to produce an output signal. 
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The term is sometimes applied to the operator 
of the above device. (2) In a superhetero- 
dyne receiver the firsl detector (or trans- 
ducer, heterodyne conversion). 

MIXER, CRYSTAL. A heterodyne conver- 
sion transducer employing a crystal rectifier 
as the modulating element. \ 

MIXER TUBE. See tube, mixer. 

MIXING. In isotope separation by gaseous 
dififusion through barriers, the process — dif- 
fusion, turbulent convection, or other — where- 
by the concentration gradient of the lighter 
isotope normal to the diffusion barrier is kept 
as small as possible. 

MIXING EFFICIENCY. A measure of the 
effectiveness of the mixing process in tenns 
of the effective simple process factor, and the 
factor which would obtain under conditions 
of perfect mixing. 

MIXING-LENGTH THEORY (TURBU- 
LENT SHEAR FLOW). A theory of turbu- 
lent shear flow that assumes the effect of tur- 
bulent motion can bo rejiresented by suppos- 
ing that small volumes of the fluid are trans- 
ported a certain distance by the turbulent mo- 
tion before mixing completely with their sur- 
roundings. During the period of transport, 
the small volumes carry with them unchanged 
the temperature or concentration (of another 
miscible fluid) approjiriate to their place of 
origin. In the momentum transfer form of 
the theory, they also carry with them the 
initial momentum of the fluid volume, but the 
vorticity transfer theory assumes vorticity 
but not raomenturn conserved during the trans- 
port process. 

MIXING, SYNCHRONOUS. A product 
modulator used as a mixer or heterodyne con- 
version transducer. 

MKS SYSTEM. A system based directly 
upon the present-day metric fundamental 
standards, the meter, the kilogram, the mean 
solar second; whereas the e.g.s. system is based 
on the centimeter, gram and second. For 
example, the unit of work or energy, 

the joule, is equa^ co 1 kg meter VJ^ec^ or 1 
meter-new. on, while the corresponding e.g.s. 
unit, the erg, is 1 gram cmVsec^ or 1 centi- 
meter-dyne. 


MKSA UNITS. The practical (and absolute) 
electrical units based on the meter, kilogram, 
second, and ampere as fundamental units. 

MMU. Symbol for millimass unit, one-thou- 
sandth of an atomic mass unit. 

MOBILE EQUILIBRIUM, PRINCIPLE OF. 

Any change occurring in one of the condi- 
tions, such as temperature or pressure, under 
which a system is in equilibrium, causes the 
system to tend to adjust itself so as to over- 
come, as far as possible, the effect of that 
change. 

MOBILE TRANSMITTER. See transmitter, 
mobile. 

MOBILITY. (1) Random motion of various 
particles, such as sub-atomic particles, atoms, 
ions, molecules and colloidal particles. (2) 
Directed motion of charged particles subject 
to the action of forces and fields of for(‘e. 
Hence, tlie term mobility applies to all proc- 
esses of electrical conduction, whether by 
ions, by electrons, by “holes, etc. The mo- 
bility, /jt, is given by the exprcssioit 

tr 

^ ne 

W'here o- is the conductivity, e is the chaT’ge 
of the carriers, and n is their number-density 
The mobility is, therefore, exjiressed in cm/ 
see per volt/cm, or in similar units, and it 
gives the drift velocity of the carriers under 
the influence of a unit ch'ctrie field. In semi- 
conductors the mobility may be directly de- 
termined from the Hall effect, and is related 
to the mean free time r, between collisions by 
the formula 

= er/m 

and to the Hall coefficient, by the formula 
n = Rho^ 

where cr is the conductivity. 

MOBILITY ANALOGY. An acoustical-me- 
chanical dynamical analogy in which velocity 
corresponds to a voltage and force corresponds 
to a current. (See mechanical impedance 
and neighboring entries.) 

MOBILITY, HALL (OF AN ELECTRICAL 
CONDUCTOR). The quantity ft in the rela- 
tion 


M ® Rffa 
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Mobility, Intrinsic -- Modulation 


where /i is the Hall mobility, Rn is the Hall 
coefficient, and a is the conductivity. (See 

mobility; Hall effect.) 

MOBILITY, INTRINSIC. See intrinsic mo- 
bility. 

MOBILITY, LIMITATION OF, The mobil- 
ity of electrons in crystals is limited by two 
effects, scattering by thermal vibrations of 
the lattice (intrinsic mobility), and scatter- 
ing by impurities. (See Conwell-Weisskopf 
formula.) 

MOBILITY, MICROSCOPIC. See micro- 
scopic mobility. 

MOBILITY OF IONS, EFFECTIVE. See 
ions, effective mobility of. 

MOBILITY OF IONS IN SOLIDS. Conduc- 
tion of electricity in ionic crystals is due to 
tlic motion of lattice defects, cither of the 
Schottky or Frenkel type. The mobility is 
given by 

where y)(> is a numerical constant, and E is an 
activation energy, which depends on the en- 
ergy required to make a defect and on tlie 
height of the energy barrier that must be sur- 
mounted in order that the defect may move. 

MOBILITY, SEMICONDUC TOR. See drift 
mobility. 

MOBIUS STRIP. Take a strip of paper, give 
it a half-twist and paste the two ends together. 
The result is a one-added surface. 

MOBIUS TRANSFORMATION. A general 
linear transfonnation in the complex plane 
Also called a homographic transformation. 

MODE FILTER. A selective device designed 
to pass energy along a waveguide in one or 
more modes of propagation and substantially 
reduce energy carried by other inodes. 

MODE OF PROPAGATION (TRANSMIS- 
SION). A form of propagation of guided 
waves that is characterized by a particular 
field pattern in a plane transverse to the di- 
rection of propagation, which field pattern 
is independent of position along the axis of 
the waveguide. In the case of uniconductor 
waveguides, the field pattern of a particular 
mode of propagation is also independent of 
frequency. 


MODE OF RESONANCE. A form of nat- 
ural electromagnetic oscillation in a resonator, 
characterized by a particular field pattern 
which is invariant with time. 

MODE TRANSDUCER (MODE TRANS- 
FORMER). A device for transforming an 
olect/oinagnetic wave from one mode of prop- 
agation to another. 

MODERATING RATIO. In nuclear tcch- 
nology the ratio of the slowing down power 
to tlie macroscopic absorption cro^s section 
(sec cross section, macroscopic). It is a 
measure of the effectiveness of a moderator. 

MODERATION. vSlowing down of a particle 
by collisions with nuclei. This term is ap- 
plied especially to neutrons. 

MODERATOR. A sulistance, such as graph- 
ite, used to slow down neutrons by means of 

collisions. 

MODULATED AMPLIFIER. See amplifier, 
modulated. 

MODULATED COLOR SUBCARRIER. See 
carrier color signal. 

MODULATED WA^ E. A wave, some char- 
acterirtic of which varies in accordance with 
the value of a modulating wave. 

MODULATING ELECTRODE. An elec- 
trode to which a potential is applied to con- 
trol the juagnitiide of the beam current. 

MODULATING SIGNAL. Tiie same as 
modulating wave. 

MODULATING WAVE. A wave which 
causes a variation of some characteristic of 
the carrier. 

MODULATION. The process or result of 
the process whereby some charaicteristic of 
one wave is varied in accordance with an- 
other wave. In radio communications, the 
modulated wave is called the carrier, and the 
other wave is called the modulating wave. 
By extension, the term modulation is applied 
to any process that varies a characteristic of 
the earlier. The carrier may be altered in 
accordance with the intelligence (speech, 
music, television picture signal, etc.) in three 
fundamental ways, by varying the amplitude 
of the carrier giving amplitude modulatiott, 
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by varying the frequency of the carrier giving 
frequency modulation, or by varying the 
pliase of the carrier, thcTchy })roflucing phase 



Csmv . . Prepupney 

(o) Modulated Wav^ 

ModulalMi 

modulation. For definitions of these, and 
many related and derived type's of modula- 
tion, see llie following entries, and also^ those 
under frequency modulation. 

MODULATION, ABSORPTION. A system 
for producing amplitude modulation (see 
modulation, amplitude) of the output of a 
radio transmitter by nu'ans of a variable- 
impedance (U'vicc inserted in or coupled to 
the output circuit. 

MODULATION, AMPLITUDE, OR AM. 
Modulation in which the amplitude of a wave 
is the characteristic subject to variation. 

MODULATION, CONTROLLED - CAR- 

RIER. Amplitude modulation (see modula- 
tion, amplitude) systems in which the ampli- 
tude of the carrier is made to vary in ac- 
conlance with the amplitude of the modulat- 
ing signal (averaged over a short pcixod of 
time). 

MODULATION DETECTOR, AMPLI- 
TUDE. See detector; demodulator. 

MODULATION, ANGLE. Modulation in 

which tlie angle of a sine-wave carrier is the 
characteristic subject to variation. Phase and 
frequency modulation are particular fonns 
of angle modulation. 

MODULATION CAPABILITY (AURAL 
TRANSMITTER). The maximum percentage 
modulation that can be obtained without ex- 
ceeding a given distortion figure. 

MODULATION, CATHODE. Amplitude 
modulation (?ee modulation, amplitude) ac- 
complished bj application of the modulating 
voltage to tlie cathode circuit. 


MODULATION, CATHODE PULSE. Mod- 
ulation produced in an amplifier or osciUator 
by application of externally generated pulses 
to the cathode circuit. 

MODULATION, CONSTANT - CURRENT 
(FIEISING). A system of amplitude modula- 
tion (see modulation, amplitude) wherein the 
output circuits of the signal amplifier and the 
carrier-wave g('ncrator or amplifier are di- 
rectly and conduetivoly coupled by means of 
a common inductor, which has ideally infinite 
impedance to the signal frequencies and which, 
therefore, maintains the common plate-supply 
current of the two devices constant. The sig- 
nal-frequency voltage, thus appearing across 
the common inductor, appears also as modula- 
tion of the plate supply to the carrier genera- 
tor or amp]ifi(‘r, with corresponding modula- 
tion of the caiTior output. 

MODULATION, CROSS. A type of inter- 
modulation due to modulation of tiu' carrier 
of the desired signal by an undesired signal. 

MODULATION, DOUBLE. A modulation 

system in wliich tlie modulating signal used 
to modulate a sub-carrier. Tlic modulated 
sub-carrier is used in turn to modulate a 

carrier. 

MODULATION, DOWNWARD. Modula- 
tion in wliich the instantaneous amplitude of 
the modiilatcfl w^ave is never gn'ater than the 
am])litiide of tlie unmodulated carrier. 

MODULATION, DUAL. The modulation of 
a single earner by two methods (sucli as am- 
plitude- and frequency-modulation) simul- 
taneously. 

MODULATION, EFFECTIVE PERCENT- 
AGE. For a single, sinusoidal input compo- 
nent, the ratio of the peak value of the funda- 
mental component of the ('nvelopc to the 
direct-ourrent component in the modulated 
eoiiflition, expressed in per cent. It is some- 
times conv('nicnt to cx})ress percentage mod- 
ulation in decibels below 100 per cent mod- 
ulation. 

MODULATION, ELECTRICAL. See elec- 
trical modulation. 

MODULATION FACTOR. (1) The ratio of 
the peak variation actually used to the maxi- 
mum design variation in a given type of mod- 
ulation. In conventional amplitude modula- 
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tion the maximum design variation is con- 
bidered that for which the instantaneous am- 
plitude of the modulated wave reaches zero. 
(2) The modulation factor of an amplitude- 
modulated wave, has also been defined as the 
ratio of half the difference between the maxi- 
mum and minimum am])litudes to the average 
amplitude. In lin^'ar modulation, the aver- 
age amplitude of the envelope is ecpial to the 
amplitude of the unmodulated wave, provided 
there is no zero-frequency component in the 
modulating signal wave (as in telephony) 
For modulating signal waves having unequal 
positive and negative' peaks, positive and neg- 
ative modulation factors may be de'fined as 
the ratios of the maximum (U'partures (posi- 
tive and negative) of the ('nveloj)e from its 
av('rage value, to its avernge value 

MODULATION, FREQUENCY. See fre- 
(jucncy modulation for these entries 

MODULATION, GRID. Modulation pro- 
(Ine^'d by (he introduction of the modulating 
signal into the control-grid rireuit of any tube 
in which the carrier is jiresent. 

MODULATION, GRID BIAS. Sec' modula- 
tion, grid. 

MODULATION, GRID PUI.SE. Modula- 
tion i^roducod in an amplifier or oscillator hv 
apiilication of one or more pulses to a grid 
circuit. 

MODULATION, HIGH-LEVEL. Modula- 
tion produced at a ])oint in a system where 
the power level ap])roximat(‘^ that at the out- 
put of the system. 

MODULATION, HUM. Modulation of a 
radio-frcfiuency or detected signal by hum. 

MODULATION INDEX. For a sinusoidal 
modulating wave, the ratio of the frequency 
deviation to the frequency of the modulating 
wave. 

MODULATION, INTENSITY. Ibproduc- 
tion of an image by the variation of the light 
output of a cathode-ray tube in accordance 
with the signal. 

MODULATION, LOSS. See loss modulation. 

MODULATION, LOW-LEVEL. Modula- 
tion produced at a point in a system where 
the power level is low compared with the 
power level at the output of the system. 


MODULATION MEASUREMENT BY 
COMPONENT METHOD. A method which 
requires the linear rectification or detection 
of an amplitude-modulated carrier. After 
filtering, the d-c \alue of output is propor- 
tional to the carrier, and the a-c value of the 
outpiji is proportional to the modulation. The 
ratio/of the a-e to the d-c values, multiplied 
by 100 is thus the percentage modulation. 

MODULATION MEASUREMENT BY 
DOUBI.E.RECTIFIER METHOD. A 

me! hod of measuring peak anqilitude mod- 
ulation employing a diode detector. The 
aAcrage \alue of tlw* pulsating d-c output is 
])ro])ortional to the carrier, the highest values 
of tlie d-c are caused by jiositive modulation 
peak^^ and the lowest voltages result from 
the negati\e modulation peaks. 

PoMtive Modulation % = 100(Fj, — 

Negative Modulation % = 100(1% — Fn)/Fc 

Alodiilation % = 1()0(Fp — F,i)/2F(. 

where T% is the average value of d-e output, 
Vp is the maximum value of d-e output, and 
1% is the minimum value of d-e output. 

MODULATION, MULTIPLE. A succession 
of processes of modulation in w’hieh the mod- 
ulated wave from one proec'ss becomes the 
modulating wave for the next In designat- 
ing mult i})le-mo(lulat ion systems 1 ) 3 ^ their 
letter s 3 mibols, tlu' processes are listed in the 
Older in ^\hicli the signal intelligence encoun- 
teiv them For example, PPAI-AM means a 
system in which one or more signals are used 
to poMtion-moduIate their lespeetivc pulse 
subcarriers \^hlch are spaced in time and are 
used to amplitude-inodulate a carrier. 

MODULATION, NEGATIVT. In an ampli- 
tude-modulation television system, that form 
of modulation in which an increase in bright- 
ness eorre‘-ponds to a decrease in transmitted 
pov er. 

MODULATION, NEGATIVE PICTURE. In 

television, a method of transmitting the tele- 
vision video signal so that all the picture 
values are reversed. The brightest portions 
of the image arc represented by the least 
amount of voltage, while the dark sections 
of the image have large voltage (or current) 
values. 
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MODULATION NOISE. See noise, modula- 
tion. 

MODULATION, PERCENTAGE. The mod- 
ulation factor expressed as a percentage. 

MODULATION, PHASE (PM). Angle mod- 
ulation (see modulation, angle) in whicl^ the 
angle of a sine-wave carrier is caused to de- 
part from the carrier angle hy an amount pro- 
portional to the inslantaneous v<alue of the 
modulating wave. (Combinations of jihase 
and frequ(*ney modulation arc eomiiionly re- 
ferred to as ‘'frequency modulation.” 

MODULATION, PLATE (ANODE). Mod- 
ulation produced by introducing the modulat- 
ing signal into ilie plate circuit of any tube 
in which the carrier is present. 

MODULATION, POSITIVE. In an ampli- 
tudo-modidation television system, lhat form 
of modulation in which an increase in bright- 
ness corresponds to an increase in transmitted 
power. 

MODULATION, PULSE. (1) Modulation of 
a carrier by a pulse train. In this sense, the 
term is used to describe the process of gen- 
erating oarrier-fro(|uency ])ulses. (2) Mod- 
ulation of one or more characteristics of a 
pulse carrier. In this sense, the term is used 
to describe methods of transmitting informa- 
tion on a pulse earner. (Sec quantized pulse 
modulation.) 

MODULATION, PULSE-AMPLITUDE OR 
PAM. Modulation in which the modulating 
wave is caused to amplitude-modulatc a pulse 
carrier. 

I^ODULATION, PULSE-CODE (PCM). 
Ajj^ulation wdiich involve.^ a pulse code. This 
generic term, and additional sjiecification 
required for a &])ecirie purpose 

MODULATION, PULSE-DURATION OR 

PDM. Pulse-time modulation in wdiich the 
value of each instantaneous sample of the 
modulating w^ave is caused to modulate the 
duration of a pulse. The terms “pulse-width 
modulation” and “pulse-length modulation” 
also have been used to designate this system 
of modulation. In pube-duration modulation, 
the modulating wave may vary the time of 
occurrence of the leading edge, the trailing 
edge, or both edges of the pulse. 
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MODULATION, PULSE FREQUENCY 
(PFM). A form of pulse time modulation 
(sec modulation, pulse time) in which the 
pulse repetition rate is the characteristic 
varied. A more precise term for “pulse fre- 
quency modulation” would be “pulse repeti- 
tion-rate modulation.” 

MODULATION, PULSE-POSITION OR 
PPM. Pulse- time modulation (see modula- 
tion pulse-time) in which the value of each 
instantaneous sample of a modulating wave 
Ls caused to modulate the position in time of 
a pulse. 

MODULATION, PULSE-TIME OR PTM. 
Modulation in which the values of instan- 
taneous samples of the modulating wave are 
caused to modulate the time of occurrence'' of 
some characteristic of a pulse carrier. Pube- 
duration modulation and pulse-position mod- 
ulation are particular forms of piilsc-timc 
modulation. 

MODUI.ATION, REACTANCE. Modula- 
tion jiroduced by a variable reactaneg. Re- 
actance modulation may bo acliicvcd in the 
follow'ing ways: Eleetronically by the use of 
a reactance tube; mechanically by varying 
the capacitor ])lalc-s[)aeing or position with 
a motor or other device; electrically by vary- 
ing the effective inductance of an iron-core 
inductor by superimposing a tl-e magneto- 
motive force; or electrically by superimpos- 
ing a d-c electrostatic field on a capacitor, 
whose dielectric constant varies as a function 
of electrostatic field strength. 

MODULATION, SCREEN-GRID. Modula- 
tion produced by introduction of the modulat- 
ing signal into the screen-grid circuit of any 
nniltigrid tube in which the carrier is present. 

MODULATION, SELF-PULSE. Modula- 
tion effected by means of an internally gen- 
erated pulse. For example, see blocking 
oscillator.” 

MODULATION, SERIES. Plate modulation 
of a clasR-C amplifier (see amplifier, class-C) 
stage by the insertion of a modulator tube 
directly in the anode or cathode lead of the 
stage. Since the use of a modulation choke 
or transformer is not required, the circuit is 
capable of uniform frequency response over 
a wide frequency-band. 
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MODULATION, SINGLE-SIDEBAND OR 
SS. Modulation whereby the spectrum of the 
modulating wave is translated in frequency 
by a specified amount either with or without 
inversion. 

MODULATION, SPARK-GAP. A modula- 
tion process which produces one or more 
pulses of energy, by means of a controlled 
spark-gap breakdown, for ai)plication to the 
element in which modulation takes place 

MODULATION, SUPPRESSOR GRID. 
Modulation produced by introducing fhe mod- 
ulating signal into the suppressor grid of a 
pentode, in which the carrier is also present. 

MODULATION, TIME. See time modula- 
tion. 

MODULATION, VELOCITY. A form of 
electron modulation in which the (‘lecirons 
passing through a resonant cavity in a tube 
such as the klystron are acted uf)on by a mod- 
ulating field in such a manner that their 
velocities cause them to pass through the 
collector cavity in gro\ips. 

MODUT.ATION, VESTIGIAL SIDEBAND. 

An amplitude-modulation (see modulation, 
amplitude) system which transmits one side- 
band and a portion of the other sideband 
vbich lies adjacent to the carrier frequency. 
Thi« is the modulation sy.stem em]>loyed by 
the video portion of television transmitters, 
as a bandwidth-conservation measure. 

MODULATOR. A device to effect tl e proc- 
ess of modulation. 

MODULATOR, BALANCED. A modulator, 

specifically a push-pull circuit, in which the 
carrier and modulating signal are so intro- 
duced that, after modulation takes phee, the 
output contains the two sidebands withe it the 
carrier. 

MODULATOR, CLASS-A. A class-A am- 
plifier (see amplifier, class-A) which is used 
specifically for the purpose of supplying the 
necessary signal power to modulate a carrier. 

MODULATOR, CLASS-B. A class-B ampli- 
fier (see amplifier, class-B) which is u«ed spe- 
cifically for the purpose of supplying the 
necessary signal power to modulate a carrier. 

MODULATOR, COPPER-OXIDE. A recti- 
fier modulator (see modulator, rectifier) , hav- 


ing copper-oxide rectifier elements. Widely 
used because of permanence of characteristics. 

MODULATOR, FREQUENCY. A device for 
producing frequency modulation. (See re- 
actance tube.) 

MODULATOR, MAGNETIC. See magnetic 
amp/ifier. 

MODULATOR, PRODUCT. A modulator 

whose output is proportional to the product 
of the carrier and Mie modulating signal. The 
desir(‘d result can be aeliieved by sampling 
the modulating wave briefly at regular inter- 
vals at tlie cairicr rate, and applying the en- 
s('mble of samples to the input of a band- 
pass filter having a center frequency coinci- 
dent with the carrier fre(i|iu riey. One funda- 
iiieiitAI property of a product modulator is 
that (he carrier is normally supprcbsed. 

MODULATOR, PUl.SE. A device which 
applies pulses to the clement in which mod- 
ulation takes place. 

MODULATOR, REACTANCE. A device, 
used for the purpose of modulation, whose 
reactance may be varied in accordance with 
the instantaneous amplitude of the modulat- 
ing electromotive force applierl thereto. This 
is normally an i‘l(‘ctron-tube circuit and is 
commonly used to effect ifliase or frequency 
mofl Illation (See modulation, phase or mod- 
ulation, frequency.) 

MODULATOR, RECTIFIER. A modulator 
employing a diode or diodes. The carrier 
source, modulating source, diode, and load are 
conventionally connected in series. Because 
of iTiherently low efficienc\ , this method is 
employed only at small signal levels 

MODULATOR, SQUARE LAW. A device 
whose output is proportional to the square -ttf' 
its input. The carrier and modulating si^l^d 
are added in the input to produce a modulated 
carrier in the output. 

MODULI OF ELASTICITY. See modulus 
of elasticity. 

MODULUS. (1) Tlie absolute value of a 
complex number. It may be interpreted as 
the length of a vector representing the number 
in complex space Thus the modulus of 

(a -t i6) is (a^ -f or if the number is 
given in the form r(cos ^ sin 4 >) or 
its modulus is r. 
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(2) The modulus of common logarithms is 
log e = 0.434294- • • , the factor which converts 
a natural logarithm to a common logarithm. 
Similarly the modulus of natural logarithms 
is In 10 = 2.302585- 

(3) A parameter which occurs in elliptic 

functions or integrals. . 

(4) A formula, coefficient, or constant' that 
exj)resses a measure of a property, force, or 
quality, such as elasticity, efficiency, density, 
or strength. 

MODULUS OF ELASTICITY. The ratio of 
the unit stress to tlu‘ unit deformation of a 
structural elastic material is a con'^tant, as 
long as the unit stress is below the propor- 
tional limit, and is called the modulus of 
elasticity. The '-.hearing modulus of ela‘-ticity 
is frequently called the modulus of rigidity. 
(See proportional limit, tension test, Hooke 
law.) 

MODULUS OF RESILIENCE. Sec resil- 
ience. 

MODULUS OF RIGIDITY. See shear mod- 
ulus. 

MOIRE. In television, the spurious pattern 
in the reproduced picture resulting from inter- 
ference beats between two sots of periodic 
structures in the image Moires may be pro- 
duced, for example, liy intcTference between 
regular patterns in 1b(‘ original subject and 
the target grid in an image orthicon, between 
patterns in the subject and the line pattern 
and the pattern of phosphor dots of a three- 
color kinescope, and between any of these 
patterns and the pattern pioduced by the 
carrier color signal. 

MOLAL. Pertaining to moles, as that terra 
is used in chemistry to refer to gram-molec- 
ular weights, which are the molecular weights 
of substances expressed in grams; or as of 
a solution, eontaining one gram-molecular 
weight of solute per kilogram of solvent. 

MOLAL CONCENTRATION. The number 
of moles (gram-molecules) of a substance per 
unit mass of a phase or a system. For exam- 
ple, a molal solution contains one gram- 
molecular weight of solute dissolved in one 
kilogram of solvent. 

MOLAL VOLUME. The volume occupied 
by one mole of a substance in a specified state 
under specified conditions. The molal volume 


of gas, under standard conditions, is approxi- 
mately 22.4 liters. 

MOLALITY. Tlie number of moles (gram- 
molecules) of a substance per unit mass of a 
phase or system, as of solute per kilogram 
of solvent. 

MOLAR. Pertaining to molecules, or to 
moles per unit volume; thus a molar solution 
is one containing one gram-molecular weight 
of solute per liter of solution. 

MOLAR ABSORPTION COEFFICIENT. 
See Beer law. 

MOLAR CONCENTRATION. The number 
of moles (gram-molecules) of a substance pcT 
unit volume of a system. For example, a 
molar solution contains one mole of solute 
per liter of solution. 

MOLAR CONDUCTANCE. S('e conduct- 
ance, molar. 

MOLAR EXTINCTION COEFFICIENT. 
Se(‘ Beer law. 

MOLAR (HEAT CAPACITY, VOLUME, 
POLARIZATION, . . . ETC.). The heat 
capacity, volume, iiolarizaiion, . . etc , of 
one gram molecular weight or mole of a sub- 
stance. f-ince a mole contains always the 
same number of molecules, whatever the sub- 
stance, molar (juantities usually occur in laws 
connecting atomic and macroscopic jihenom- 
ena in rather simpler ways than do fpiantities 
expressed “per unit mass,’^ or “jkt unit vol- 
unie.^^ (^ce, for example, Dulong and Petit 
law.) 

MOLAR LATENT HEAT OF VAPORIZA- 
TION. The quantity of lieat required to con- 
vert one mole of a substance into vapor at its 
boiling point under atmospheric pressure. 

MOLAR QUANTITY, APPARENT. See ap- 
parent molar quantity. 

MOLAR SURFACE. The surface of a sphere 
the mass of which is one mole. 

MOLAR SURFACE-ENERGY. The energy 
necessary to form a sphere (gravitational in- 
fluene(‘s removed) from a mass of any liquid 
equal to one mole. At the critical point 
the molar surface energy is zero. It decreases 
proportionately to increase of temperature, 
and its temperature coefficient is the same for 
all homogeneous liquids. 
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MOLAR VOLUME. The volume occupied 
by a mole of any substance in vapor (reduced 
to 0°C and 760 mm). For gases it is approxi- 
mately equal to 22.4 liters. 

MOLE (MOL). One gram-molecule of any 
substance, i.e., the molecular weight of the 
substance expressed in grams; thus a mole of 
sulfuric acid weighs 98.08 grams. 

MOLE FRACTION. The fraction r?t/n, that 
is, the ratio of the number of moles (or mole- 
cules) of any constituent of a homogeneous 
mixture to the total number of moles (or mole- 
cules) . 


+ ^*2 + • * • + * ‘ * ^ 


is assumed, which can induce a dipole in other 
molecules. Quadrupole-dipole interaction gives 
force 


which^ is negligible except at short distances. 
(3) lijndon dispersion effect, so called because 
of its connection with optical dispersion. 
Molecules which have no average dipole mo- 
ment, still possess an instantaneous dipole 
moment which averages out in time. Inter- 
action between these and other induced in- 
stantaneous dipoles gives force 


1 



where Ni is the mole fraction of constituent i, 
is the number of moles of constituent f, and 
r? is the total number of moles of all the con- 
stituents of the mixture 

MOLECULAR. Pertaining to, or character- 
istic of, molecules. 

MOLECULAR ATTRACTION. Force of at- 
traction between molecules ^hich plays an 
important role in many idicnouKMUi, eg, in 
causing departure of behavior of real gases 
from ideality. JMolecular attractive forces 
an' thought of in terms of three contiibutions, 
all electrostatic. (1) The oruataiion effect 
(Keesom) applies to molecules possessing a 
permanent dipole moment. Interactio i be- 
tween the rotating dipoles gives net attr*ctive 
force between two molecuIc^ 


where r is the separation, T the absolute tem- 
perature. This cannot account for Ci me 
cohesive force, because the latter varies much 
less rapidly with temperature, and because 
many molecules do not possess permanent 
dipoles. (2) Induction effect (Debye). Since 
dipoles arc not rigid, each is affected by the 
field of the others, giving effectively additional 
induced dipole. Interaction between induced 
and inducing dijiolcs gives attractive force 

1 

Fi ex 

r 

independent of temperature. For non-polar 
molecules, existence of “quadrupole moments” 


In addition, there are fluctuating quadrupoles 
which induce fluctuating dipoles, giving force 


The relative importance of all these effects de- 
pends on tlic type of molecule. 

MOLECULAR BEAM. A unidirectional 
stream of neutral molecules passing through 
a vacuum, generally with thermal velocity. 
Such a beam may be produced by emergence 
from a pinhole in a chamber containing low 
pi’essiirc gas or vapor, and it may be defined 
by a system of slits. By pas'^ing the beam 
through known electric or magnetic fields, 
quantities sucli as nuclear magnetic moments 
can be determined. (See molecular ray; mass 
spectrograph.) 

MOLECULAR BEAM RESONANCE 
METHOD FOR NUCLEAR MAGNETIC 
MOMENTS. See Rabi method. 

MOLECULAR COLLISION. Collision be- 
tween molecules, wdiich may be perfectly 
elastic (e g., gas iii thermodynamic equilib- 
rium), or inelastic, resulting in chfemical re- 
action, radiation, etc. The pressure of a gas 
is attributed to collision of the molecules with 
the walls of the container. 

MOLECULAR CRYSTAL. See crystal, 
molecular. 

MOLECULAR DIAGRAM. A drawing to 
scale which shows certain of the structural 
properties of a molecule, and the constituent 
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atoms^ including the bonds between the atoms, 
the effective radii, the ionic radii, and, in gen- 
eral, the shape of the molecule. 

MOLECULAR DIAMETER. Values for the 
molecular diameter have been obtained by 
calculation, using the equations for the mean 
free path, for diffusion, for polarization), for 
viscosity, for thermal conductivity, ana for 
specific heat. Values for the molecular diam- 
eter of the same gas computed by more than 
one of those methods often agree closely, but 
it is not a precise quantity, except that it 
measures the general extent of the electronic 
cloud about the molecule. 

MOLECULAR DISTILLATION. An isotope 
separation process in which molecules are 
evaporated from a surface at extremely low 
pressures and are condensed before undergo- 
ing collisions. 

MOLECULAR EXCITATION. The ))rocess 
of putting an atom or a molecule into a con- 
dition in which the total energy of its interior 
mechanism is greater than it is in the nonnal 
or “ground” state. (This does not refer to 
energy of translational motion of the particle 
as a whole.) According to the quantum the- 
ory, the energy required to accomplish such a 
change must be supplied in certain definite 
amounts or quanta. An amount different 
from an “excitation limit” can not be re- 
ceived by the atom or molecule. The neces- 
sary energy may be supplied by a collision 
with another atom or with an electron (as a 
cathode particle), or by tlie advent of a radia- 
tion quantum. In the former ease the imping- 
ing atom or electron must have at least a cer- 
tain speed (see critical potential) ; in the 
latter, the frequency of the radiation must be 
sufficient to give its quanta the necessary en- 
ergy. (Sec Planck law.) 

MOLECULAR FIELD APPROXIMATION. 

A simple and often reasonably accurate 
method for treating i)roblems of ferromag- 
netism, antiferromagnetism, etc. Each mag- 
netic ion is treated independently as if in a 
field consisting of any external field, H to- 
gether with the field //' created by the net 
polarization of its neighbors. //', in its turn, 
gives the ion an average polarization, which 
must be put equal that assumed for any 
equivalent neighbers. This sclf-consistency 
condition is -uffieient to give the polarization 
as a function of temperature. The assumed 


field H' may not be just a magnetic field, but 
the equivalent effect of other processes, such 
as the exchange interaction between the spins. 
The method is equivalent to the Bragg-Wil- 
liams treatment of order-disorder phenomena. 

MOLECULAR FLOW. The relative rate of 
flow of gas molecules through a fine orifice, a 
function of the gas pressure and density, and 
the size and character of the orifice. 

MOLECULAR FREE PATH. The average 
free path or distance traveled by a molecule 
between collisions in a gas or in a solution. 

MOLECULAR MODEL. A scale model, 
made of wires, varicolored balls, or other de- 
vices, which shows certain of the structural 
features of a molecule and its constituent 
atoms — their grouping, relative positions, etc. 

MOLECULAR NUMBER. (1) The sura of 
the atomic numbers of the atoms in a mole- 
cule. (2) An integral number denoting the 
position occupied by a given molecule in a 
series obtained by arranging molecules in 
order of increasing molecular freciueficy. 

MOLECULAR ORBITAL. The wave func- 
tion of an electron moving in the field of the 
other cledrons and nuclei composing a mole- 
cule. (See orbital.) 

MOLECULAR ORIENTATION IN SUR- 
FACE. The nature of the packing of the 
surface layer of molecules. For example, a 
condensed film of a long-chain fatly acid on 
water is arranged in such a way that the gen- 
eral direction of the chains is probably up- 
right. In the corresponding gaseous film, the 
molecules may lie flat on the surface. In the 
case of a polar alipliatic litjuid, the molecules 
of the surface layer orient themselves with 
their non-polar hydrocarbon chains towards 
the air, and the polar ends pointing in the di- 
rection of the liquid. 

MOLECULAR PUMP. See diffusion pump. 

MOLECULAR RAY. See molecular beam. 

MOLECULAR ROTATION. The product 
of the specific rotation and the molecular 
weight, divided by 100. 

MOLECULAR SOLUTION. A solution in 
which the solute is present in aggregates not 
containing more or less than one molecule of 
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solute; in other words, a solution in which 
there are no associated molecules or ions. 

MOLECULAR SOLUTION VOLUME. The 

difference in volume between one liter of pure 
solvent and a solution that contains one mole 
of dissolved substance per liter. 

MOLECULAR SPECTRUM. See spectrum, 
molecular. 

MOLECULAR VELOCITY. In general, the 
velocity of a molecule due to random thermal 
motion, i.e., the quantity c appearing in the 

Maxwell-Boltzmann distribution law. 

MOLECULAR VELOCITY, MEAN. If an 

assembly of particles contains a number 
moving with velocity Ci, r ?2 motdng with veloc- 
ity ^2 •••, the mean velocity c is defined as 

. __ H 

tti + ?l2 + • • * 

Strictly speaking, the mean molecular velocity 
in a gas in equilibrium is zero. The* term is 
often used, ho^\ever, to indicate tlu' mean 
speed, in which case the values of c are aver- 
aged without regard to sign. It may then be 
shown from the Maxwcll-Boltzmann distribu- 
tion law that the mean molecular velocity is 



MOLECULAR VELOCITY, MEAN- 

SQUARE. If an assembly of partick^ con- 
tains a number ??i moving witli velociLy Ci, 
n 2 with velocity C 2 , * • *, etc., the mean square 
velocity c‘^ is defined as 

-- + 722^2^ H 

r 

+ n2 -\ 

This quantity appears, for example, in the 
expression for the pressure of an ideal gas 
according to the kinetic theory. It can be 
shown from the Maxwell-Boltzmann distribu- 
tion law that the mean square velocity is con- 
nected with the mean velocity (see molecular 
velocity, mean) by the relation 


MOLECULAR VELOCITY, MOST PROB- 
ABLE. If the function given by the Maxwell- 
Boltzmann distribution law is plotted against 


the velocity c, a smooth curve is obtained 
which has a maximum at a value of c which 
may be denoted by a, where a is called the 
most probable velocity. It increases with 
temperature, and is connected with the mean 
velocity (see molecular velocity, mean) by 
the relation 

i 2a 



MOLECULAR VOLUME OR MOLAR VOL- 
UME. The volume oceupiiul by one mole of 
a solid, liquid or gas, which is found by divid- 
ing the molecular weight by tlie density. One 
mole of any substance couhiins 6 0253 X 10^® 
molecules (the Avogadro constant). 

MOLECULAR WEIGHT. The relative mass 
of a compound, calculated on the basis of an 
atomic weight for oxygen of 16, and obtain- 
able by adding the atomic \\ eights c»f the 
elements in the compound, multiplying each 
atomic weight by the number of atoms of that 
element present in the fonnula of the com- 
pound. (1) If atmospheric oxygen is taken 
as the reference standard (atomic weight = 
16), the molecular weiglit obtained is called 
the chemical molecular weiglit. (2) If the 
oxygen isotope of mass number 16 is taken 
a'? the standard, the molecular weight obtained 
is called the jihysical molecular weight. 

MOLECULE. The smallest particle of any 
substance that can exist free and still exhibit 
all of the chemical properties of the original 
sub-stance 

MOLECULE. ACTIVATED. A molecule 
containing one or more excited atoms, (See 
atom, excited.) 

MOLECULE, ISOSTERIC. One of two or 

more molecules possessing es'^entially the same 
valence configuration, usually the same total 
number and arrangement of valency electrons. 

MOLECULE, HOMONUCLEAR. A mole- 

rule composed of atoms whose nuclei are iden- 
tical in charge and mass. 

MOLLIER DIAGRAM. The properties of a 
vapor, as recorded in vapor tables, may be 
displayed graphically in a number of ways, 
among which the most used, and piobably the 
most valuable, is the charting upon a plane 
whose coordinates are enthalpy or total heat 
and entropy. Generally, the total heat is 
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made the ordinate, and entropy the abscissa. 
This chart of the properties of vapor is named 
the Mollier Diagram, and is of considerable 
use in tracing both tlieoretical and actual ex- 
pansions of vapor. A throttled expansion on 
the Mollier Diagram is parallel to the constant 
heat lines, and adiabatic expansion is parallel 
to the constant entropy lines. Pressure, cjual- 
ity or superheat, and total temperature arc 
shown on tlie Mollier Diagram as series of 
lines curved and inclined to the axes. Thus 
all characteristics of a vapor except volume 
may be displayed on the Mollier Diagram. 

MOLYBDENUM. Metallic element. Sym- 
bol Mo. Atomic number 42. 

MOMENT. Moment consists of the product 
of a quantity and a distance to some s^lgnifi- 
cant point connected with that quantity. Tlie 
principal moments are moments of forces, mo- 
ments of lines, moments of areas, and mo- 
ments of masses. Two types of moments are 
statical moment and the moment of inertia. 
Unless specificially stated to be otherwise, the 
word moment would be taken to mean statical 
moment. A idiysical picture of moment may 
be obtained by considering the moment of a 
force (called torque). It is the magnitude of 
the force multiplied by the moment arm which 
is a perpendicular drof)p(‘d from the moment 
center to the line of action of the force Tliis 
moment is the turning effect on a body against 
which the force is applied. Tlie moment of an 
area is the magnitude of the area multiplied 
by the pierpendicular distance from the cen- 
troid of the area to the axis of moments. Sim- 
ilarly the moment of a solid is its weight mul- 
tiplied by the distance from its center of mass 
to the axis of moments. 

The summation of moments of a force enters 
into one of the three equations of statical equi- 
librium. In a case of equilibrium, this summa- 
tion must always equal zero about any chosen 
moment center. The moment of an area about 
a line is of use in finding the centroid of an 
area, since the magnitude of the area multi- 
plied by the distance to a parallel line through 
the centroid must equal the summation of all 
the incremental areas multiplied by the perpen- 
dicular distances from the centers of these areas 
to this reference line. Thus in the irregular 
figure shown the dihtf.nce from the T-reference 
axis (any convenient line) to a parallel line 
through the . ^ntroid of the figure is determined 
by summing the elementary moments, i.c., 



aijy and ecjuating lh(‘ summation to the product 
of the total area, A, and the eentroidal dis- 
tance //. 


Summation of ay 



In a similar manner the location of a line, 
through the center of gravity, may be obtained 
in relation to the A-ret(*rence axis (any other 
convenient line not paiallel to the r-referenee 
line). That IlS ^ 


Summation of ax 



The inteVsection of these two lines, whose loca- 
tion is gi\^en l)y x and /y, the center of gravity 
of the area. The center of gravity of a solid 
may be found in a similar manner by the use 
of tlirec* reference axes 

The use of the statical moment in finding 
centroid of areas or masses ('xtends to areas 
and shapes wdiicli are made iij) of a number 
of elementary areas or masses wlio^^e centroids 
are coniinon knowledge. Thus a trapezoid 
could be considiTcd as made up of two tri- 
angles; a rivet, of a hemisphere and a cylinder 
This method is also useful in computing cen- 
troids wdien the outline of the figure is ex- 
pressed by a mathematical equation, since 
then the summation of ox and ay may be ob- 
tained as definite integrals. Cases of irreg- 
ular figures which would not be analyzable 
by either of these methods can be treated by 
graphical means. 

MOMENT OF FORCE. The product of the 
magnitude of a force, and the perpendicular 
distance from the line of action of the force 
to a point which is the center of the rotation 
induced by that force. 
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MOMENT OF INERTIA. See inertia, mo- 
ments and products of. 


MOMENT OF INERTIA, PRINCIPAL. See 
inertia, moments and products of. 


MOMENT OF MOMENTUM (ANGULAR 
MOMENTUM). For a collection of particles 
and a given origin, the quantity 


rj X 



is eallcd the moment of momentum of the ;th 
l)article al)Out the origin, where t, is the posi- 
tion vector from origin to jtli panicle; m, is 

(I r 

the mass of jth particle; - ■' is the time rate of 

dt 

change of position vector; X indicates the 
vector cross product operation. (See momen- 
tum; vector cross product.) 

For a rigid body, the total moment of mo- 
mentum is designated as the angular momen- 
tum and written 


II = lioijlxx — eu 

"h "h ■“ ^z^yz) 

+ k(“-'U>x/rr ~ 0)„lzii zz) 

where w,, < 0 ^, <.>: arc component‘s of angular 
velocity; /,,, arc moments of inertia; 

and etc., are products f * inertia. (Sec 

inertia, moments and products of; and angular 
momentum.) 


MOMENTUxM. For a single particle ot mass 
tn wdiose position vector is r the inomciitum 
is the vector (juantity 


dr 

m — or wv, 
dt 


where v 


dr 

dt 


is the velocity, 
of masses nii • • 
vectors ri • * * 
men turn i.s 


For a s\stem of n jiarticlcs 
• iHn respectively and position 
Yn respectively the total mo- 


i=i 


dr^ 

Tt’ 


From the fundamental principles of mechan- 
ics, the time rate of change of the total mo- 
mentum of a system of particles is equal to 
the vector sum of all the external applied 
forces. For a system subject only to the 
initial interaction forces between the particles, 


the total momentum remains constant. (See 
momentum, conservation of.) 


MOMENTUM, CONSERVATION OF. For 

a dynamical system consisting of n material 
particles of masses iHi, a 7?2 ‘ ‘ respectively 
and position vectors ri, r 2 • • • Xn respectively, 
if the only forces acting arc the mutual inter- 
actioh forces of the particles the total mo- 
mentum of tlie system remains constant; for 
example, 


dr, 

Sm, — = constant. 
dt 


The law of consciwalion of momentum is as 
fundamental to pliysics as the law of conserva- 
tion of mass or the law of conservation of en- 
ergy. Like those haws, it holds in quantum 
thcor>^ and relativity theory as well as in more 
cla^'^ical tlu^orics. 

MONAURAL. Pertaining to a single-channel 
audio channel. 


MONIMAX. Trade name for a high-perinc- 
ahility niagiictie alloy composed of 507c iron, 
177 ^ nickel and 37 inolyhdcniiin. 

MONITOR. (1) An ionization chamber 

mounted in an x-ray beam and connected to 
a continuously reading instrument, to serve 
as an indictilor of constancy of x-ray output. 
(2) An ionization chamber used to (h'teet the 
picsence ot uiidi'siral h radiation in connec- 
tion wdtli health protection. (3) To check 
by means of a r(Tei\er the operation of a tele- 
phone, radio, television or similar transmitter 
111 order to ascertain the quality of transmis- 
sion, fidelity to a frequency band, etc. The 
(U'vice u.sed for (3), or the action of using the 
(lcvic(‘« (1) and (2). 


MONITOR, AIR. See air monitor. 

MONITOR, AMPLITUDE-MODULATION. 

A device to measure and to indicate continu- 
ously the peicentage modulation of amplitude- 
modulation transmitters. In addition to meas- 
urenu'iit of ])erc(‘ntagc of negative or positive 
modulation-peaks, commercial devices may 
also provide provisions for measuring program 
lc\el, carrier shift due to modulation, and 
transmitter audio-frequency response. 

MONITOR, AREA. Any device used for de- 
tecting and/or measuring radiation levels at 
a given location for waniing or control pur- 
poses. 
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MONITOR, CATHODE-RAY OSCILLO- 
SCOPE. An oscilloscope u.sed to monitor the 
synchronizing and video waveforms of tele- 
vision transmissions. 

MONITOR, FREQUENCY - DEVIATION. 
Sec monitor, frequency-modulation. 

MONITOR, FREQUENCY-MODULAI’ION 
STATION. A monitor (see monitor (3)) for 
cominerciHl FM stations and the aural chan- 
nel of television transmitters. The quality of 
transmission, as well as the carrier freciuency, 
are monitored. 

MONITOR, PHASE. An instrument de‘-ie,nod 
for use in adjustment and operation of direc- 
tional antennas (<^ee antenna, directional) Tt 
measures phase differcnee and ratio of magni- 
tudes of antenna currents. 

MONITOR, PICTURE. A kinescope em- 
ployed to obsf'rve the eharaetensti(‘s of tele- 
vision video transmission. 

MONITOR, PROGRAM. A monitor (^ee 
monitor (3)) used to observe the quality of 
transmission In broadcasting, it usually con- 
sists of a complete higli-quality receiver which 
actually monitors tlie transmitter output. 

MONITORING. Periodic or continuous de- 
termination of the amount of ionizing radia- 
tion or radioactive contamination present in 
an occupied region, or in a person, as a safety 
measure for purposes of health protection. 
Area monitoring: Routine monitoring of the 
level of radiation or of radioactive coTilamina- 
tion of any particular area, building, room or 
equipment. Usage in some laboratories or 
operations distinguishes between routine mon- 
itoring and survey activities. Personal moni- 
toring: Monitoring any part of an individual, 
his breath, or excretions, oi any part of his 
clothing. 

MONKEY CHATTER. The peculiar garbled 
sound resulting from cross-modulation be- 
tween the sidebands of a strong adjacent- 
channel signal and the carrier of the desired 
signal. 

monochromatic. (1) Having one color, 
strictly one frequency or wavelength of optical 
radiation. Actually no finite amount of radia- 
tion will ever be strictly monochromatic. It 


will, at best, contain a narrow band of fre- 
quencies. (2) By analogy, a beam of par- 
ticles, such as /^-particles or neutrons, is said 
to be monochromatic if all the particles have 
the same, or nearly the same, energies. 

MONOCHROMATIC EMISSIVITY. See 
emissivity. 

MONOCHROMATIC ILLUMINATOR. An 

iristiniincnt used to supply a beam of light 
having some desired, narrow range of wave- 
lengths; sometimes called a “monochromator.’’ 
The common form resembles a prism spectro- 
scope. AVhite ligtit, entering tlie fixed col- 
limator as usual through a narrow slit, is dis- 
persed by a suitably-shaped jinsm, the re- 
sulting spectrum falls on a metal plate, and 
a second narrow slit allows “monochromatic” 
light (actually light of a narrow range of 
wavelengths) to emerge. Tliis apparatus is 
particularly useful (with proper choice of ma- 
terial composing prism and lenses) for radia- 
tion outside of the visual or photographic 
range, where the detector is some typo of 
jdiototube, as, for example, a tly^rrnocouple 
or pliotoconductive detector. 

In addition to the simple monochromatic 
illuminator clcscrihod above, there are a num- 
ber of instrunKnts using two or more prisms 
and, sometimes, more than two slits. Those 
may offer greater purity of the emergent light, 
but are otherw’iso identical in principle 

MONOCHROMATOR. The same as mono- 
chromatic illuminator. 

MONOCHROME BANDWIDTH (OF THE 
SIGNAL). The video bandwidth of the 
monochrome signal. 

MONOCHROME BANDWIDTH (OF THE 
MONOCHROME CHANNEL). The video 
l)andA\idth of the monochrome channel. 

MONOCHROME CHANNEL. In a color- 
television transmission, any path which is in- 
tended to carry the monochrome signal. The 
monochrome channel may also carry other 
signals; for example, the carrier color signal 
which may or may not be used. 

MONOCHROME SIGNAL. In monochrome 
television transmission, a signal wave for con- 
trolling the luminance values in the picture, 
but not the chromaticity values. In color 
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television transmission, that part of the sig- 
nal wave which has the major control of the 
luminance of the color picture, and which 
controls the luminance of the picture produced 
by a conventional monochrome receiver. 

MONOCHROME TRANSMISSION. In tele- 
vision, the transmission of a signal wave for 
controlling the luminance values in the pic- 
ture, but not the chromaticity values. 

MONODISPERSE SYSTEM. A system of 
colloidal particles in which the value of the 
sedimentation constant is constant for suc- 
c(*ssive time inteiwals, indicating that the sys- 
tem comprises i)articles of uniform size. 

MONOGENIC. Pee analytic. 

MONOMER. A single molecule, or a sub- 
stance consisting of single molecules. The 
term monomer is used in diffennitiation of 
dimer, triiuer, etc., terms designating poly- 
merized or associated molecules, or substances 
compos(‘d of tliem, in v\liieh each fn'c paiticle 
is composed of two, three, etc , imjh'cules. 

MONOMOLECULAR LAYERS. (Pee also 
unimolccular layers; surface film.) The early 
work of Rayleich, Langmuir, Hardy and 
others has slansn that it is i)Ossil)le to dcj) 0 '^it 
films on st)lid or luiiiid suriaccs whieli are one 
molecule thick. Any such I yer is calk’d a 
monomolecular layc’r, unilayer or monolayer. 
For example, long-chain i)o1ar compu' mis at 
an air-water inteifaec' mav form an (aiented 
monomolecular layer in which Ihe polar end 
group is attaelu’d to the water surface With 
such compounds it is in fact not possible to 
obtain films thicker than monomoli’Ciilar 
layers, and if a drop of a fatty acid or long- 
chain alcohol, for examine, is ])laceo i a 
clean water surface it spreads to form a mono- 
layer in equilibrium with the lens of excess 
compound. Some monomolecular films, such 
as the long-chain alcohols, when deposited on 
a water surface, have been found to reduce 
the rate of evaporation of water to a con- 
siderable exient. Monomolecular layers may 
also form at oil-water interfaces and play an 
important part in the formation of emulsions. 
The orientation of the monomolecular layer 
on the surface depends on the structure of the 
molecule and the density of packing on the 
surface. 


Monolayers may be transferred from a 
water to a solid surface by the Langmuir- 
Blodgett dipping technique, and by succes- 
sive dippings multimolecular films or multi- 
layers are formed. Puch multilayers are often 
unstable and rcciystallizc on the surface. 

In the adsorption of gases and vapors on 
solids, monolayers are also fonned provided 
the pressure of the gas or vapor is not too 
high. If the pressure is higher than about 
one-fifth the saturated vajior pressure, the 
layer frecjiiontly becomes more than one mole- 
cule thick. 

MONOMORPHIC. Having one foim, i.e., 
one crystal form. 

MONOSCOPE. A signal-gencTating, elec- 
tron-beam tube in which a picture signal is 
j^roduced bv .scanning an. elecirode, parts of 
which hav(' difierent secondary-omission char- 
actcri‘-f ic‘> For example, a teh'vision camera- 
tube that eontains a fixed pattern, and is used 
to produce pre-broadcast test patterns for 
te^'ting and alignment puri)oses. 

MONOSTABLE. Referring to a circuit with 
one stable, and one (luasi-stable state. The 
circuit re(iaircs one (rigger to perfonu a cora- 
ph‘te cycle. 

MONOTRON. Synonym for monoscope. 

MONOTROPY. The property of a substance 
l)y vhich it occurs only in one form (com- 
monly Oily one solid form). 

MONOTROPY, PSEUDO The phenom- 
enon of the exi.^tence of a substance in a plu- 
rality of forms aP but one of which are un- 
stable or metastable under practically all 
conditions, or under all ordinary conditions. 

MONSOON. Seasonal winds which blow with 
great steadiness, reversing their direction with 
the chancre of season. In summer their direc- 
tion is generally toward the large boated land 
areas, rushing in to di>place the great volumes 
of air rising in convective currents. In winter 
they blow, with less force, outward from the 
great areas of ice and snow toward the tropics, 
or out over the surface of the wermor ocean. 

MONTE-CARLO METHOD. A method of 
solution of a group of physical problems by 


Montgomery Noise Transmission Effect — Moseley Plots for X-ray Levels 


592 


means of a series of statistical experiments 
which are performed by applying mathemat- 
ical operations to random numbers. This 
method applies most directly to stochastic 
'problems. 

MONTGOMERY NOISE TRANSMISSION 
EFFECT. When three successive points are 
taken along a semiconduction filannnit, the 
noise voltages T\:», yo-,, I'm do not combine 
so tliat the noise power T^m^ equals the sum 
of T'i 2 ^ and This is interpreted as 

being due to the lifetime of a hole Ixdng so 
long that most of the holes entering the first 
segment also enter the second, and hence the 
voltages themselves should be added. (See 
filament noise.) 

MOPA. Abbreviation for master-osefilator 
power-amplifier. 

MORERA THEOREM. The converse of the 
Cauchy integral theorem. If f(z) is n con- 
tinuous function of the complex variable z, 
and if 



for any closed contour in the coinplc'x plane, 
then /(:) is an analytic function. 

MORGAN EQUATION. A modification of 
the llamsay-Shields equation, of the form: 

yiMvY^ = A + Bt + Ce 

where y is the surface tension of a liquid at any 
temperature, M is its molecular \A(‘ight, v is 
its specific volume at temperature t, y{Mv)^ 
is the molar surface energy, A and C are con- 
stants, and B = 2(\tc — G), wdiore U is the 
critical temperature. 

MORPIIOTROPY. In crystals the change in 
the ratio in the length of the axes caused by 
changes in molecular structure such as substi- 
tution of certain radicals. 

MORSE EQUATION. An equation relating 
the potential energy of a diatomic molecule 
to the internuclear distance. It is of the form 

U{r) = D(\ - 

where U{r) is the pot ‘Utial energy for an in- 
temuclear di^-tance r, measured from the low- 
est point (M) of the cur\^e in the figure, as 


zero; the equilibrium distance, i.e., at M is 
Tc and D is the dissociation energy, corre- 



sponding to the level F,., also measured from 
the lowest point; a is a constant Every elec- 
tronic state has a different potential energy 
cur\ e. 

MORSE POTENTIAL. See Morse equation. 

MOSAIC. In teh'vision, the photo^^en^itive 
surface in an iconoscope, or orthicon 4^amera- 
tube. In this tulx* the liglit lays aie trans- 
loimed into ciiuivalent (dectiieal ehargi's. 

MOSAIC^ STRUCTURE. Evidence from 
x-ray analysis suggests (liat even an aiinealiHl 
single crystal is usually composed ot a mo- 
saic ot blocks of the order of t')O(X) A in dimen- 
sion and tilted to one another at angles of 
the order of 10 minutes 

MOSELEY LAW. The frequency of a line 
belonging to a particular series of character- 
istic x-ray.s is quantitati^'ely related to the 
atomic number Z of the target clement by the 
expression: 

= a(Z — <t) 

where a ia a proportionality constant and o* is 
tlic same for all the given series, thus for the 
Ka linos, tr is 1.0, and for the line, a is 7.4. 

MOSELEY NUMBER (Z). The atomic num- 
ber. 

MOSELEY PLOTS FOR X-RAY LEVELS. 

Ciraphical relationships in which the square 
root of the frequency of characteristic lines 
of a given x-ray series, is plotted against the 
atomic numbers of the elements producing 
the x-rays. With fair accuracy these plots 
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are straight lines, not only for the Ka lines 
of the elements, but also for La lines, Ma 
lines, etc., thus demonstrating the relationshij) 
between the characteristic x-rays emitted by 
an element, and its atomic number or some 
closely related quantity such as nuclear 
charge. 

MOST PROBABLE MOLECULAR VELOC- 
ITY. Sec molecular velocity, most probable. 

MOTHER. A groove structure formetl by 
electroplating a thin layer of metal onto a 
pressing formed by a master, and thus con- 
stituting the second step in the manufacture 
of a phonograph record. The mother is used 
to manufacture the stamper. 

MOTION. A change in position with respect 
to a reference system of a material particle 
or aggregate of such particles. 

MOTION BACKWARDS IN TIME. See 
Feynman diagram. 

MOTION, CONSTRAINED. A form of mo- 
tion in which the geometry of the environ- 
ment compels the jiartich' or ohiect to move 
on a specified curve or surlace 

MOTION, EQUATIONS OF. A s( t of equa- 
tions, generally in diffen'iitial foim, which 
when solved yield infoi mation concerning the 
subsequent motion of a partible (^r system of 
particles whose* initial conditions are known 
The initial conditions aie sjiecified by the 
initial jio^ition and initial velocity A knowl- 
edge of the resultant fore< acting on liie sys- 
tem at any iii«tant is also necessary. There 
are several e(pii valent forms in which the 
equations of motion may be expn'ssed (Soe 
Newton equations of motion; Lagrange equa- 
tions of motion; Hamilton canonical equa- 
tions of motion; and Euler equations of mo- 
tion (for rotational motion); kinematics.) 

MOTION, HEISENBERG EQUATION OF. 
Sec Heisenberg equation of motion. 

MOTION OF A SPHERE IN AN INCOM- 
PRESSIBLE FLUID, EQUATION OF. The 

equation obtained by equating the mass-ac- 
celeration product to the sum of the gravita- 
tional, buoyancy and hydrodynamic forces on 
the sphere. If the Reynolds number of flow 
is low, the hydrodynamic forces are propor- 
tional to the velocity of the sphere and are 
given by the Stokes law. At largo Reynolds 


numbers the resistance is more nearly pro- 
portional to the square of the velocity. 

MOTION OF A SPRING. For a spring in 
which to a good approximation the restoring 
force IS directly proportional to the displace- 
ment, the motion is simple harmonic. (See 
simple harmonic motion.) 

MOTION, OSCILLATORY. Persistent mo- 
tion which is confined to a finite region of 
spare. Such motion is not necessarily pe- 
riodic (bee, for example, Lissajous figures), 
but when it is, there is preci»e repetition after 
the (da])se of a finite time called the period. 
Tlie motion of a pendulum, of a weight on a 
stretched spring and of a jioint in a plucked 
string are examples of oscillatory motion, 
(v^ee \)scilIator.) 

MOTION, PARAMETRIC EQUATIONS OF. 

In certain ca‘^os of motion in two and three 
dimensioii=?, the ‘solutions of the difTercntial 
equations of motion yield the displacements 
of the components along the coordinate axes 
as a function of time with the general form of 
these parametric ecpiations: 

X = /i(0 

y = fzit) 

z = hit). 

Tlic'^o are called ])aiametric equations of the 
path With file time t as the parameter. To 
dettTnmie the path of the motion in tht par- 
tKular two or three dimensional space, it is 
neces-sary to eliminate the time and obtain a 
function of the form 4>(a*,Tv,2) “ 0 

Tlie motion of a projectih and the compo- 
sition of simple haiTtionic motions in a plane 
4»re ('xamplcs (See kinem.atics.) 

MOTION-PICTURE FILM SOUND-REPRO- 
DUCING SYSTEM. Tlio sound record of a 
motion picture film is carried on the sound 
track, a .strip 0.1 in. wdde on a 35 mm film. In 
recording the sound track, tw'o systems are 
generally used. In the variable-area system 
the transmitted light amplitude is a function 
of the amount of unexposed area in the posi- 
tive print. In the variable-density system 
the transmitted light amplitude is an inverse 
function of the amount of exposure in the 
po‘5itive print. For reproduction of the sound, 
light is passed through the film onto a photo- 
cell. The amount of light which impinges on 
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the photocell is proportional to the unexposed 
portion of the sound track in variable-area 
recording, or to the inverse function of the 
density in variable-density recording. When 
the film is in motion, the light undulations 
which fall ui)on the photocell correspond to 
the voltage variations applied to the record- 
ing device. ^ 

MOTION, SIMPLE HARMONIC. Motion 
in which the particle is attractetl towards an 
origin by a force directly propoi*tional to the 
instantaneous distance of the particle from 
the origin. The resulting perioflic motion is 
characterized by a space-time graifii of sim- 
ple sine fonn. 

The differential equation of motion is 



=■ —k'x 


where m is the mass of the particle, k is the 
constant of projiortionality (stiffness coeffi- 
cient), X is the displacement from origin. 

The solution of the differential equation 
yields the di.splacement as a function of the 
time. 


X = A i2x// -f *} 


w'here A is the amplitude of motion, / is the 
frequency ~ (l/27r) epoch de- 

termined by the Vdliie of the function at t ~ 0. 

The projection of a particle moving in a 
circle of radius A and with frequency / onto 
any straight line in the plane of the circle 
travels according to the above sinusoidal for- 
mula. This is called the circle of reference. 
(See harmonic oscillator.) 

MOTION, VIBRATORY. See oscillatory mo- 
tion. 

MOTIONAL IMPEDANCE. See imped- 
ance, motional. 

MOTORBOATING. The occurrence of a 
very low frequency oscillation in an amplifier 
(especially audio) due to an undesirable 
amount of positive feedback. 

MOTOR EFFECT. The repulsion force ex- 
erted between adjacent conductors carrying 
currents in opposite directions. 

MOTOR, ELECTRIC. A machine which, 
receiving eleidrical energy, converts it into 
mechanical energy. Since there are so many 


different types of electric motors, it seems 
logical to begin a discussion of them with some 
attempt at clasbifi cation of the principal types. 
Such a classification is given below, and in- 
cludes the major tyj>es in present-day use. 


Straight or Intcrpole 


A. Direct-current types. 

1. Shunt. I 

2. Scries. 

3. Compound. ! 

B. Alternating-current types. 

1 Synchronous. 

2. Induction. 

a. Polyphase. 

(1) S(iuirTel-cage rotor. 

(2) Wound rotor. 

(a) Slip ring. 

(b) Brush shifting. 

b. Single-phase. 

(1) Split-phase. 

(2) RejuiKion-induction 

(3) 0011(100*^0]’ 

c. T'^niversal (series). 


Klcctric motors are built in a range varying 
from outputs of of a horsepower up to 

well over 1000 hp A TiO-hp ni(»tor is consid- 
ered a large one, and IIk' majority of eh'ctric 
motors now in use ranges ladwTon ’4 and 10 
lip Standard motor sizes above the small 
fractional sizes are “* 2 , ’^ 1 , 1, I’/o, 2, 3, 

", TV., 10, If), 20, 25, 30, 40, and 50-hp Sixty- 
ry(’I(‘ synehronou'- speeds are 3600, ISOO, 1200, 
900, 720, 600, 514, and 450 rpm. Full-load 
induetion motor speeds are 2 less than 

these The effiedeney of the elect rie motor 
range's fiom 75 95 • If higher in large 
motors Ilian in small. Induction motors arc 
more efficient the higher the rated speed, but 
d-c motor efficiency is little affected by speed. 
KfficicTK'y is often secondary to reliability; 
nevertheless, it is a factor to be consid('red, 
particularly if the drive is heavy and the mo- 
tor is well loaded over a considerable part of 
the time. Direct-current motors are much 
less frequently employed tlian alternating- 
current, because of the preponderance of a-c 
over d-c systems. However, speed control 
and starting torque are so excellent with d-c 
tiiat it is frequently used in a-c territory 
where these characteristics are important. 
D-c power for motors is commonly obtained 
from the a-c supply through motor-genera- 
tors, mercury-arc tubes, or grid-controlled 
rectifiers, with voltages ranging from 110 to 
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600. The extra expense of the converter in- 
stallation lays some handicap upon the em- 
ployment of d-c motors, and a number of 
methods have been devised to vary the speed 
of a-c types, but, in the main, the latter are 
constant speed. The shunt motor has a wound 
armature, the ends of the windings of which 
are brought to a commutator, upon which rest 
brushes. The incoming leads arc connected 
to these brushes so that the line voltage is 
impressed across the windings of the arma- 
ture. The stationary field coils are connected 
across the brushes in shunt arrangement so 
that they receive a constant voltage. When 
the motor is running, the coils of tlie armature 
cut the lines of force of the magnetic field, 
and so generate an internal voltage knowm 
as the counter-electromotive force. The sum 
of this counter-electromotive force and the 
resistance drop throuijih the annalure must 
equal the impressed voltage. Consequently 
the current taken is much larger when the 
motor is revolving slowly than when it is up 
to speed. This also explains why weakening 
the shunt-fi(‘ld current (and thereby the lines 
of force) causes the armature to inerease its 
speed, since the "weakened field causes less 
counter-voltage, hence allows more current to 
flow in the armature. Tlien more torque is 
produced, which increases the sp(‘ed until the 
hack voliage allows just the right current to 
flow io carry the existing load. The torque 
of the motor is produced by the magnetic re- 
action existing between the magnetise i of the 
stationary field and the electromagne tic field 
surrounding the armatun* conductor. 

TTnlike the shunt motor, whose field current 
is practically constant at all speeds, the scries 
motor produces a fielfl which is maxiinuui 
during starting and decn'ases as th^ motor 
comes up to speed. For this reason, tin series 
motor has a powerful starling torque, and is 
used for hoists, traction motors, and the like. 
The shunt motor is ess('ntially a constant- 
speed type; the scries, a variable speed type. 
A motor having better speed regulation and 
starting torque can be obtained by a com- 
pound winding having both shunt a;ifl seric*s 
fields. However, the simplicity of tl^e 4iunt- 
field motor, couph'd with the possibility of 
effecting a reasonable variation in speed by a 
variable resistance in the field circuit, has 
caused it to be widely used. It has been 
found, though, that any considerable weak- 


ening of the field is accompanied by sparking 
at the commutator, due to the demagnetizing 
armature reaction. Small poles, located be- 
tween the shunt-field poles, and wound with 
scries coils, will compensate for the distortion 
of the field flux, and such motors are known 
as interpole motors. (See interpole.) 

In the a-c field, the above classification 
shows a primary division into synchronous 
and induction types. Of these, the induction 
motor is by far the more important; but the 
strictly constant speed feature of the syn- 
chronous motor has caused its selection in 
certain cases. The synchronous motor is 
practically an alternator operated inverted. 
It has a polyphase stator winding which car- 
ries the main line eurrent. The field is wound 
on t^ie rotor and is exeited by d-e brought 
to it by brushes resting on slip rings. The 
synelironoiis motor is stable only when oper- 
ating at a synchronous speed corresponding 
to the frequency of the system, and if it is 
loaded to where it lags ever so slightly be- 
hind thife synchronous speed, it quickly “falls 
out of step^’ and comes to rest. The disad- 
vantages of the synchronoiK-' motor are prin- 
cipally two: (1) Its constant speed. (2) It 
requires d-e excitation. Modem construction 
of polypliaso synchronous motors results in 
good slarting toniiie. The single-phase syn- 
chronous motor has no starting torque, but 
with IhrcT-phase the motor may be made self- 
htarling if copper bars similar io the rotor of 
a squirrel-cage motor are embedded m the 
rotatinp field and connected to end rings. To 
start the motor, the d-e field is 0}>en-eircuited 
and the staior windings connected to the line. 
The motor wdl then come up to speed, oper- 
ating as a squirrel-cage induction motor, after 
which the fiidd current mav be applied, upon 
which the rotor will lock itself into step with 
the frequency of the system. A synchronous 
motor is generally used only in large sizes 
where it has the advantage of providing some 
pc.w'cr f.ictor correction, since one of the char- 
acteristics of this motor is that a leading cur- 
rent will be drawn if the d-c field is over- 
excited, and this can be adjusted to neutralize 
the lagging current drawn by induction type 
motors. 

The three-phase squirrel-cage motor is the 
simplest and most reliable electric motor 
made. It has a powerful starting torque, and 
good cflSciency, and would probably replace 
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all other types were it not for the follow^ing 
reasons: It is essentially a constant speed 
motor, it draws a lagging current, and it is 
not built single-phase The stationary wind- 
ings are connect e’d either in Delta or Y, as 
may suit the individual design, and are so 
arranged as to produce a rotating field in 
the space occupied by the rotor. The rotor 
is a shaft upon which is built up a laminated 
steel core canying end)oddrd in its surface 
copper or aluminum bars which are parallel 
to the shaft. The inductive action of the field 
on this ^^cage” (if the core were removed, 
the bars would resemble the familiar scpiirrel 
exercising cage) sets up in the latter induced 
currents w’hose magnetic field reacts against 
the rotating field set up by the stator wind- 
ing, producing a toniue. If the rotor^ \vere 
turning in synchronism wdth the rotating field 
there would be no induction and no rotor 
currents. Therefore it is seen that tlie rotor 
cannot possibly operate it at full sMichronous 
speed, even though idling. The difference in 
speeds is expressed by ^lip, ie, dilTercnce in 
speeds divided by synchronous speed, and a 
certain amount of slip is neca^^sary to soeuro 
inductive action. As mentioned before, this 
varies from 2 - 5 ^^^ of synchronous sjieed A 
squirrel-cage motor \Mlh rotor blocked acts 
like a transformer with sliori-ciicuited mh'- 
ondary, thus explaining the high starting 
torque. 

There are installations wlu're a i>olyphase 
motor In \^ anted, having some «legiee of speed 
control, and which may Ix' brought up to speed 
more slowly than is customary wUh tlie squir- 
rel-cage motor. For this service the more 
expensive wound-rotor and brush-shifting 
types may be used on throe-plia'-e circuits 
The wound-rotor principle is einjiloyed chiefly 
on large motors As its name implies, the 
wound rotor has polar windings in tin* rotor, 
the ends of which are joined either in Y or 
Delta, and brought to three slip rings. The 
cun’onts induced in the rotor are brought out 
through these slip rings to an external three- 
phase resistance, which may be varied at wdll 
from zero to maximum The operation is 
much like that of a squirrel-rage motor, ex- 
cept that, for ‘starting, the rotor current is 
decreased by inserting the maximum of re- 
sistance in the extern U circuit. This is grad- 
ually decreased aa 1 le motor comes up to 
speed, until all of the resistance is short-cir- 
cuited and the motor is operating inductively 


with a normal slip. Given constant torque, 
this motor may be varied in speed by varying 
the external resistance, but it is somewhat less 
efficient than the hnish-shifting type, because 
of the energy consumed in the resistance. The 
brush-shifting motor is used where consider- 
able speed variation is desired at good effi- 
ciency, as, for instance, w’hen driving fans or 
pumjis of large size. The brush-shifting mo- 
tor has the primary winding on the rotating 
armature, similar to d-c practice. This wind- 
ing is connected to the three-phase line 
through slip rings. Another winding, called 
an adjusting windim^, is also placed on the 
rotor; in fact, in the same slots, hut is con- 
nected with a commutator, which is made 
fairly wide The tlirec-phaso stator seeond- 
aiy windings are brought out individually to 
six brushes which bear on the commutator, 
and are connected as shown in the diagram. 
Eacli set of three brusht's is joined by a yoke, 
so that they may be moved simiillaneou'^ly, 
and each pair is placed on opposite ends of the 
commutator. When these yokes are movi*d 
W'ith respect to oik' anoth(‘r, they cause to he 
included a eertain number of eommutfttor seg- 
ments in each secondary coil. When each pair 
of brushes is on a common commutator bar, 
the motor runs as a straight induction motor 
at slip frecjnency. By moving the bnishos 
apart by rotating a yoke, the voltage induced 
in tlie commutator coil is added to that in the 
secondary, and the motor speeds u|) These 
voltages may be subtracted by moving the 
brush in the opposite direction, resulting in 
slowing down the motor. Since the forces 
needed to move the yoke are very small, it 
may be readily operated by the light pres- 
sures jiroduced in an automatic control sys- 
tem. 

Tinning next to the single-phase motor, it 
is entirely possible for a single-phase motor 
to oiierate inductively like the squirrel-cage 
motor, provided it can be brought up to speed, 
but a single-phase squirrel-cage motor has no 
starting torque, so tlierc have been rlcveloped 
numerous w'ays of doing this for single-phase 
motors, most of wdiich are of small size. In 
the aplit-pliase motor, an induetanee and re- 
sistance arc used to displace the voltage at 
the mid-point so as to get an arrangement 
resembling a tw'o-phase impressed voltage. 
Of course the starting torque obtainable is in- 
ferior to that of a polyphase motor, but is 
sufficient to start a motor attached to a drive 
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requiring low starting torque. A fan illus- 
trates this service. For heavy starting duty 
the starting torque of a single-phase motor 
is created by repulsion, which shifts over to 
induction as the motor comes up to speed. 
Several systems have been invented. In one, 
the annature windings are brought out to a 
commutator, upon \\hich rest two bruslies 
connected externally by a low n'sistancc con- 
ductor. A stator winding is connected across 
the line. The sliort-circuited armahiiH' has in- 
duced in it the large curient necessary to se- 
cure starting torque. As the motor comes up 
beyond a certain sliced, a ccntrifugally ojier- 
ated switcli lifts the briislu's from tiu* commu- 
tator and applies to it a ring which short- 
ciiTuits all the segments. \Mien this is done 
the motor operates as a straight induction 
motor. This principle, known as repulsion- 
induchon--i e , repulsion starting and induc- 
tion running -is employed in most small mo- 
tor^’ wliich are to produce large starting torques 
on single-plias(‘ sup]dy \nother tv]ie of re- 
piilsion-indiu-tion motor is less complicated 
mechanically Il(‘re the switch operates dur- 
iuL’' stalling, and is closed for induction 
operation 

T1 c cond(*nser motor is a split-] ihase mo- 
tor, having the phase displaced bv capacitance 
ratiier than mductanci* It is superior to the 
former in stalling torcjue, cfficieney, and powTr 
faelor, but more expcuisive a A slightly more 
bulky The ^larting torque of the modern 
condenser molor compares f ia orably ^ itli the 
repulsion-start motors, and, since the cost is 
less, the condimser motor ’s ri'placing the re- 
pulsion type in many ai)]ilicalions In some 
of these motors the condenser is diseonn<*cted 
by a eentrifugal swuteh after starling; m 
others it is left in the circuit to improve the 
operating eharact eristics and the powi * '''^•lor 
of the motor. 

A universal motor is a series motor w’hich 
may be operated on either d-c or a-c It is 
usually employed in small sizes onh there 
being a conijK'nsating coil to prevent arma- 
ture sparking and to impro\ e the power factor 

MOTOR-TORQUE GENERATOR. A name 
sometimes used to identify a synchro. 

MOTT SCATTERING FORMULA. A for- 
mula giving the differential cross section (see 
cross section, differential) for the scattering 
of identical particles by a Coulomb interac- 
tion. Thus, the cross-section for the scat- 


tering of an electron of velocity v 
through an angle between $ and 0 + d6 by 
another electron initially at rest, is given by 
the followurig relationship, which show^s a 
departure from Rutherford scattering due to 
the indistinguishability of the two electrons: 

2Trf^ 

d<l> >- --- - [cosee 0 + sec 0 
t)rv 

— cos(M'^ 6 sec^ 6\d cos 2d, 

"MOUNTAIN EFFECT.” The effect of rough 
terrain on radio-waA^e propagation, w'hich 
causes leflecled waves to react with the di- 
rect waxes in a manner wdiicli obscures the 
true direction of the source This effect cre- 
ates one form of error in radio direction-find- 
ing. 

MOViNG-ARMATURE LOUDSPEAKER. 
S(T loudspeaker, magnetic. 

MOVING BOUNDARY METHOD (FOR 
TRANSPORT NUMBER). A suitable se- 
quence of electrolytes in a tube, say lithium 
chloride, j)otassiiiin chloride, potassium ace- 
tate, will exhibit iiiterfaiual iMnmdaries. On 
the ])as-age of current, thes(» boundaries will 
move, and their relative motion yields the 
transport numhcTs of the K and Cl ■" ions 
in the KCl solution 

MOVING COIL GALVANOMETER. See 
galv anometer, moving-coil. 

MOVING-COIL LOUDSPEAKER. See 
loudspeaker, d>Tiamie. 

MOVING-COIL MICROPHONE. See mi- 
crophone, dynamic. 

MOVING CONDUCTOR LOUDSPEAKER. 
Se(' loudspeaker, moving-conductor. 

MOVING CONDUCTOR MICROPHONE. 
See microphone, moving-conductor. 

MOVING-IRON MIC:R0PH0NE. See mi- 
crophone, variable-reluctance. 

MOVlNG-fRON VOLTMETER. See volt- 
meter, moving-iron. 

MOVING-TARGET INDICATOR. A radar 

pres^mtatiun w^hich shows only targets which 
are in motion. Signals from stationary tar- 
gets are subtracted out of the »’eturn signal 
by the output of a suitable memory circuit. 

MTI. Abbreviation for moving-target indi- 
cator. 
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MU. (1) Reduced mass (/i). (2) Micron 

(fi). (3) Millicron (m/x). (4) Micromicron 

ifxfi). (5) Nuclear Bohi magnetron (/x/). (6) 

Electronic Bohr magnetron (/xo). (7) Coeffi- 

cient of friction (/x), of rolling friction (fir), 
of starting friction (/x*,). (8) Poi^^son ratio 

(/x). (9) Magnetic permeability or inductiv- 
ity (/x). (10) Relative permeability //x,), 

permeability of free space f/xo). (11) Elec- 
tric moment of atom, molecule or dipole (/x 
or fic). (12) Magnetic moment of atom, mole- 
cule or dipole (fx or (13) JouIe-Thom>on 
(Kelvin) coefficient (/x). (14) Refractive in- 

dex ifXf but n is preferred). (15) Amplifica- 
tion factor (/Li). (16) Grid control ratio (/x). 

(17) Chemical potential (/x). (IS) Molecu- 
lar conductivity (/x). 

MU-FACTOR (OF AN n-TERMINAL ELEC- 
TRON TUBE). The ratio of the magnitude 
of infinitesimal change in the voltage at the 
jth electrode to the magnitude of an infinitesi- 
mal change in the voltage at an ith electrode 
under the conditions that the current to the 
7/zth electrode remains unchanged, and the 
voltage's of all other electrodes be maintained 
constant. (See amplification factor.) 

MUELLER BRIDGE. See bridge, Mueller. 

MUELLER LAW. The difference between 
sensations is not in the nerve impulses, which 
are of the same kind for all senses, but to the 
activities in the portions of the brain to 
which the impulses trav(*l. Color sensation, 
like other sensations, is subject to this law. 

MULTIAR. A diode-controlled, regenerative- 
amplitude comparator. The name implies a 
certain configuration. 

MULTICAVITY MAGNETRON. See mag- 
netron, multicavity. 

MULTICELLULAR HORN. See horn, mul- 
ticellular. 

MULTICHANNEL RADIO TRANSMIT- 
TER. See transmitter, multichannel radio. 

MULTICHANNEL TELEVISION. A tele- 
vision system which divides the video signal 
information among several different transmit- 
ters occupying individual frequencies. 

MULTIGROUP MODEL (NUCLEAR RE- 
ACTOR). A model lU which the neutron flux 
is divided into parts corresponding to several 
discrete energy ranges. Account is taken of 


the difference in spatial behavior of the dif- 
ferent energy groups and also of transfer of 
neutrons between the various energy groups. 

MULTINOMIAL. A polynomial. When 
raised to a power, it may be expanded by the 
multinomial theorem of which the binomial 
theorem is a special case. The formula for 
such an expansion is 

(xi + 2‘2 + a:‘3 + • • * + 


where ak is an integer and T". air. = n. 

MULTIPATH TRANSMISSION. The con- 
dition in whicli the radio signal from a trans- 
mitter travels by more than one route to a 
receiver antenna In television this rt'sults 
m the production of ghosts. 

MULTIPLE-ADDRESS (INSTRUCTION) 
CODE. An indruciion in general consists of 
a coded lepresentation of the o])erati^n to bo 
performed, and of one or more addresses of 
wonls in storage Tlie in^truetlons of a mul- 
ti])le-address code contain more than one ad- 
dress. 

MULTIPLE DECAY. See branching. 

MULTIPLE DISINTEGRATION. Sec 
branching. 

MULTIPI.E GRATING. See ultrasonic 
cross grating. 

MUTUAL-INDUCTANCE BRIDGE. See 
bridge, mutual-inductance. 

MULTIPLE MODULATION. See modula- 
tion, multiple. 

MULTIPLE REFLECTIONS. When a ray 
of light strikes a transparent plane-parallel 
plate, some of the radiation will be reflected, 
while some will enter the plate and be partly 
reflected back and forth between the two sides 
of the plate. At each reflection, some of the 
radiation will escape 1o the outside (provided 
the angle of the ray inside the plate with the 
normal to the surface is less than the critical 
angle). The radiation which is reflected on 
the first contact with the plate is of opposite 
phase with that which has entered and then 
been emitted from the entrant side. It can 
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be shown that the total energy of the first 
reflected beam is equal to the total of the other 
reflected light on the entrant side so that total 
interference occurs when 2nd cos <j} = mA, n 
being the refractive index of the plate, d its 
thickness, the angle of incidence and twA 
an integral number of wavelengths. There is 
never total interference for tlie transmitted 
beam. (See Fabry-Perot etalon and Hai- 
dinger fringes.) 

MULTIPLE SCATTERING. See scattering, 
multiple. 

MULTIPLE TUBE COUNTS (IN RADIA- 
TION COUNTER TUBES). Spurious counts 
induced by previous tube counts. 

MULTIPLE TUNED ANTENNA. See an- 
tenna, multiple-tuned. 

MULTIPLE-UNIT, STEERABLE ANTEN- 
NA. See antenna, musa. 

MULTIPLE-UNIT TUBE. See tube, mul- 
tiple-unit. 

MULTIPLET INTENSITY RULES. Rules 
for the relaiiv(‘ iul entities of spectral multi- 
plot lines: (1 ) Tlie sum of the intensities of all 
linos of a niultiplot which start from a com- 
mon initial level is proportional to the quan- 
tum weight (2J + 1) of ^he initial level. (2) 
The sum of tlic intensities ^ all lines of a 
inultiplot which end on a common final level 
is proportional to tlie quantum weight 
(2J + 1 ) of the final level. 

MULTIPLEX. S ('0 transmission, multiplex. 

MULTIPLEX, ASYNCHRONOUS. A mul- 
tiplex transmission system (see transmis.sion. 
multiplex radio) in which t\^o or more trans- 
mitters occupy a common channel ^ bout 
provision for preventing simultaneous opera- 
tion. 

MULTIPLEX CHANNEL. A channel used 
in multiplex transmission. tSee transmission, 
multiplex radio.) 

MULTIPLEX RADIO TRANSMISSION. 
See transmission, multiplex radio. 

MULTIPLEXING, METHODS OF. The 

three basic methods of multiplexing involve 
separation of the signals by time division, 
frequency division, or phase division. 


MULTIPLICATION FACTOR OR CON- 
STANT, k (NUCLEAR REACTOR). The 

ratio of the number of neutrons present in a 
reactor at a given time to the number present 
one finite lifetime earlier. Sometimes called 
the effective multiplication constant. For a 
homogeneous medium the infinite (fc) multi- 
plication constant refers to the multiplica- 
tion* constants in an infinite medium. The 
multiplication constant minus one is called 
the excess multiplication constant. The con- 
dition for a self-sustaining chain reaction is 
that k be equal to or greater tlian unity. 

MULTIPLICATION FACTOR, FERMI- 
WIGNER, CALCULATION OF. The cal- 
culation of the multiplication factor in terms 

of the four-factor formula. 

• 

MULTIPLICATION FACTOR, INFINITE. 
The value of the multiplication factor cor- 
responding to a pile of infinite dimensions, or 
(ai)i;roximately) to a pile of finite dimen- 
sions but no neutron leakage. 

MULTIPLICATION FACTOR, PROMPT 
NEUTRON AND DELAYED NEUTRON 
PARTS OF TOTAL. In a reactor in which 
is the fuel, delayed neutrons amount to 
about 0.75 per cent of the total neutrons. 
This introduces a luggishness” in the pile 
which makes control of the reactor feasible. 

MULTIPLICITY. The number 2S + 1, rep- 
resenting the number of ways of vectorial ly 
coupling tlie orbital angular momentum vec- 
tor L with the spin angular momentum vector 
S of an atom. This value represents the num- 
ber of relatively closely spaced energy levels 
or terms in an atom which result from the 
coupling process. The v^alue of the multiplic- 
ity is added as a left suTierscript to the tenn 
symbol, as (triplet P) , *D (quartet P), 
etc. The multiplicity of molecules is analo- 
gous to that of atoms, and is expressed also 
by the number 2aS 1. 

MULTIPLICITIES, ALTERNATION OF. 
Since the multiplicity for an atom is 2S 1, 
where iS is the resultant spin of the electrons 
of the atom, and since S is integral or half 
integral for an even or odd number of elec- 
trons, respectively, it follows tlr.t the multi- 
plicity of an atomic term is odd for an even 
number of electrons and even for an odd num^ 
ber of electrons. Therefore, even and odd 
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multiplicities alternate for successive ele- 
ments in the periodic system. Incidentally, 
they alternate similarly in the series of ions 
with single and multiple charges for a given 
element. 

There is an alternation of multiplicities for 
molecules just as tliere is for atoms. Mole- 
cules with an ev(‘n number of electrons have 
odd multiplicities (singlets, triplets 
since <S is integral, while molecules with an 
odd number of electrons have even multiplici- 
ties (doublets, (juartets . . .) since S is half 
integral. 

MULTIPLIER, ELECTRON. A device em- 
ployed to amplify or multiply weak electron 
currents, sueli as those obtained from a pho- 
toemissive cathode. In the figure below, elec- 
trons are omitted from the cathode and ae- 

6 



Electron multiplier (liv pcimii^hiou fiom “Electron- 
ics” by Williams, C'o]>vrip:ht 19.W, D, Van Nostrand 
Co . Inc ) 

celerated to an elect roile called a dynode, 
maintained at about 100 volts positive with 
respect to the cathode. Secondary electrons 
knocked out of the dynode are accelerated to 
a second dynode at a higher potential, and 
there still produce's more secondaries. The 
cathode, nine dynodes and final anode used 
in typical multiplier cells are so placed and 
shaped that the electron beams are efficiently 
focused at each stage. In typical multiplier 
cells, the gain per dynode is between four and 
five. The total gain is (4)® to (5)® or about 
10® In addition to their use in photocells, 
multipliers arc used in some television 
camera-tubes and in radiation detectors. 

MULTIPLIER, PHOTOELECTRIC. See 
photoelectric multiplier. 


MULTIPOLE MOMENTS. The electric and 
magnetic multipole moments of a system in a 
given state if/ are measures of the charge, cur- 
rent, and magnet (via intrinsic spin) distri- 
butions in the state and determine the in- 
teraction of the system with weak external 
fields. In contrast with these static multi- 
pole moments, there are also transition mul- 
tipole moments, which detennine radiative 
transitions between two states and therefore 
depend on both states (see multipole radia- 
tion). Both kinds of multipole moments may 
be written as 

Qi.m =J^ Yi„*mpir)dV 

for tlio elcetric multipole moment of order 
lyTjif and ^ 

=J div Mir)dV 

for the magnet ie multipole moment of order 
lytn. In these formulas the functiou 
is the normalized bn spherical harmonie, de- 
pending on 0 as p(r) is tlu' proper charge 
density; and M{r) is the proper derfsity of 
magnetization arising fi-om moving charges 
and from intrinsic spin moments. The dif- 
ference between static and transition moments 
is in the densities p and p; for oxaniph', p = 

static ease, and p = 

for tlie transition case between states i and /. 
The summations are over all charged ])artieleH. 

MULTIPOLE RADIATION. The radiation 
field in free space may he expanded into elec- 
tric and magnetic multipole fields, as well as 
info plane waves. Each multipolc radiation 
field is eliaracterized by the numbers /, m and 
by iis parity. An electric multipole radiation, 
Ij ni, has a pure transverse magnetic field and 
a parity ( — 1)^ A magnetic multipole ra- 
diation /, m has a pure transverse electric 
field and a parity —( — 1)*. A single photon 
of multipole radiation J, m, whether electric 
or magnetic, has an energy hv and an angu- 
lar momentum Uiy with component mh in the 
Z-direction. Multipolcs with / = 0 do not 
exist; those with I = 1 are called dipole, those 
with Z = 2, quadrupole, etc. The amplitudes 
of the various multipole radiations emitted by 
a moving charge and magnet distribution are 
proportional to the multipole moments of the 
distribution. In a nuclear transition, these 
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Multitrack Recording System — Mutual Energy 


moments are dependent on the initial and final 
states. 


accidental grounds. As may be seen in the 
figure, it is a Wheatstone bridge in which the 


MULTITRACK RECORDING SYSTEM. 
See recording system, multitrack. 

MULTIVIBRATOR. A relaxation oscillator 

employing two electron tubes to obtain the 
in-phase feedback voltage by coupling the 
output of each to the input of the other 
through, typically, resistance-capacitance ele- 
ments. Tlie fundamental frequency is deter- 
mined by the time constants of the couplijig 
elements, and may be further controlled by 
an external voltage. When such circuits are 
normally in a nonoscillating state and a trig- 
ger signal is required to start a single cycle 
of operation, the circuit is commonly called a 
one-shot, a flii)-flop, or a start-stop multivi- 
brator. 



line \Mrt*ft form two arms. The balance point 
gives 

__ + rg) 

2r.{A + B) 

where ri is the resistance per ft of the upper 
wire and r 2 of the boi/toni wire. Otlier quan- 
tities are hown on tlie diagram. 


MULTIVIBRATOR, ASTABLE. A multivi- 
brator 'v\hich can exist in either of two (piasi- 
stable states, and switch rapidly from one 
slate to the other 

MULTIVIBRATOR, BISTABLE. A circuit 
with two stable states which re(|uires two 
trigger pulses to complete one cycle. It is 
commonly referred to as a trigger circuit, 
Eccles-Jonlan trigger circuit, or scale-of-two 
circuit. 

MULTIVIBRATOR, MONOSTABT.E. A 
multivibrator with one stabh' and one quasi- 
stable state. A trigger is required 1o drive 
the unit into the quasi-stable state, wIutc it 
remains for a firedetermined lime before re- 
luming to tlie stable state. Sometimes re- 
ferred to as the one-shot. 

MUMETAL. A liigh-pcrraeability, i'^otropic, 
magnetic alloy having aiiproxiinately 78% 
nickel. Several different alloys with similar 
characteristics are manufaetured under this 
name. 

MUNSELL CHROMA. See chroma. 

MUNSELL SYSTEM. A system of arrang- 
ing and designating attributes of ojiaque sur- 
face colors. 

MUON. The same as /x-meson. (See meson.) 

MURRAY LOOP. A bridge type measure- 
ment made on communication lines to locate 


MUSA ANTENNA. See antenna, musa. 

MUSICAL ECHO. See echo, musical. 

MUTAROTATION. A phenomenon shown 
by freshly prepared solutions of certain sug- 
ars in which a change in specific rotation oc- 
curs ujion standing. Some sugars show a de- 
crease (i.e., glucose, 50^;^, whereas others 
(maltose) show an increase, of specific rota- 
tion. The change i^ not always in any special 
ratio. 

MUTUAL CONDUCTANCE. One of the 
common vaeuum-tuhe eoeffieients, which in- 
dicates the efiect on the plate current of the 
grid vollage, other quantities being held con- 
stant. It is also known as the transeonduc- 
tanee. Mathematically it is 

rn “ roiiMl nut 

\\here dip is an infinitosinial change of jilate 
current and is an infinitesimal change of 
giid \ oil age, while Ep is the plate voltage (see 

traiisconductance; transadmittance) . 

MUTUAI. ENERGY BETWEEN MAGNET- 
IZATION AND EXTERNAL FIELD. The 

work required to remove a magnetized body 
from a field under conditions of constant mag- 
netization. It is given (per unit volume) by 
E = IlFrn, where Pm is the magnetic polariza- 
tion and //, the magnetizing force. In terms 
of intrinsic induction, E = HB in rational- 
ized systems of units, and by B = HrB/4ftr in 
unrationalized systems. 
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MUTXJAL EXCLUSION, RULE OF- For 
molecules with a center of symmetry, transi- 
tions that are allowed in the infrared are for- 
bidden in the Raman spectrum; and con- 
versely, transitions that are allowed in the 
Raman spectnim arc forbidden in the infrared. 

MUTUAL IMPEDANCE. The impedance 
that is common to two meshes of a network 
is their mutual impedance. Equivalently, if 
a set of voltages and currents are related by 

= ^ 11-^1 + -^ 12^2 + * * • Zinin 

En = Znlll + Zn2l2 + * * * + Znnlfi 

the coefficient Z^j = is called the mutual 
impedance Ixdweon the tth and yth meshes 

MUTUAL INDUCTANCE. The ratio of 
magnetic flux linking a circuit to the current 


in another circuit producing said flux. (See 
energy of a system of current circuits.) 

MUTUAL INDUCTION- See electromag- 
netic induction. 

MUTUALITY OF PHASES, LAW OF. If 

two phases, with respect to a certain definite 
reaction, at a certain temperature, are in equi- 
librium with a third phase, then at the given 
temperature and for the same reaction, they 
arc in equilibrium with each other. 

MUTING SWITCH. A switch used to ac- 
complish intercarrier noise suppression, espe- 
cially in automatic tuning systems. 

MYOPIA. A condition of the eye in which 
light from a distant object is focused by the 
relaxed eye at a point in front of the retina. 



N 


N. (1) Avogadro number (N). (2) Nitrogen 
(N). (3) Neutron (n). (4) Normal (solu- 

tion) {N orn). (5) Number (n). (6) Num- 
ber of molecules, atoms or nuclei (A^) , if kinds 
are plural (AT,.;...). (7) Number of radio- 
active atoms at time t (N). (8) Number of 

radioactive atoms, initial (A^o). (9) Number 

of radioactive atoms, initial, if kinds are 
plural (A^^i. 2 * ••). (10) Number of components 

(plKi:)C rule) (/?). (11) Total number of lines 
in a grating (A^). (12) Number of molecules 

per unit volume (n). (12) Num})er of mole- 

cules per cm*'* under standard conditions 
(Loscliinidt number) (A^)). (14) Number of 

moles (.V). (15) Number of revolutions per 

unii lime (n) (10) Number of turns of con- 
ductor (A"). (17) Transport number (n). 

(l.S) Principal quantum number or shell num- 
ber of an electron (?/). (19) Direction cosines 
(/,//?,/?). (20) Refractive index (n), group 

refractive index (7?y). (21) Shear modulus 

of elasticity (v), (22) Total angular momen- 

tum of the electrons an«l nuclei, (exclusive of 
spin (Hund’s cases b, b' and d) (N). 

N-ELECTRON. An electron characterized 
by having a principal quantum nun^ber of 
value 4. (See also N-shell.) 

N-LINE. One of the lines in the N-s(Ti(\s of 
x-rays which are characteristic of the various 
elements and are produced by excitation of 
the electrons of the N-shcll. 

N-RADIATION. One of a series of x-iays 
due to the excitation of electrons of the N-shelL 

N-SHELL. The collection of all those elec- 
trons in the atom which have the principal 
quantum number 4. The N-shell is started 
with the element potassium, atomic number 
19, which has one electron in its N-shell, and 
the N-shell is finally completed (containing 
32 electrons) with the element lutecium, 
atomic number 71. During the progression 
from potassium to lutecium the difference be- 
tween elements of consecutive atomic numbers 
is frequently not in the N-shell, but in an elec- 


tron increment in the M-shell, or in the 
0-shcll, or the P-shell. 

N-TERMINAL NETWORK. See network, 
N-terminal. 

N-TERMINAL PAIR NETWORK. See net- 
work, N-terminal pair. 

N-TYPE SEMICONDUCTOR. A semicon- 
ducting material in which the conduction is 
mairjy by negatively charged electrons. 

NABLA. A name u^'Cd for V, the differential 
operator generally called del. The shape of 
the symbol is thought to he similar to that of 
an Assyrian harp with that name. 

NAPIER. See neper (napier). 

NAPPE. Sec conical surface. 

NARTB. Abbreviation for National Associa- 
tion of Radio and Television Broadcasters. 

« 

N 4TIONAL ELECTRONICS CONFER- 
ENCE. An amiiiai conference held each 
()et(*her in C'hicago Papers given at this 
conr(‘renee are published as the Proceedings 
of the National Electronics Conference 

NATIONAL TELEVISION SYSTEM COM- 
MITTEE. A committee consisting of repre- 
sentatives from companies iidcrested in tele- 
vision which, since its founding in 1940, has 
helped establish system standards in all phases 
ot the industry. 

NATURAL FREQUENCY. Sec frequency, 
natural. 

NATURAL PERIOD. Sec period, natural. 

NATURAL RADIOACTIVITY. Radioactiv- 
ity exliibited by naturally occurring sub- 
stances, in their natural state. 

NATURAL RADIOACTIVE NUCLIDES. 
Sec radioactive nuclides, natural. 

NAVIER - STOKES EQUATIONS FOR 
FLUID MOTION. The equations that de- 
scribe the motion of an incompressible, New- 
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tonian fluid (sec fluid, Newtonian). In tensor 
form, they are 


du^ dUt dp 

p 1- pUj — = h V 

at ' dxj dx^ 


d^Ui 

dx/ 


where p is the fluid density, Ui is the component 
of the velocity parallel to 0x^, p is the pressure, 
ri is the fluid viscosity. 


NC. An abbreviation a]^plied to tube-base 
diagrams to indicate no connection. 


NEAR FIELD. Tlie acoustic radiation field 
close to the source. 


NEAR POINT OF THE EYE. The nearest 
point at which a small object may be seen 
distinctly. 

I 

NEAREST NEIGHBOR. Any atom whose 
distance from a gi\en atom in a crystal lattice 
is such that no other atom is closer to the 
given atom. The iiiiinber of nearest neigh- 
bors is the coordination number of the lattice 


NEGATIVE FEEDBACK. See feedback, 
negative. 

NEGATIVE GLOW. The luminous region in 
a gas-discharge at inodcrately-low pressure, 
as in a Crookes tube, between the cathode 
dark space and the Faraday dark space. 

NEGATIVE GRID GENERATOR. Any of 

the various clcctron-tube oscillators (see oscil- 
lator, electron-tube) which is designed to oper- 
ate without drawing grid current at any time 
during the oscillation cycle. 

NEGATIVE-ION BLEMISH. See ion bum 
in cathode-ray tubes. 

NEGATIVE ION VACANCY. A site in the 
lattice of an ionic crystal from wdiich a nega- 
tive ion is absc'iit. Such a vacancy has an 
effective positiV(‘ charge, since putting the 
negative ion back into jilace must render the 
crystal neutral. 

NEGATIVE LENS SYSTEM. Another name 
for a divergent lens system. 


NEC. Abbreviation for National Electronics NEGATIVE MODULATION. See modiila- 
Confcrence. tion, negative. • 


NEEDLE. (1) The jiart of a phonograph 
pickup which com(‘s into contact with the 
record groove. (2) Tlic pointer of an elcc- 
liical indicating instiuiiicnt (3) The moving 
( l('iu( lit of an elcctromclcr. 


NEGATIVE NODAL POINTS. Points w Inch 
he as far from the focal points as the ordinary 
cardinal nodal points, hut on opposite <=?idcs 
Their position is such that the angular magni- 
fication is unity, but negative. 


NEEDLE CHATTER, Sec needle talk. 

NEEDLE SCRATCH. The })r(‘doininantly 
high-fre(]uency noise output of a phonograph 
pickup due to the inhornogeiKuty of the groove 
surfaces of the record. 

NEEDLE TALK. The direct acoustic output 
fiom a phonograph needle produced as it 
tra^'cls along a modulated groove 

NEGATIVE BRANCH. See Fortrat parab- 
ola. 

NEGATIVE CRYSTAL. A birefringent crys- 
tal in which the velocity of the extraordinary 
ray is greater than the velocity of the ordinary 
ray. (See double refraction.) Calcitc is an 
example of a negative cr>"stal. 

negative: ELEC7RON. A term some- 
times applied to tlic el\ ctron when it is neces- 
sary to distinguish between electrons and 

positrons. 


NEGATIVE PICTURE PHASE. The condi- 
tion in a television system in wdiich an in- 
crease in brilliance corrc'-ponds to an increase 
in the negative value of the video signal. 

NEGATIVE PRINCIPAL POINTS. Conju- 
gate points of a lens for which the lateral 
magnification is unity and negative. Tliey 
lie at ^wdec the focal length and at opposite 
sides of the lens. 

NEGATIVE PROTON. The same as anti- 
proton. 

NEGATIVE - RESISTANCE OSCILLATOR. 
See oscillator, negative-resistance. 

NEGATIVE TRANSMISSION. Negative 
modulation. (See modulation, negative.) 

NEGATRON. (1) A term used for electron 
when it is necessary to distinguish between 
(negative) electrons and positrons. (2) A 
four-element vacuum tube w^hich displays a 
negative resistance characteristic. 
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NEMA. Abbreviation for National Electric 
Manufacturers Association. 

NEMATIC PHASE. One of the forms of 
the mesomorphic state, the “liquid crystals.” 
The characteristic appearance is that of mo- 
bile, thread-like structures, especially visible 
upon examination of thick si)Ocimcns with 
polarized light. This fonn has a single op- 
tical axis, which takes the direction of an 
applied magnetic field. The liquid apjiears 
turbid but does not yield an x-ray diffraction 
pattern. 

NEMO. Broadcast parlance for a remote cir- 
cuit. 

NEODYMIUM. Rare earth metallic clc- 
incmt. Symbol Nd. Atomic number fiO 

NEON. Gaseous element. Symbol Ne 
Atomic number 10. 

NEPER (NAPIER). A unit used to express 
the scalar ratio of two current or two volt- 
ages, the number of nejicrs being the natural 
logarithm of such ratio With and /j 
designating the scalar value of two curients, 
and N the number of nepers denoting their 
scalar ratio 

N = In {li/h) nepers. 

When the conditions are such that the power 
ratio is the square of the corresponding current 
or voltage ratio, the number of nepers hy wliieli 
the eorn'sponding voltages or euinait differ 
may be expresse(l by the following forn ula: 

N = ^In nepers 

where P 1 /P 2 1^=? Ihe giv^en powder ratio By 
extension, tiiis relation bctwc'cn number of 
nepers and powTr ratio i*- soiiielime.s applied 
where this ratio is not the square of tiu or- 
responding current or voltage ratio; to avoid 
confusion, such usage should he accompanied 
hy a specific statement of this ap]'>liea^ion. 
One neper is equal to 8 686- * • decibels. The 
neper is used in mechanics and acoustics by 
extending the above definition to include all 
scalar ratios cf like quantities which are anal- 
ogous to current or voltage. 

NEPHELOMETER. A photometric instru- 
ment for determining the amount of light 
transmitted (or scattered) by a suspension of 
particles. Since this quantity is dependent 
upon the size and concentration of the par- 


ticles, the method provides a means of de- 
tennining particle size, if the number can be 
determined, or particle concentration, if the 
size can he controlled. As used in analytical 
procedures, one or more of the factors are 
eliminated by precipitating under standard 
conditions, or by comparison with a standard 
so tjiat the instrument can be used in quan- 
titative determinations. 

NEPHELOMETRY. The measur(‘mcnt of 
the concentration, jiartiele size, etc , of sus- 
pension hy means of its light transmission or 
ilisporMon. etc , and the a[)plication of the re- 
sults, especially in chemical analysis. 

NEPHOSCOPE. An instrument used in ob- 
‘-erving the direction and velocity of cloud 
inov(^ment. 

NEPTUNIUM. Transuraiiic radioactive ele- 
ment Symbol Nj). Atomic number 98. 

NERNST APPROXIMATION FORMULA, 
A formula lor tlio equilibrium constant of a 
ga*^ leacdion derived from the Nemst heat 
theorem l)y certain simplifying approxima- 
tions. This formula is expressed as: 


+ 1.70 log - T + 2vi 

j 57 

wdiere Kp is the eqiiihhriimi constant of the 
reaction, Af/ its change in heat content, 
IS the algebraic ^um of the number of moles 
of the gasecm'^ 1 (‘actants (01 in other w^ords, 
the change in numlau ot moles of gaseous re- 
actants due to the vcactivUi), T is the absolute 
temperature, /■? is a constant, and I is the con- 
ventional chemical constant. 

NERNST BRIDGE. A four-arm bridge in 
wdiich all four arms are capacitances; used for 
capacity measurements at high frefquencies. 

NERNST EFFECT. If heat is flowing 
through a strip of metal and the strip is 
placed in a magnetic field perpendicular to 
its plane, a difference of electric potential de- 
velops between the opposite edges. This 
phenomenon, discovered by Nernst in 1886, is 
analogous to the Hall effect, but with a longi- 
tudinal flow of heat replacing the longitudinal 
electric current. If, to one looking along the 
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strip in the direction of the heat flow, and 
with the magnetic field directed downward, 
the transverse potential drop is toward the 
right, the Nemst effect is said to be positive. 
(But Nemst at first used the opposite con- 
vention.) Bismuth, in which the phenomenon 
was first observed, shows the positive effect, 
iron the negative. (See also Ettingshausen 
and Righi-Leduc effects.) 

NERNST EQUATION. An equation for 
electrode potential based on the concept of 

electrolytic solution pressure. 

NERNST HEAT THEOREM. For a homo- 
geneous system, the rate of change of the 
free energy with temperature, as well as the 
rate of change of heat content with tempera- 
ture, approaches zero as the temperature a])- 
proaches absolute zero. 

NERNST LAMP. See lamp, Nemst. 

NERNST-THOMPSON RULE. A solvent of 
high dielectric constant favors dissociation 
by reducing the electrostatic attraction be- 
tween positive and negative ions, and con- 
versely a solvent of low dielectric constant has 
small dissociating influence on an electrolyte. 

NET PLANE. See atomic plane. 

NET TRANSPORT. Tlie diffc'rence between 
the total rate at which desired isotopes are 
transmitted toward the production end of a 
separation plant through any section, and the 
rate at which they won id be carried in the 
same flow by material of natural abundance. 

NETWORK. A combination of network ele- 
ments. 

NETWORK, ALL-PASS. A network de- 
signed to introduce phase shift or delay with- 
out introducing appreciable attenuation at 
any frequency. 

NETWORK ARM. A portion of a network 
consisting of one or more two-terminal ele- 
ments in scries. 

NETWORK, ACTIVE. A network whose 
output waves are dependent upon sources of 
power, apart from that supplied by any of 
the actuating waves which power is con- 
trolled by or.^ or more of these waves. 

NETWORK BRANCH. See network arm. 


NETWORK BRANCH, IMPEDANCE OF. 
See impedance of network branch. 

NETWORK, BRIDGED-T. A T network 
(see network, T) with a fourth branch con- 
nected across the two series arms of the T, 
between an input terminal and an output 
terminal. 

NETWORK, CONNECTED. A network in 

which there exists at least one path, com- 
posed of branches of tlie network, between 
every pair of nodes of the network. 

NETWORK, CUT-SET. A set of branches 
of a network such that the cutting of all the 
branches of the set increases the number of 
s(‘parate parts of the network, but the cut- 
ting of all the branches ('xcept one docs not. 

NETWORK, DE-EMPHASIS. A network 

inserted in a system in order to restore the 
pre-emphasized frequency spectrum to its 
original form. 

NETWORK, DELTA. A set of three 
branches connected in series to fonii a mesh. 

NETWORK, DIFFERENTIATING. \ nel- 
work whose output is the time derivative of 
its input wave form Such a network pre- 
ceding a f.oquency modulator makes the com- 
bination a phase modtilaior; or, following a 
phase detector, it makes the combination a 
frequency detector. Its ratio of output am- 
plitude to input amplitude is proportional to 
frequency, and its output phase leads its in- 
put phase by 90°. 

NETWORK, DISSYMMETRICAL. A net- 
work which is not structurally symmetrical. 
(See network, structurally symmetrical.) 

NETWORK, DIVIDING (LOUDSPEAKER 
DIVIDING NETWORK). A frequency-se- 
lective network which divides the spectrum to 
be radiated into two or more parts. 

NETWORK, DUAL. Sec network, struc- 
turally-dual, 

NETWORK, ELECTRIC. A combination of 
elements, either as a combination of intercon- 
nected devices (such as inductors, capacitors, 
resistors, generators, etc ) , or as the abstrac- 
tion of interconnected branches having the 
properties of inductance, resistance, capaci* 
tance, etc. (See alternating-current circuit; 
Kirchhoff laws.) 
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NETWORK ELEMENT. Any electrical de- 
vice (such as inductor, resistor, capacitor, 
generator, line, electron tube) with terminals 
at which it may be directly connected to 
other electrical devices. 

NETWORK, EQUIVALENT. A network 
which, under certain conditions of use, may 
replace another network. The networks need 
not be of the same form; for example, one 
may be mechanical, the otlier electric. If 
one network can replace anotlier network in 
any system whatsoever without altering in 
any way the operation of that portion of the 
system cxtemal to the networks, the networks 
arc said to be ^hietworks of general equiva- 
lence If one network can replace another 
nel\^ork only in sonic parliciilar sy'.lem with- 
out alteriii”: in any way tli(‘ ofxaation of that 
])ortion of the system external to the net- 
works. the networks are said to la' “ludworks 
of limited equivalence ” Examples of the lat- 
lor are networks wliich art' eciuivalent only 
at a single frof]iiency, over a sinalo band, in 
one direction only, or only with certain ter- 
minal conditions (such as H and T networks) 

NETWORK, II. A netwoik composed of five 
hranmes, two eonnectod in series between an 
input terminal and an output terminal, two 
connected in senes bcU\e(*n another input 
tciTuinal and a second output tcnninal, and 
the fifth conneeted from the junction point of 
the first two branclu*^ to tlie junction point 
of the second two branches, 

NETWORK, INTEGRATING. A network 

whose output wa\c form is the lime integral 
of its input wave fonn. Such a network pre- 
ceding a phase modulator makOvS the combi- 
nation a frequency modulator; or, following 
a frequency detector, makes the conibii ^ ion 
a phase detector. Its ratio of output ampli- 
tude to input amplitude is inversely propor- 
tional to frequency, and its output phase lags 
its input phase by 90°. 

NETWORK, L. A network <‘omposed of two 
branches in series, the free ends being con- 
nected to one pair of terminals, and the junc- 
tion point and one free end being connected 
to another pair of terminals. 

NETWORK, LADDER. A network com- 
posed of a sequenc(‘ of H, L, T, or 11 networks 
connected in tandem. 


NETWORK, LATTICE. A network com- 
posed of four branches connected in series to 
fonn a mesh, two nonadjacent junction points 
serving as input terminals, while the remain- 
ing two junction points serve as output ter- 
minals. 

NETWORK, LINEAR. A network for which 
the -pertinent measures of all the waves con- 
c^'rnod are linearly related By “linearly re- 
lated’^ is meant any relation of linear char- 
acter, wdielher liih*ar algebraic equation or 
linear differential equation or other linear 
connection. The tenn “waves concerned^' 
connotes aetunting waves and related output 
Avavos, the relation which is of primary inter- 
est in the problem at hand. 

NET.WORK, LINEAR PASSIVE ELEC- 
TRIG. A network whose state is described 
by a luimbLr of independent voltages, or a 
number of independent currents. Tlio volt- 
age^ are linear functions of the currents (and 
com crs(‘]y) . 

NETWORK MESII. A sid of branches form- 
ing a closed patli in a network, provided that 
if any one braneh is omitted from the sot, 
the remaining branches of the st*t do not form 
a closed ])ath The term loop is sometimes 
u-^ed m the sense of inosh. 

NETWORK, NODE (JUNCTION POINT), 
(BRANCH POINT), (VERTEX). A terminal 
of any branch of a network or a terminal 
common to two or more branches of a net- 
^^olk. 

NETWORK, NONLINEAR. A network 

(circuit) not specifiable by linear differential 
etpiatiuns with time us the independent vari- 
able. 

NETWORK, NONPLANAR. A network 

which cannot bo drawn on a plane without 
crossing of branches. 

NETWORK, N-TER\«NAL. A network with 
N uccossjble terminals. 

NETWORK, N-TERMINAL PAIR. A net- 
work with 2 N accessible terminals grouped 
in pairs. In such a network one terminal of 
each pair may coincide with a network node. 

NETWORK, PASSIVE. A network whose 
output waves are independent of any sources 
of power which is controlled by the actuating 
waves. 
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NETWORK, PI. A network coin[)oscd of 
three branches connected in scries with each 
other to form a mesh, the three junction 
points forming an input terminal, an output 
terminal, and a common input and output 
terminal, respectively. 

NETWORK, PLANAR. A network which 
can be drawn on a plane without crossin^^ of 
branches. 

NETWORK, PRE-EMPHASIS. A network 

inserted in a system in order to emphasize 
one range of frequencies with respect to an- 
other. 

NETWORK, QUADRIPOLE. See network, 
two-terminal pair. 

NETWORK, SERIES TWO-TERMINAL 
PAIR. Two- terminal pair networks are con- 
nected in series at the input or at the output 
terminals when their respective input or out- 
put terminals are in series. 

NETWORK, STAR. A set of three or more 
branches with one terminal of eacli connected 
at a common node. 

NETWORKS, STRUCTURALLY-DUAL. A 
pair of networks such that tlieir branclie'^ can 
be marked in one-to-one correspondence so 
that any mesh of one corresponds to a cut-set 
of the other. Each network of such a pair is 
said to be the dual of the other. 

NETWORK, STRUCTURALLY SYMMET- 
RICAL. A network which can be arrange^! 
so that a cut through the network i)rodu(‘es 
two parts that are mirror images of each 
other. 

NETWORK, SYMMETRICAL. See net- 
work, structurally symmetrical. 

NETWORK, T. A network composed of 
three branches with one end of each branch 
connected to a common junction point, and 
with the three remaining ends connected to an 
input terminal, an output terminal, and a 
common input and output terminal, respec- 
tively. 

NETWORK, TWO-TERMINAT. PAIR 
(QUADRIPOLE) (FOUR-POLE). A net- 
work with four acce--’ible terminals grouped 
in pairs. In such a network, one tenninal 
of each pair may coincide with a network 
node. 


NETWORK, Y. A star network (see net- 
work, star) of three branches. 

NEUMAN PRINCIPLE. The physical prop- 
erties of a crystal cannot be of lower sym- 
metiy than the symmetry of the external fonn 
of the crystal. Thus, for example, all the 
pro] )C 1*1108 of a cubic crystal must have cubic 
symmetry — which means that any tensor 
pro])erty such as susceptibility, resistivity, 
thermal expansion, etc., must be isotropic. 

NEUMANN BOUNDARY CONDITIONS. 

Specification of the normal derivative of the 
solution to a partial differential equation 
along a bounding curve. 

NEUMANN FUNCTION. Also called a Bes- 
sel function of the second kind, it is defined 

by 

Nni-r) = CSC r?7r[cos riirJn(^r) — J. n(.0] 

whore is a Bessel function. Tlie gen- 

eral solution of the Bessel differential equa- 
tion can be taken as // - 
where A, B arc integration constants. The 
index n may be either non-integral or^nt(‘gral 
but in tlie latter ease /Vn(.r) contains a loga- 
rithmic term so that this solution is usually 
unsuitahle for a physical problem because of 
its behavior at r = 0. 

NEUTRAL. (1) Having no electric charge, 
or no net electric charge. (Thus, an atom, in 
wliich the total negative cliarge of the elec- 
trons is ecpial to the positive change of the 
nucleus wliich they surround, is a neutral 
atom.) (2) According to tlie ionizalion hy- 
pothesis, a eono('ntration of hydrogen ions 
equal to 1 X to (The figure varies a little 
according to the temjierature and the method 
of determining the degree of ionization of 
wat(‘r.) Ilydrogeri-ion concentrations greater 
than this figure confer acid properties; lower 
concentrations occur in alkaline systems. 

NEUTRAL ATOM. An atom in which the 
positive charge on the nucleus is equal to the 
total negative charge of the electrons which 
surround the nucleus. Therefore, the atom 
does not possess an electric charge. 

NEUTRAL DENSITY FILTER. A liglit fil- 
ter which reduces the intensity of the light 
without changing the relative spectral distri- 
bution of the energy. Also called gray filters. 
Few absorption-type filters are absolutely 
neutral. 
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NEUTRAL MOLECULE. In general, a 
molecule without electrical charge; the term 
is applied often to a system of two ions of 
opposite but equal charge, in a solvent The 
two ions comprising this system differ from 
solvated ions, which consist of complexes 
formed between molecules of solvent and ions. 

NEUTRAL POINT. In meteorology, any 
point at which the axis of a wedge of high 
pressure intersects the axis of a trough of low' 
pressure. Also called '"saddle point ’’ 

NEUTRALIZATION. A method of nullify- 
ing the voltage feedback from the output to 
the input circuits of an amplifier through the 
tube intcrelectrode impedances Its princifial 
u^c‘ i'' in preventing oscillation in an a!n])h- 
fior by introducing a voltage into the input, 
eclnarin magnitude but opiKisite in phase to 
tlu' feedback through the interelectrode ca- 
pacitance. 

NEUTRALIZATION, CROSS. A method of 
neutralization used in push-pull amplifiers 

wlu'rehy a portion of the plate-cathode alter- 
natiiui-current voltage of each tube is applied 
to the grid-cathode ciicuit of the other tube 
through a neutralizing capacitor. 

NEUTRALIZATION, INDUCTIXT: (SHUNT, 
COIL). A method of neutralizing an ampli- 
fier whereby llu' feedback susccptancc due 
to the plate-to-gn^l cajiacitai o i^ cancelled 
bv the equal and opposite suscejdance of an 
inductor. 

NEUTRALIZATION, PLATE. The method 
of neutralizing an amplifier in wdiich a por- 
tion of the platc-cathode alternating-current 
voltage is shifted 180°, and applied to the 
gnd-cathodc circuit through a neutralizing 
capacitor. 

NEUTRALIZING INDICATOR. An auxil- 
iary device for indicating the <h‘grcc of neu- 
tralization of an amplifier. (For example, a 
lamp or detector coupled to the platc-taiik 
circuit of an amplifier.) 

NEUTRALIZING POWER OF A LENS. 
Tiic reciprocal of front focal length. 

NEUTRALIZING VOLTAGE. The alternat- 
ing-current voltage specifically fed from the 
grid circuit to the plate circuits (or vice 
versa), deliberately made 180° out of phase 
with and equal in amplitude to the alter- 


nating-current voltage similarly transferred 
through undesired paths, usually the grid-to- 
plate tube capacitance. 

NEUTRINO. A neutral particle of very 
small (possibly zero) rest mass and of spin 
f|iiantuin number Vo. The mass has been 
shown experimentally to be less than 0 01m,.. 
Thi^ particle was postulated to account for 
the continuous energy distribution of yff-par- 
ticles and to conserve angular momentum in 
the p-deeay process. Experimental evidence 
is aKo accumulating to the effect that, for tlie 
linear momentum to be conserved in the 
/j-iu'ocess, there must be a eontriliution from 
a departing neutrino. Presumably, a neutrino 
(or antineiitrino) is emitted in every ^-transi- 
tion. The energy of a neutiino emitted m a 
/^-disintegration is assumed to he e(]ual to the 
difference betw'een the energy of the particu- 
lar /?-])article and the ener^ corresponding to 
Ihe upper limit of the continuous spectrum for 
that /^-transition. The neutrino has also been 
postulated as one of the particles in 7r-meson 
decay and as one or two of the particles in 
/Lt-meson flecay. Because of its properties, 
the nciitrino has v(*ry weak interactions wdth 
matter. Thu symbol y is often used for the 
neutiirio. 

NEUTRINO THEORY OF LIGHT. Theory 
in which a photon is described in terms of a 
transition of a neutrino from one state to an- 
other, the direction of motion of the neutrino 
being unchanged in the process The theory 
of the interaction of such a photon wdth an 
atom then leads to a condition which is in- 
consistent with the commutation rules. 

NEUTRODYNE. An amplifier stage neu- 
tralized with voltage fed back through a ca- 
pacitor. Old usage. 

NEUTRON. A neutral elementary particle 
of mass number 1 It is believed to be a 
constituent particle of all nuclei of mass num- 
ber greater than 1. It is unstable with re- 
spect to ^-decay, wdlh a half-life of about 12 
min. It produces no detectable primary" ioni- 
zation in its passage through matter, but in- 
teracts wnth matter predominantly by col- 
lision? and, to a h'sscr extent, magnetically. 
Some properties of the neutron are: rest mass, 
1.0US94 atomic mass unit; ehaigc, 0; spin 
quantum number, % ; magnetic moment, 
— 1.9125 nuclear Bohr magnetons; statistics, 
Fermi-Dirac. 
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NEUTRON CONSERVATION OR BAL- 
ANCE. The underlying principle for any 
theory of nuclear reactors. It may be stated 
as follows: In a given volume, the time rate 
of change of neutron density is equal to the 
rate of production minus the rate of leakage 
and the rate of absorption. 

NEUTRON CRYSTAL SPECTROMETJER, 
VELOCITY-SELECTOR. A device in which 
slow neutrons from an intense source arc al- 
lowed to impinge on a crystal, and a detector 
is placed so that the diffracted beam falls 
upon it. For any arbitrarily chosen value 
of the glancing angle 6, the great majority of 
neutrons reaching the detector will have a ve- 
locity given by the Bragg equation: 

nh 

V = : — " 

2(lm sin 6 

where n is an integer, usually unity, h is the 
Planck constant, d is the crystal spacing, and 
m is the mass of the neutron 

NEUTRON CURRENT DENSITY. The 

number of neutrons crossing unit surface per 
unit time, in a direction nonnal to the surface. 

NEUTRON CYCLE. The life history of the 
neutrons in a nuclear reactor starting with 
the fission process and continued until all the 
neutrons have been absorbed or have leaked 
out. 

NEUTRON DENSITY. The number of neu- 
trons per unit volume. Partial densities may 
be defined for neutrons eliaracterized by such 
parameters as speed and direction. 

NEUTRON DETECTION. Neutrons may be 
detected by making use of tlie charged par- 
ticles produced by the interaction of neutrons 
with atomic nuclei, as in the boron-trifluoride 
counter, or by ohscMviiig charged particle re- 
coils resulting from tlie collision of the n(‘U- 
trons with protons, etc. 

NEUTRON ENERGY, FAST NEUTRON 
REGION OF. The energy region above about 
10 ev. 

NEUTRON ENERGY, RESONANCE RE- 
GION OF. The energy region from about 
0.1 ev to about 10 ev, eliaracterized in many 
substances by the oc iirrencc of peaks where 
the absorption croi.s section (see cross sec- 
tion, absorption) rises to high values for cer- 
tain neutron energies, and then falls again. 


NEUTRON EXCESS. The difference be- 
tween the number of neutrons and the num- 
ber of protons in the nucleus; found by sub- 
tracting the atomic number of that nuclide 
from the neutron number; or by subtracting 
twice the atomic number from the mass num- 
ber. 

NEUTRON FISSION-SCINTILLATION AP- 
PARATUS. A device for the detection of 
slow neutrons in which a small amount of a 
uranium compound enriched in fissionable 
U235 jg ly^ixed with a substance cajuible of 
producing luminoscenco when struck by a fis- 
sion fragment. The luminescence is then de- 
tected by a scintillation counter. (See coun- 
ter, scintillation.) 

NEUTRON FLUX. For neutrons of a given 
energy, the product of neutron density with 
speed. (See flux.) 

NEUTRON FORMATION BY STRIPPING. 

If a high energy deuteron strikes a targ(‘t 
nucleus in such a way as to graze the edge of 
the latter, the proton (in tlie fleuteron) may 
be stripiied off, ^\hlle the neutron continues to 
travel in a straight line. 

NEUTRON HARDENING. The effect 
caused by the diffusion of thermal neutrons 
through a medium ha\ ing an absorption 
cross section decreasing ith energy Be- 
cause the slower neutrons are preferentially 
absorbed, the a\erage energy of the diffusing 
neutrons becomes greater. 

NEUTRON HOWITZER. A collimating ap- 
paratus for the production of a stream of 
neutrons, consisting of a source of neutrons, 
Mich as a mixture of heryllinin filings and 
radon, contained in a block of ])araffin, from 
which ihe stream of neutrons escapes by a cir- 
cular passage, small in cross-sectional area 
and lined with cadmium. 

NEUTRON LEAKAGE. The loss of neutrons 
from a nuclear reactor due to leakage through 
the boundaries of the reactor. 

NEUTRON MAGNETIC MOMENT. The 

neutron magnetic moment is equal in magni- 
tude to 1913 Bohr nuclear magnetons. The 
direction of the moment is opposite to that 
of the proton. 

NEUTRON NUMBER. The number of neu- 
trons in a nucleus. Its symbol is AT, and it is 
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indicated symbolically when desired by a 
subscript number following the symbol of the 
nuclide. The neutron number for a given nu- 
clide is equal to the difference between the 
mass number for that nuclide and the atomic 
number. 

NEUTRON PRODUCER. A nuclear reac- 
tor designed as a source of neutrons for iso- 
tope production. 

NEUTRON - PROTON EXCHANGE 

FORCES. Forces postulated in an attempt 
to explain nuclear forces in terms of an en- 
ergy contribution brought about quantum- 
mechanically as the result of the exchange 
of charge between a proton and a neutron. 

NEITRON RADIATIVE CAPTURE. The 

capture of a slow neutron by an atomic nu- 
cleus with the prompt emission of one or more 
y-rays, the total energ>" of which is equal to 
th(' binding energy of the neutron in the com- 
pound nucleus. 

NEUTRON REFLECTION. Neutrons may 
be reflected by crystalline materials accord- 
ing to the Bragg law for the de Broglie wave- 
length characteii'^tic of their eiuTgy, or they 
may he totally reflected by highly polished 
surfaces of selected materials at angles smaller 
than their critical angle. 

NEUTRON VELOCITY SELECTOR. Any 

of several types of instrument© in which neu- 
trons of a particular velocity or range of 
velocities are singled out for detect j» n. In 
the simplest ty{)e, cadmium is used tc shield 
the detector. Neutrons of energy less than 
about 0 3 ev are strongly absorbed in the 
cadmium and are therefore not detected. In 
the time-of-flight selector neutrons are de- 
tected which take a given time to traverse a 
fixed distance. The neutron crystal velocity 
selector makes use of the Bragg diffraction 
of neutrons from a crystal. 

NEUTRONS, DELAYED. Neutrons emitted 
by excited nuclei formed in a radioactive 
process (^-disintegration, in all cases so far 
known). The neutron emission itself is 
prompt, so that the observed half-life is that 
of the preceding /^-emitter. The situation is 
similar to that involving y-ray emission, 
which is a competing process. Delayed neu- 
tron emission is possible only if the excitation 
energy of the product nucleus exceeds the 
neutron binding energy for that nucleus. The 


chemistry of the delayed neutron emitter i$ 
that of the /i^-activity ; thus and 

are delayed neutron precursors, although the 
neutron emission actually takes place from 
excited nuclei of tlie products Kr®*^, Xe^®^ and 

NEUTRONS, EPITHERMAL. Neutrons 
having energies just above those of thermal 
neutrons; the epithermal neutrons^ energy 
range is between a few hundredths ev and 
about 100 ev. 

NEUTRONS, FAST. Neutrons with energies 
exceeding 10® ev, although sometimes a lower 
limit is given. 

NEUTRONS, INTERMEDIATE. Neutrons 
having energies in a range that extends 
rouglily from 100 to 100,000 ev. This range 
is above that of epithermal neutrons and be- 
low that of fast neutrons. 

NEUTRONS, RESONANCE. (1) For a 

specified nuclifle or element, neutrons that 
have energies in the region where the cross 
section of the nuclide or clement is particu- 
larly large because of the occurrence of a 
resonance. For example, cadmium resonance 
neutrons have energies between 0.05 and 
about 0.3 ev. (2) Neutrons having kinetic 
energies in the region of values for which 
prominent resonances are encountered in 
many nuclides: loosely, epithermal neutrons. 

NEUTRONS, SLOW. (1) Neutrons having 
kinetic energies up to about 10^ ev. (2) 
Loosely used as a synonym for thermal neu- 
trons. (See neutron.s, thermal.) 

NEUTRONS, SOURCES OF. Neutrons may 
he produced as the result of nuclear trans- 
formations such as (a,T 2 ), (y,n), (p,n), or 
(d,r 2 ), or they may be produced in nuclear 
reactors as a result of fission. In each of 
these processes fast neutrons are produced; in 
order to got slow neutrons, a moderator such 
as paraffin must be used to slow the neutrons 
down 

NEUTRONS, SOURCES OF MONOENER- 
GETIC. See neutron velocity selector. 

NEUTRONS, THERMAL. Neutrons in ther- 
mal equilibrium with the substance in which 
they exist; commonly, neutrons of kinetic en- 
ergy about 0.025 ev, which is about % of the 
mean kinetic energy of a molecule at 15°C. 


Newton — Newton Method for Solution of Equations 
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NEWTON. A unit of force in the MKS sys- 
tern, abbreviation new or N. The force neces- 
sary to impart an acceleration of one meter 
per second per second to a mass of one kilo- 
gram. 

NEWTON-COTES FORMULA. A method 
of numerical integration. Assume that the 
integral 

f f{jr)dx 

da 

may be approximated by 

h 

<t>ix)dx = Aoyo + AilJi H h AnVn 

where the quantities Ai are independent of 
yi. By proper choice of these quantitier, the 
numerical result may be made vciy close to 
the true value of the integral. Special cases 
of the formula are the trapezoidal rule, the 
Simpson rule, and the Weddle rule. 

NEWTON EMISSION THEORY. The hy- 
pothesis advanced by Sir Isaac Newton that 
light was due to an emission of luminous cor- 
puscles from a source. 


NE^VTON FORMULA FOR INTERPOLA- 
TION, Let a difference table be given with 
numerical values of ^o, l/i, y 2 •••; equally 
spaced values of the argument, .Tq, • • • ; 

h = (Xn — Xo)/n and the finite differences. 
Then a value of y for .r = .t* + hu, not 
contained m the table, may be found by New- 
ton’s formula for forward interpolation 


y = Vk + y^Vk + ^ 2 ) 

As its name implies, this equation is used for 
calculation near the beginning of a dilTerence 
table. Near the end of such a table, Newton’s 
formula for backward interpolation is appro- 
priate. 

y ^ Vk - vAvk-i 

+ (2)aV*-2±---+(-1)”Q^*2/o 

where x = Xjt — hv. These equations are also 
known as Gregory-Newton formulae. 

NEWTON LAW FOR HEAT LOSS (COOL- 
ING). The i.eat lost by radiation and con- 
vection from one body to another is propor- 


tional to the temperature difference between 
the two bodies. This law holds only for small 
temperature differences and then only ap- 
proximately. 

NEWTON LAW OF HYDRODYNAMIC 
RESISTANCE. The force opposing the 
steady motion of a solid body through a fluid 
medium is proportional to the square of the 
velocity, the density of the fluid and the cross- 
sectional area of the body. This law is ap- 
proximately true for bluff bodies (spheres, 
flat plates, etc.), but is seriously in error for 
streamlined boflies. 


NEWTON LAW OF UNIVERSAL GRAVI- 
TATION. Every particle in the universe at- 
tracts every other particle with a force that 
is directly proportional to the jiroduct of their 
masses, and inversely jiroportional to the 
square of the distance between their centers 
of mass. The constant of proportionality in 
the c g.s system of units is 


G = CG70 X 10' 


dyne cm“ 


(See Newton theory of gravitation.) ^ 


NEWTON LAWS OF MOTION. (1) A par- 
ticle remains at rest or in a state of uniform 
motion in a straight line unless acted upon 
by an external force (2) The acceleration 
produced by a force is directly profiortional 
to the force anrl inversoly proportional to tlic 
mass of the particle which is being acceler- 
ated. (3) To every action there is an equal 
and opposite reaction. 

Newton’s law^s of motion may he consid- 
ered as the basic postulates of the theory of 
mechanics. They apply strictly only to in- 
finitesimal particles, but may bo extended to 
rigid bodies by the assumption that these 
bodies may be treated as collections of par- 
ticles They are also limited to instances in 
which classical mechanics apply, i e., to cases 
in which the speeds of motion are small com- 
pared to the speed of light. 

NEWTON METHOD FOR SOLUTION OF 
EQUATIONS. Let x = Xo be a first approxi- 
mation to a real root of an equation /(x) = 0 
found by trial, by graph or otherwise. Then 
a second approximation to the root is given 
by the formula 

f(^o) 

X = Xn 
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where /' is the derivative of /. A new ap- 
proximation may be obtained by substituting 
in this formula again and so on until the de- 
sired degree of accuracy is obtained. The 
formula is based on finding tlic point where 
the tangent to the curve at x = Xq cuts the 
X-axis. Sometimes also called the Newdon- 
Raphson method. 

NEWTON RINGS. An interference phe- 
nomenon, easily observed by laying a slightly 
convex lens upon a flat glass plate. When the 
lens and plate are arranged so that mono- 
chromatic light is reflected at a suitalfle angle 
to Iho observer’s eye, the point of contact is 
seen to be surrounded by a series of concen- 
tric, alternately bright and <lark rings, which 
become closer together with increasing ladiiis. 
The rings are due to the interference of light 
at the film of air between the glass surfaces, 
which film increases in thickness with increas- 
ing distance from the contact poinl 

NEWTON THEORY OF GRAVITATION. 

Nc'wl oil’s concc'ption of gra\itation was ex- 
l)ressed by his statement, to the effect that 
eveiy fiarticle of mattcT attracts every other 
partich* vsith a force proportional to the prod- 
uct of th(‘ masses and to the inverse square 
of the distance V'e are thus left to picture 
an inflmt(‘ly comi)h‘x network of attractions 
joining evirv two particles in the universe and 
tending to pull them togetlu'r Nhavton did 
not s])ecify what the '^jiarticles’ were assumed 
to be, whether atoms or otherwise. 

Tlie N('wtonian law may be exjiress d by 
the equation / = in w'hich ihx and 

My are the masses of twm particles, r the dis- 
tance lietween them, and G the gravitation 
constant. For practical purposes the ^^par- 
ticles” may be homogeneous sjiheres, r being 
the distance between their centers. Other 
bodies of finite size, -ucli as cubes or cylirn t rs, 
wmuld not do, as they are not ‘"centrobaric”; 
that is, there is no one point toward wdiich 
their attraction is directed ddie planets and 
stars, being -sensibly spherical, may be treated 
app''oximatcly as particles Ft was from the 
study of the two-body jiroblem as applied to 
such objects that Newdon deduced the con- 
clihsion expressed in his law. 

NEWTONIAN FLUID. See fluid, New- 
tonian. 

NEWTONIAN POTENTIAL FUNCTION. 
See potential. 


NEWTONIAN TELESCOPE. A reflecting- 
type telescope with a 45° mirror, so that the 
primary image is observed through a hole in 
tlie side of the tube. 

NICALOI. A high-permeability, isotropic 
magnetic alloy composed of approximately 
50^ nickel, 50% iron. 

NICHOLS RADIOMETER. The apparatus 
used by Nichols and Hull for the measurement 
of radiation pressure (1901) consisted of a 
pair of small, silveied glass mirrors suspended, 
in the manner of a torsion balance, by a fine 
quartz fiber wuthin an enclosure in wfliich the 
air pressure could be regulated. The torsion 
head to wdiich the fiber was attached could 
be turned from outside the enclosure by means 
of a magnet. A beam of light was direHed 
first dn one mirror and then on the other, and 
tbe opposite deflections ohs,erved with mirror 
and scale. By turning the mirror system 
aroiiiifl so as to receive the light on the un- 
silverod side, the influence of the air in the 
enclosure could be ascertained. This influence 
wuis found to be a minimum, and to have an 
almost negligible value, at an air pressure of 
about If) mni of rncrcuiy. The radiant energy 
of the incidiuit beam w'as deduced from its 
heating effect upon a small, blackened silver 
disk, W'hich w'as found more I’cliable than the 
bolometer at first used. With tliis apparatus 
the experimenters were able to obtain an 
agreement between obsiTved and computed 
radiation pressures within abuu^ 0.0 of 1%. 

NICKEL. Metallic element. Symbol Ni. 
Atomic number 28. 

NICOL PRISM. See prism, Nicol. 

NIGHT BLINDNESS. Tf the fovea has no 
rods, that pail of the retina suffers from night 
blindness, a term (lescrii)mg various degree*^ 
of inability to see w’ith low' illumination. 

NIGHT EFFECTS. The errors in bearings 
taken by radio direction-finders caused by 
pola.ization effects in the atmosjihere, usu- 
ally at night. 

NIGHT ERROR. See night effects. 

NILPOTENT. An operator, generally repre- 
sented in matrix form, which satisfies the 
relation 

A" = 0 

for some value of n. (See also idempotenL) 


Nimbostratus — Noise, Background 
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NIMBOSTRATUS. Type of stratus from 
which rain or snow appears to fall. Sometimes 
the stratus layer is merged with altostratus 
or altocumulus, and the total cloud layer is 
very deep. More frequently there is a clear 
break between the two layers. Nimbostratus 
is dull and grayish and usually ragged. 

NIOBIUM, Metallic clement. SymboLNb. 
Atomic number 41. 

NIPKOW DISK. The early scanning disk 
of mechanical television. 

NIT. A unit of luminance, equal to 1 candle/ 
sq m. 

NOBLE GASES. Any of the elements He, 
Ne, A, Kr, Xe, Rn characterized by closed 
shells or subshells of electrons. So-calWl be- 
cause of their chemical inactivity. 

NOCTOVISION. A television system for 
seeing in the dark, usually einplo>iiig infrared 
rays. 

NODAL LINES. On a vibrating diaphragm, 
lines along which no vibration take*> place 
If the diaphragm is circular they consi'^t of 
two kinds, concentric nodal circles and nodal 
diamet('rs. 

NODAL PLANE. See discussion of nodal 
points. 

NODAL POINT(S). (1) Of all the rays that 
pass through a lens from an off-axis object 
point to its corresjionding image i)oint, there 
will always be one for which tlic direction of 
the ray in the image i?})ace i-- the same as that 
in the object space. The two points at which 



these segments, if projected, intersect the axis 
are called the nodal points, and the transverse 
planes through them are called the nodal 
jilanes. Only if n and n", the indices of re- 
fraction in the object and image spaces, are 
identical arc the noaal planes also the prin- 
cipal planes. C is the optical center of the 


lens. (2) For uses of this term in electromag- 
netics, acoustics and mathematics, see node(s). 

NODAL POINT KEYING. Keying a spark 
transmitter at an antenna node or minimum 
voltage point. 

NODAL SLIDE. Essentially a small optical 
bench on which a lens system may be mounted 
and which may be rotated about a vertical 
axis. Useful in the experimental determina- 
tion of the cardinal points of a compound lens. 

NODE(S). (1) The points, lines, or surfaces 
in a standing wave system (sec wave, stand- 
ing) where some chaiactcristic of the wave 
field has essentially zero amplitude. The ap- 
propriate modifier should be used with the 
vrord ^^node^' to signify the type that is in- 
tended (})ressure node, velocity node, etc). 
(See also loop.) (2) A terminal of any branch 
of a network, or a terminal common to two 
or more hraiiches of a network Tlio terms 
junction point, braneli point, and vertex may 
be used instead of node in this connotation. 
(3) A singular point on a curve luning the 
propcity that two branches of the curve, with 
distinct tangimts, pass through tlie point. 
Also called a crunode. 

NODE(S), PARTIAL. The points, lines, or 
surfaces in a standing w^avc system (soe wave, 
standing) wdiere some characteristic of the 
w^ave field has a minimum amplitude diffeiing 
from zero The appropriate modifier should 
be used with the words “partial node’’ to 
signify tlie type tliat is intended (pres^-urc 
partial node, velocity partial node, etc.). 

NODON VALVE. An electrolytic rectifier 

with a lead anode and an aluminum cathode. 
The eh'cliolytc is ammonium pliohyihate. 

NOISE. Any undesired sound. By extension, 
noise IS any unw^anted disturbance wuthin a 
useful frequency band, such as unclesired elec- 
tric waves in any transmission channel or 
device. Such disturbances, when produced by 
other services, arc called interference. 

NOISE, BACKGROUND. (1) Noise due to 
audible disturbances of periodic and/or ran- 
dom occurrence. (2) In receivers, the noise 
in absence of signal modulation on the carrier. 
(3) In recording and reproducing, background 
noise is the total system noise independent 
of whether or not a signal is present. The 
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signal should not be included as part of the 
noise. 

NOISE BEHIND THE SIGNAL. See noise, 
modulation. 

NOISE "CLICK.” See noise, impulse. 

NOISE, ELECTRICAL. Unwanted elec- 
trical energy, other than cross talk, present 
in a transmission system or in a measuring 
device. For the sources and nature of such 
noise, see noise, shot; noise, thermal. 

NOISE FACTOR (NOISE FIGURE). Of a 

linear system at a selected input frequency, 
the ratio of (1) the total noise power per unit 
bandwidth (at a corresponding output fre- 
quency) available at the output terminals, 
to (2) the portion thereof engendered at the 
input frequency by the input termination, 
who^e noise temperature is standard (200°K) 
at all frefjiKaieies For heterodyne systems 
there will he, in priiieii)le, more than one out- 
])ut fre(jU('ncy corresponding to a single input 
frequency, and viec' \ci'‘^a; for eacli ]>air of 
corresponding fr('qiu‘nci(‘s a noise factor is 
defined. The phrn^e, “available at the output 
terminals,^’ may be replaced by “(h'livcred 
by the system into an output termination,’^ 
without changing tlie sense of the definition. 

NOISE FACTOR (NOISE FIGURE), AVER- 
AGE. C)f a liiK'ar system, the r 'tio ot (1) the 
total noise ptuver delivered by tlie system into 
its output teiinination when the noise tem- 
perature of its input termination is sta^ lard 
(290'^K) at all trequencies b) (2) the portion 
thereof engendered by the input termination 
For heterodyne systems, iiorrion (2) includes 
only that noise from the input termination 
wdiich ap])ears in the out[)ut via the principal 
frequency transformation of the sy.stem and 
does not include spurious contributions ^ucJl 
as those from image-frcciueney transforma- 
tions. A quantitative relation between aver- 
age noise factor, F, spot noise factor, 
F(/),is 

F(f)G(f)df 


f 0{fW 

where / is the inpu+ frequency and (?(/) is 
the ratio of (a) the signal power delivered 
by the system into its output termination to 


(b) the corresponding signal power available 
from the input termination at the input fre- 
quency. For heterodyne systems, (a) com- 
prises only power ap])earing in the output via 
the jirineipal frequency transfonnation of the 
system; in other works, power viix image- 
frequency transformations is excluded. 

NOKE FACTOR (NOISE FIGURE) SPOT. 

A term used wdiere it is desired to emphasize 
that ihe noise factor is a point function of 
inimt frecpieney. 

NOISE FIGURE. See noise factor. 

NOISE FILTER. A filter inserted between 
the pow'^er source and eleel runic equipment to 
luvvent the entiy of unwanted freciueneies. 

NOISP:, FLICKER. A noise caused by ran- 
dom \;n-iations in the activity of emitting 
Ml) faces of cathodes in electron tubes The 
flick(T iioinc power varies as an inverse func- 
(ion of frequency. 

NOISE, GROUND. In recording and repro- 
ducing, the residual system noise in the ab- 
sc'iiec of the signal. It is usually caused by 
inhomogeneity in the n'cording and reproduc- 
ing media, but may also ineliide amplifier 
nois( hu(*h as tube noise or noise generated in 
r(‘Msti^e elements in the injmt of the repro- 
ducer amplifier system. 

NOISE, IMPULSE. Noise characterized by 

transient disturbances sejxirated in time by 
fjoif scent intrrvals. The frequency spectrum 
^•f (lie.se disturbances must be substantially 
uniform ovTr the useful pass band of the 
transmission system. 

NOISE LEVEL. The value of noise inte- 
gruicd over a specified frecpiency range with 
a specified frequency w'oighting and integra- 
tion time. It is expressed in decibels relative 
to a specified reference. 

NOISE LEVEL, AMPLITUDE-MODULA- 
TION. d’lie noise hwel produced by unde- 
sired amplitude variations of a radio-fre- 
quency signal in the absence of any intended 
modulation. 

NOISE LEVEL, CARRIER (RESIDUAL 
MODULATION). The noise level produced 
by uniK sired variations of a radio- frequency 
signal in the absence of any intended modula- 
tion. 
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NOISE LIMITER. A clipper circuit (see 
circuit, clipper) which tends to reduce the 
interference caused by impulse noise (see 
noise, impulse) by limiting the peak voltage 
excursion to a value only slightly greater than 
that of the signal. 

NOISE, MODULATION (NOISE BEHIND 
THE SIGNAL). The noise caused by the 
signal. The signal is not to be included as 
part of the noise. The term is usc'd wh(*re the 
noise level is a function of the strength of 
the signal. 

NOISE, “PARTITION.” In traveling- wave 
tubes and electron-wave tubc.s, the noise which 
arises from progressive capture of the elec- 
trons in the beam by the wav(*-guidirig device, 
whether it be a helix or some other type of 
structure. 

NOISE “POP.” See noise, impulse. 

NOISE POWER, AVAILABLE. Tlie maxi- 
mum noise })o\ver that may be drawn from a 
network by a load who.^e impedance is the 
complex conjugate of the imi)edance of the 
netw’ork itself. 

NOISE, RANDOM (OR FLUCTUATION). 
Noise characterized by a large number of 
overlapping transient disturi)ances occurring 
at random 

NOISE RATIO (NR). The ratio of the avail- 
able noise power (sec noise power, available) 
at the output of a transducer divided by the 
noise power at the input. 

NOISE REDUCTION. In photographic re- 
cording and rci)rodiicing, a proccsb whereby 
the average t rarismis.sion of the sound track 
of the lU'irit (averaged across the track) is 
decreased for signals of low level and increased 
for signals of high level. 

NOISE, RESISTANCE. Sec noi.se, thermal. 

NOISE SILENCER. See noise limiter. 

NOISE, SHOT. Noise n^sulting from the 
random nature of the omission and flow of 
electrons in electron tubes. 

NOISE SUPPRESSOR. A vacuum-tube cir- 
cuit designed to suppress undesirable noise in 
a radio receiver, 'suppressors are of two 
types, interchanncl noise suppressors and 
large signal ‘^oppressors. The first acts as an 
automatic volume control to cut off the audio 


amplifier when no carrier is being received. 
The second is a peak limiting circuit to sup- 
pre.ss all signals above a certain amplitude. 

NOISE SUPPRESSOR, DYNAMIC. Essen- 
tially a filter for an audio system whose band- 
pass is adjusted according to the signal level. 
At low levels where noise is particularly no- 
ticeable and, at the same time, sensitivity of 
the ear is decreased at either end of the hear- 
ing range, the filter action decreases both the 
high and low (or high only) frequency re- 
sponse of the system; at high levels all filter- 
ing action is removed. 

NOISE TEMPERATURE. At a pair of ter- 
minals and at a specific frequency, the tem- 
perature of a ])assive system having an avail- 
able noise ])ower ])(t unit bandwidth equal 
to that of the actual terminals. 

NOISE TEMPERATURE ( STANDARD) . 

The standard reference ic'mpc'raturc To for 
noise measurements is takc'u as 200 ({(Agrees 
K. kTo^e — 0 0250 volt, wtuMa* r is Hk* (’lec- 
Iron charge and k is tlie Bolt/munn constant. 

NOISE, THERMAL (JOHNSON I^OISE). 
The noise i)roduce(l by th(‘rmal agitation of 
charges in a conductor. Tlu* available thermal 
noise power produced in a n'sistnnce is inde- 
pendent of the resistance value, and is propor- 
tional to the absolute tempcratiin' and tlie 
frequency ])an(lwidth over which the noise is 
mea^urc'd, as indicated by the formula: 

= 1.38 X 10 

in which A/ is the available thermal noise 
pow'cr, T is the ttanperature of the resistance 
ill degrees Kelvin, and A/ is the bandwudth in 
cycles per s(‘Cond. 

NOISE VOLTAGE. Spontaneous fluctua- 
tions in voltage in a phy'-ical system, such 
as a semiconducting filament. 

NOISE, WHITE. Noise which contains com- 
ponents of all audible frequencies. 

NOMINAL LINE WIDTH. See line width, 
nominal. 

NOMOGRAPH. Also called an alignment 
chart or isopleth. It consists of twm or more 
graphical scales, drawn and arranged so that 
results of calculations may bo found quickly 
from the relation of points upon them. For 
example, three-scale charts of this type are 
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usually constructed so that in a relationship 
involving three variables, the value in one 
variable is determined by a given set of values 
of the other two and may be found by locating 
the given values of the two kno’tvn variables 
upon their proper scales, laying a r *112.11 1 - 
edge on the three scales, so that its edge cuts 
the two points, then the point at wliieh it cuts 
the third scale is the value sought. 

NON-ADIABATIC APPROXIMATION. See 
Tamm-DancofF method. 

NONCENTRAL FORCES, NUCLEAR. See 
nuclear forces. 

NON-CROSSING RULE. For an infinitely 
slow change of internuclear dibtance two elec- 
tronic* states of the same species (i.c., states 
with the same A and the same symmctiy proji- 
ertics) cannot cross each other. In other 
words, the potential energy curves of two 
electronic siat(\s cannot cross eacli other. 

NONDIRECTIONAL MICROPHONE. Sec 
microphone, omnidirectional. 

NON - EQUILIBRIUM THERMODYNAM- 
ICS. The study of the thermodynamic i(‘la- 
tions in open systems m the steady state, i.e , 
the time-invariant state, in which all macro- 
scoiiic (puiTititics remain unchanged, although 
dissiiialive processes may occur. AKo re- 
ferred to as ‘'thermodynamics of the steady 
state” and “irreversible thermo iyiiamies ” 

NONEX. A t3"pe of glass used where ultra- 
violet transmission characteristics are 1 .ipor- 
tant. 

NONION. S('c dyadic. 

NON-INDUCTIVE RESISTOR. A resistor 
constructed in such a manner that the induc- 
tive effects are roduciul to a minimum. 
construction is often rc(]nir('(l for higli-lie- 
quency work. 

NONLINEAR DISTORTION. Poe distor- 
tion, nonlinear. 

NONLINEAR NETWORK. See network, 
nonlinear. 

NONLINEARITY OF THE EAR. Wlien a 
pure tone of suitable intensity is impressed 
upon the ear, a series of harmonics or over- 
tones of the original frequency arc hoard. 
When two loud tones are sounded together, 
sum and difference frequencies are heard. 


NONLOCAL FIELD THEORY. See field 
theory, nonlocal. 

NONLOCALIZED MOLECULAR ORBIT- 
ALS. Molecular orbitals not localized be- 
tween two nuclei but spread over a larger part 
of a molecule, as aiound a benzene ring. 

NON-METAL. An clement which is not a 
metal. The distinction between metals and 
non-m(‘ials is not sharp; it is oftem safer to 
refer to a ^‘mctallH* structure,” or a “non- 
meiallic structure,” e.g., in the case of tin, 
vhieli may take either form. 

NONPLANAR NETWORK. See network, 
nonplanar. 

NON-RELATIVISTIC. Moving with rela- 
tive Velocity small cornpMred with that of 
light as, for example, the nucleons in a nucleus 
are non-relati\ustic. Any theoretical treat- 
ment of a dynamical systt’in in which nda- 
tivistic effects arc ignorc'd. 

NON - RELATIVISTIC QUANTUM ME- 
CHANICS. See quantum mechanics (non- 
relalivislic), 

NONSELF-MAINTAINING DISCHARGE. 
S(*e Townsend di.schargc. 

NON - SPECULAR REFLECTION IN 
ACOUSTICS. Th(' reflection from rough sur- 
face's, which ])roduce diffraction and scatter- 
ing of sound waves. 

NONSTORAGE CAMERA TUBE. A camera 
tube whos(' ()ut])u( i- pn)})ortional to the in- 
stantaneous light v.ilue being received by a 
basic picture element of the mosiac at the 
time of scanning. 

NORDSTROM THEORY OF GRAVITA- 
TION. Hh'ory in whicli the gravitationa' 
potentials form a four-vector which can be 
adjoined to the elec't romagnetic field strengths 
(o form a th('ory bused on five dimensions. 
Fails to describe correctly the rotation of the 
perihelion of Mercury. 

NORM. See normalization. 

NORMAL. ( 1 ) A piT])endicular to a line. 
In a plane, >ts slope equals the negative recip- 
rocal of the slope' of the given line, in space, 
tlie gi^on line has direction cosines L, Af, N 
and its nonnal has the direction cosines X, v 
so that \L d- fiM vN = 0. (2) The normal 
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to a curv'c or to a surface is the line perpen- 
dicular to the tangent line or plane at any 
specified point. (3) A partial differential 
equation is in normal form when written in 
tenns of parameters for its characteristic 
curves, (4) Sec also matrix, normal. (5) A 
normal derivative (see derivative, direc- 
tional) . 

f 

NORMAL GLOW. Sec glow potential. 

NORMAL INDUCTION. Tlio limiting in- 
duction in a material which is in a symmetri- 
cally, cyclically-magnetized condition. 

NORMAL MAGNIFICATION. Tn telescopes 
and microscopes tlic eye is usually placed at 
the exit pupil of the sy.^tem, and if the full 
brightness of the object is to be represented 
in the image, the exit pu})il must be of such 
size as just to fill the ])iii)il of the eye. The 
particular magnification which just meets this 
condition is called normal. 

NORMAL MODE OF VIBRATION. See 
vibration, normal mode of. 

NORMAL PRESSURE. The standard pres- 
sure to which measurements of volume, e.sj)e- 
cially of gases, and othcT experimental work 
which may vary with j^ressure changes, are 
usually ri‘f erred II is the pressure of a 
column of mercury 700 millimeters high at 
soa-levcl at a latitude of 45®. 

NORMAL REACTION (LE., NORMAL TO 
PATH). Th(* reactive thrust with which a 
constraining surface acts on a contacting ob- 
ject which in turn is su))ject to a force with a 
component pcriiondicular to the surface. If 
there is no triction between the surface and 
the object, the reactive thrust perpendicular 
or normal to the surface. An exam])le is an 
object moving on a friclionless inclined [)lane. 
The normal reaction is [)ci-f)ciidicular to the 
plane and has the magnitude W cos 0 ^^here 
W — weight of object and 0 — angle of jilane. 
The presence of friction introduc(‘s a com- 
ponent of force' i)arallel to the surface. 

NORMAL STATE. In nuclear ])hysics, a 
term sometimes used for ground state. 

NORMALIZATION. (1 ) The process of nor- 
malizing a function. If fix) is real and de- 
fined for a^x^i the norm of / is 



Then if a new function 

m =/(a-)/v:^ 

is defined, it follows that 



and fix) is said to be normalized. The pro- 
cedure IS readily generalized to include com- 
plex functions. (See also orthonormal.) (2) 
Tn quantum mechanics, it is convenient to 
normalize tlie integral of a wave function so 
that the i)('ak of the lunclion will have some 
desired value. The conventional time-inde- 
pendent wave equation for tlic hydrogen atom 
is nonnalized so that 

J \fnl/*dT = 1 , 

i.e., the electron should be somewhere in space. 

NORMAITZATION FACTOR. The quantity 
1/VA (/) recpiired to normalize fix). (See 
norinali/ation.) 

NORMALIZED ADMITTANCE. Sec admit- 
tance, normalized. 

NORMALIZED PLATEAU SLOPE. The 

slope of the substantially-sti aight portion of 
the counting rate versus voltage charact(*ristic 
(li\ided l)y the ratio of the coiiiiting rate to 
the voltage at the Geiger-Mucller threshold. 

NOTCHING FILTER. (DA filter employed 
in a teh'vision transmitter to provide attenua- 
tion at the low-frequency edge of the channel 
to prevent ])ossiblc interference with tlie sound 
channel of the lower adjacent channel. (2) 
Any band-rejection filter which produces a 
sharj) ‘‘notch” in the transb'r cliaracteristic 
of a system. 

NOTE. A conventional sign used to indicate 
the pitch, or the duration, or both, of a tone 
sensation. It is also the sensation itself or 
the vibration causing the sensation. The word 
serves wh(*n no distinction is desired between 
the symbol, the sensation, and the physical 
stimulus. 

NOVAIi. The basing arrangement for a nine- 
pin, minialure, glass vacuum-tube. The tube 
})ins ext('nd directly through the glass en- 
velope. 
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Nth HARMONIC. The harmonic of fre- 
quency N times that of the fundamental com- 
ponent. 

NTSC. Abbreviation for National Television 
System Committee. 

NU. (1) Poisson ratio (v, but /x is preferred). 
(2) Frequency in optics and atomic ]ihysios 
(v). (3) Reciprocal of disi)ersive power (v). 

(4) Wave number {p, but o- is fireferred). (5) 
Reluctivity (reciprocal permeability) (id, re- 
luctivity of free space (ro). (b) Coefficient of 
kinematic viscosity (r). (7) Neutrino (v) 

NU-VALUE. See dispersive power (2). 

NUCI^EAR BREEDER. A nuclear reactor 
in which more fissionable material is formed 
in each (ijeneration than is used up in fission. 

NUCLEAR CHARGE. The positive charge 
on the atomic nucleus due to the protons it 
contains The sum of the changes of the 
jirotoiis in a niicltMis, eciual to -\-Ze. 

NUCLEAR DISINTEGRATION. See dis- 
intc\i;ration, nuclear. 

NUCLEAR EMULSION. A type of plioto- 
t>raphic emulsion, u^ed to rejziister the track 
oi *1 charged paiticle as a series of daik i;rairis, 
\isible on microscojuc examination. Various 
nuclear emulsions arc available fo^ detection 
of different paiiicles; tliey are thicker and 
more concentrated than ordinary jiliolo^iaiihic 
emulsion^, and are often snpjioited on a ^las^ 
sheet, called a nuclear plate 

NUCLEAR ENERGY, i^hier^y released in 
nuclear reactions. (Sec disintegration energy, 
nuclear.) 

NUCLEAR ENERGY LEVELS. Differ s 
in the energy of atomic nuclei. As in the 
case of atoms, nuclei can assume only a dis- 
crete number of energy levels. 

NUCLEAR EQUATION. An equation show- 
ing the changes in eomposilion, usually in 
terms of mass number and charge only, of an 
atomic nucleus during a nuclear reaction. 
The equation shows any particles captured, 
or radiations absorbed by the nucleus, and 
also the particles or radiations emitted. See 
nuclear reaction for examples 

NUCLEAR FISSION. See fission, nuclear. 


NUCLEAR FORCES. Nonelectromagnctic 
forces between and peculiar to nucleons. 
Sometimes called specifically nuclear forces 
to emphasize that they do not include elec- 
trostatic and magnetic forces, even though 
the latter arc operative in nuclei. Nuclear 
force*^) arc of short range, are predominantly 
attractive, and are nearly, if not completely, 
chai^c-independcnl ; that is, the neutron-neu- 
tron, neutron-proton, and proton-proton spe- 
cifically nuclear interactions are almost iden- 
tical in character. The meson theory of nu- 
cU'ar forces, duo originally to Yukawa, pos- 
tulates the existence of a particle*, now called 
a meson, the exchange of which between two 
nu**]eons is responsible for the force between 
them. The^e mesons may be positive, nega- 
ti\e or neutral, and a^e presumed to he iden- 
tical with TT-niesons. 

In jdienon enological treatments of nuclear 
forces, it is usually assumed that the forces 
act lietiveen pairs of nucleons (the force be- 
tween anA^ pair being independent of (he pres- 
ence of otlicr nucleons) and that they arc de- 
rivable from (can be written as the gradient 
of) a \elocitv-iiul(*[)en(lent potential func- 
tion The nuclear force may be a central 
force, beuig a siiiij)le attraction or repulsion 
directed along the line joining the pair, or it 
maA" he a iioncentral, or tensor, force whose 
(liTcclioii depends in part on the spin orient a- 
lion ol the nucleons It may also be an ordi- 
nal v, or Wigner force, or an exoliange force 
of tlie Majorana, Bartlett, or Heisenberg tA’^pe. 

NUCLEAR FUEL. The fissionable material 
used in a nuclear reactor. 

NUCLEAR INDUCTION. Magnetic induc- 
tion in material samples (which may be solid, 
liquid or gaseous) that has its origin in the 
magnetic moments of the constituent nuclei 
This effect is due to the unequal population of 
energy states available when the material is 
placed in a magnetic field. Nuclear induc- 
tion is usually weak, but may be readily ob- 
served in the Bloch type of experiment de- 
jiending upon the occurrence of nuclear mag^ 
netic resonance. 

NUCLEAR ISOBAR. See isobar, nuclear. 

NUCLEAR ISOMER. See isomer, nuclear* 

NUCLEAR ISOMERISM. See isomerkm, 
nuclear. 
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NUCLEAR MAGNETIC ALIGNMENT. 

Evidence of nuclear alignment has been ob- 
tained by stiulying radioactive emanations 
from atoms such as and Co'*** in very 

low temperature ranges (0 01-0 0r)®K) . Ra- 
dioactive particles are emitted with a pre- 
ferred direction in space which is determined 
by alignment of the nuclear magnetic mo- 
ment. Studies have already led to some in- 
formation about the excited state of the ra- 
dioactive nucleus. Evidence for nuclear mag- 
netic polarization has been olitained by pref- 
erential scattering of neutron beams. 

NUCLEAR MAGNETIC MOMENT. An 

electrically-charged particle possessing angu- 
lar momentum will act like a small magnet 
and thus possess a magnetic moment of order 
eh/iTTinCy where e is the charge in esu, h is the 
Planck constant, ni is the mass of the par- 
ticle, c is the velocity of light 

NUCLEAR MAGNETIC MOMENTS, DE- 
TERMINATION BY RABI METHOD. See 
Rabi method. 

NUCLEAR MAGNETIC RESONANCE. The 

resonance phenomenon int't with in energy 
transfer between a radiofre(|U('ncy alternat- 
ing magnetic field and a nucleus placed in a 
constant magnetic field // that is sufTiciently 
strong to decouple the nuclear '-jiin from the 
influence of the atomic electrons. Resonance 
is encountered when o) — (jh, where cd is the 
angular frequency of the alternating field, g 
the nuclear gyromagnetic ratio, and h is tlu' 
Planck constant. Transitions can then be in- 
duced between the various possible substates 
corresponding to difTcrent quantized orienta- 
tions of the nuclear spin relative to the di- 
rection of II , The phenonumon has found ap- 
plication in connection with mea.su romonts of 
g both by molecular beams and by the use of 
macroscopic samples of solids or liquids. In 
the latter case, w is commonly held constant, 
and H is varied back and forth through the 
resonance value for the sake of convenience in 
producing a display upon an oscilloscope, 
(See nuclear induction.) 

NUCLEAR MAGNETON. The nuclear Bohr 
magneton. (See Bohr magneton, definition 
( 2 ).) 

NUCLEAR NUMBER. The same as mass 
number. 


NUCLEAR PARAMAGNETISM. Paramag- 
netism associated with nuclear magnetic mo- 
ments. The susceptibility of solid hydrogen 
(which is diamagnetic with respect to elec- 
trons but paramagnetic with respect to jiro- 
tons) has been measured at very low tem- 
peratures and found to be consistcuit with the 
known magnitude of the proton magnetic 
moment. 

NUCLEAR PARTICLE. A particle believed 
to exist as such in the nucleus of atoms or of 
ccHain atoms. (See nuclear structure.) 

NUCLEAR PLATE. See nuclear emulsion. 

NUCLEAR POLARIZATION. Alignment of 
the spin magnetic moments of atomic nuclei 
in the same direction, giving a net macro- 
scopic magnetic moment. 

NUCLEAR POTENTIAL. See potential, 
nuclear. 

NUCLEAR POTENTIAL ENERGY. See 
potential energy, nuclear. 

NUCLEAR POWER. Economically useful 
power released in exothermic nuclear reac- 
tions. (See reactor, nuclear.) 

NUCLEAR, RADIUS. The radius 7? of a 
spherieal volume within which the density of 
nucleons in a nucleus is effectively large. Ir 
i^^ not a [in'cisely determmal^le quantity. Tlie- 
ory indicates that the density of nucleons 
tapers off gradually at the edge of the nuclear 
volume and that this volume is somewhat cc- 
(•(‘iitric. Each type' of cxjierinu'iit serving to 
iletermine the radius of a nucleus yields a 
slightly different value Thus, it is sometimes 
ne'eo'-sary to specify the neutron collision ra- 
dius, determined by fast neutron transmission 
e\p('riments; the Coulomb, or Camow, bar- 
rier radius, tleduced from the rate of a-disin- 
tegration or from cross sections of nuclear re- 
actions involving charged jiarticles; the elec- 
trostatic radius, deduced from an analysis of 
nuclear binding energies, especially of mir- 
ror nuclides. The radius parameter Tq is the 
effective radius of a nucleus divided by the 
culio root of its mass number A. All experi- 
ments yield approximately the same value of 
n, for all nuclei, thus indicating that nuclei 
have about the same density. The most pre- 
cise value is given by experiments with elec- 
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iron scattering and /n-mesonic atoms. Thus 
the formula 

R = = 1.2 X cm 

is quite good for calculating the radius of 
any nucleus. 

NUCLEAR REACTION. An induced nu- 
clear disintegration, that is, a process occur- 
ring when a nucleus interacts with a photon, 
elementary particle, or another nucleus. In 
many cases the reaction can he represented 
by a symbolic equal ion similar to the follow- 
ing: 

+ ,,Hc" -> + iH' 

or in the form: 

^N" + « + p 

or in the form: 

NUCLEAR REACTION, REACTION EN- 
ERGY OF. The enert^y either ahsoi-bed or 
( initted in a nuclear reaction. 

NUCLEAR REACTION, RESONANCE 
CONCEPT OF. Nuclei exist in discrt'tely 
j- paced (‘iiergy h'vels, whieh may be observed 
Ihroiigli the incn'asc in read ion cross sec- 
tions at the energies corresponding to the 
levels. 

NUCLEAR REACTION, THRESHOLD EN- 
ERGY OF. Certain reactions are energeti- 
cally impossible unh'ss the boml)arding par- 
ticle has a certain minimum energy, known 
as the threshold energ>\ For exam])le, the 
(y,??) reaction cannot take place unless the 
bombarding photon has an energy equal to or 
greater than the binding energy of the neu- 
tron. 

NUCLEAR REACTOR. See reactor, nu- 
clear and succeeding tenns for all reactor 
definitions. 

NUCLEAR SPIN. See spin, nuclear, 

NUCLEAR SPIN EFFECT. See discussion 
under spectrum, hyperfine. 

NUCLEI, EQUIVALENT. See equivalent 
nuclei. 

NUCLEOGENESIS. Formation of nuclei in 
nature on a large scale. 


NUCLEON. A constituent particle of the 
nucleus of the atom. 

NUCLEONICS. The applications of nuclear 
science in physics, chemistry, biology and 
otlier sciences, including military science, and 
in industiy, and tlie techniques associated 
with these applications. 

NUCLEUS. The interior or cenlral part, or 
the kernel. The term nucleus is widely used 
m soienee, as the nucleus of a cell, the nu- 
cleus of an atom or the nucleus of a molecule. 
The nucleus of an atom is the positively- 
charged core, with wdiich is associated prac- 
tically the entire m:i>s of the atom, but only 
a minute part of its volume. Tlic nucleus of 
a molecule is a grou]) of atoms connected by 
valence bonds so tha^ the atoms and their 
bunds form a ring or closed striictun*, which 
persists as a unit through a series of chemical 
changes. 

NUCLEUS, COMPOUND. An excited nu- 
ch'iis constituting an inicrmediate stage in an 
induced nuclear reaction (sec reaction, nu- 
edear), and having a long lifetime compared 
with the normal tran‘-it times of nuclear par- 
ticles acro'^s (he nuehais (about 10'“^ 
as a result of (he '^haring of tlie excitation 
(n(*rgy among the eoiistituent nucleons. 

NUCLEUS, INDEPENDENT PARTICLE 
MODEL OF. modei of the nucleus based 
on the poslulnte that eacli nucleon moves in- 
ch pendentlv in a field eorrcspontling to +he 
average.' positions of all the other nucleons. 
When applied wdth the Pauli exclusion prin- 
ciple and the ^o^tu^ated existence of strong 
spin-orbil coupling, this mode*! has explained 
quite successfullv many empirical features of 
uucloi, sucli as nuclear moments, magic num- 
bers, shell structure, etc. 

NUCLEUS, LIQUID-DROP MODEL OF. 

A model of the atomic nucleus in which it is 
imagined to hc'have much like a drop of liq- 
uid. The nucleons within the drop arc con- 
sidered to be distributed uniformly, and to 
he in a state of constant motion similar to 
the thermal motion of the molecules in a 
liquid. Eacli nucleon in the interior has 
about the same binding energy analogous to 
heat of condensation. Furthermore the nu- 
cleons near the surface are loss strongly 
bound, analogous to the effect of surface ten- 
sion. When a nucleus is highly excited, as 
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by a collision, the additional energy is dis- 
tributed rapidly among all the nucleons, the 
effect being similar to a rise in temperature. 
Particles can leave the nuclear surface only 
relatively slowly, becauKC escape depends 
upon an accidental concentration of energy in 
one particle. Thus the spallation reaction re- 
sembles the evaporation of a liquid. Other 
assumptions are that the nucleus may vibrate 
as a whole; and that the effect of an electric 
charge is similar to tliat on a liquid dro]). 
The liquid-drop moilel makes possible a fairly 
good cxi)lanation of nuclear fission. 

NUCLEUS, RECOIL. An atomic nucleus 
that recoils, because (1) of a collision with a 
nuclear particle, or (2) of the emission of a 
particle from it. 

NUCLEUS, RESIDUAL. The hoaiy nucleus 
v/hich is the end product of transformation. 
For example, in the reaction 

the is tlie residual nucleus. 

NUCLIDE. A species of atom dislii^gnishcd 
by the constitution of its nucleus. Tlic nu- 
clear constitution is spc'cifn'd by the number 
of protons Z, number of neutrons V, and en- 
ergy content; or, altc'rnalively, by the atomic* 
number Z, mass number A \ = N + Z]^ and 
atomic mass. To be regarded as a distinct 
nuclide, the atom must be capalile of existing 
for a measurable time; thus nuclear isomers 
are separate nuelides, whereas jiromptly-de- 
caying excited nuclear states and unstable in- 
termediates in nuclear reactions are not so 
considered. 

NULL. Zero, or wdtiiout action; or, in the 
case of an instrument, without giving a read- 
ing. 

NULL CONE. See light-cone. 

NULL ELECTRODE. See electrode, null. 

NULL-GEODESIC. Curve drawn in space- 
time such that the infinitesimal intiTval be- 
tween tw^o neighboring points on the curve 
vanishes. This rejiresents a fiossible space- 
time path of a light ray. 

NULL LINE. Sec h ortrat parabola. 

NULL-LINE GAP. See Fortrat parabola. 


NULL METHOD OF MEASUREMENT. 

Any method of measurement in which adjust- 
ments of the apparatus are made until a 
detecter (2) sho\vs no indication of a signal. 
Such methods are often more accurate than 
are deflection mcdhod.s in w’hicli instrument 
calibration errors may be serious. Bridge and 
potentiometer mi'asurements arc examples. 

NULL VECTOR. A vector Afi of zero length 
“ 0). In special relativity tlicory the 
displaccincnt between two events on the path 
of a pilot on is a null vector. 

NULLITY (DEGREES OF FREEDOM ON 
MESH BASIS). The number of independent 
meshes that can be selected in a network. 
The nullity N is equal to the number of 
branches /?, minus the number of nodes V, 
plus the number of separate parts P. AT = 
B -V + P. 

NUMBER. (1) The symbols used for connl- 
iiig and in arithmetic, or (lie abstract mathe- 
matical entities they represent NiiinlxTS are 
fuither ilcscribed as being prime, integral, 
fractional, irrational. In algi'bra other 
branches of niathematies, letters are oft(*n 
n^ed for numbers. Algebraic numbers satisfy 
a polynomial equation in one variable wdth 
inb'gral^^ eoeffieients. Transcendental num- 
bers aic not algebraic. Tvno familiar ones of 
this kind arc c rz 2.7182S- • • and tt 3.14159 
• • • Other Iranscendental numliers are known 
by the names of mathematicians wdio studied 
them: Bernoulli, Stirling numbers, etc. Com- 
plex numbers are values of tlic complex 
variable, (2) A sequence of inilses. (3) In 
a digital machine, a w'ord comjioscd only of 
digit.s and f)ossibly a sign. 

NUMBER, PRIME. An integer with no in- 
tegral factors other than itself or unity. The 
first few prime numbers are 1, 2, 3, 5, 7, 11, 
13, 17, 19, 23, 

NUMERICAL APERTURE. (Sec Abbe sine 
condition.) The quantity n sin 0, that is, 
the product of the index of refraction of the 
object medium (generally air) multiplied by 
the sine of the slope angle of the outermost 
ray from an axial point on the object. 

NUMERICAL DIFFERENTIATION. A 

method for calc\ilating the numerical value of 
the derivative of a function at a given point 
(3Jo)l/o)- Graphical or mechanical processes 
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may be used, but more commonly the func- 
tion is approximated with an interpolation 
formula which is then differentiated by the 
rules of calculus. 

NUMERICAL INTEGRATION. Evaluation 
of a definite integral from pairs of numerical 
values of the integrand. Graphical or me- 
chanical methods may be used but more fre- 
quently the integrand is ajiproxiraatcd by an 
interpolation formula which is then integrated 
term by Icrrn. Special cases are the trape- 
zoidal rule, the Simpson rule, the Weddle 
rule, the Gauss formula, the Euler-MacLaurin 
formula. (See also quadratiue and cuba- 
ture.) 

NUMERICAL SOLUTION OF ALGE- 
BRAIC AND TRANSCENDENTAL EQUA- 
TIONS. A process for finding I lie roots, real 
or complex, of such (‘quations. Graphical pro- 
cedures arc used if low accuracy is siifficiont. 
More exact itudhods include Horners, New- 
ton’s, regula falsi, iteration, Graeffe’s. Some 
of them may be gcneraliz(‘d for simullaneous 
equations in several unknowns, 

NUMERICAL SOLUTION OF DIFFEREN- 
TIAL EQUATIONS. A proeedure for finding 
pnir.s of variables which satisfv a given dif- 
ferential equal ion together wuth given initial 
conditions. There ari‘ gra])hieal and me- 
chanical means as well as analytical metliods. 
!Many variations in the latter methods luivc 
been yiropo'^ed })iit they may usually be classi- 
fied as: (1) Methods of suceeshive apfiroxi- 
nialions or iteration (see Euler method) by 
means of polynomials or integral equations 
(sec Picard method). (2) Expansions in a 


Taylor series. (3) Runge-Kutta method. (4) 
Milne method. 

NUSSELT NUMBER. The non-dimensional 
parameter, defined as 


where Q is the heat loss from a solid body, 
AT is the difference of temperature between 
the body and its surroundings, d is the scale 
size of the body, k the thermal conductivity 
of the surrounding fluid. The Nusselt num- 
ber is useful in the reduction of measurements 
of free and forced convective loss of heat 
either from the same body in different con- 
ditions or from different bodies of geometri- 
cally-similar shapes. 

NUTATION. In the case of a spinning top 
or gyroscope, the inclination of the top’s axis 
to the vertical ^\ill vary ])criodically between 
eortaiu limiting angles. This motion is called 
nutation. In general a spinning top or gyro- 
scojie experiences both nutation and preces- 
sion. 

NYQUIST INTERVAL. See Nyquist rate. 

NYQUIST RATE, SIGNALING. In trans- 
mission, if the essential frccjucncy range is 
limit od to B eyries jier second, 2B is the maxi- 
mum number of code eh'ments per second that 
can be unambiguously resolved, assuming the 
peak interference is less than half a quantum 
stop. This rate is generally referred to as 
signaling at the Nyquist rate, and 1/2B is 
called the Nyquist interval. 


o 


O-ELECTRON. An electron having an orbit 
of such dimensions that the electron consti- 
tutes part of the fifth shell of electrons sur- 
rounding the atomic nucleus, counting out 
from the nucleus (i.e., the K-sliell is the first, 
the L-, the second, the M-, the third, the N-, 
the fourth, and the 0-shell, the fifth). 

O NETWORK. A network consisting of four 
branches connected in seri(\s to form a mesh, 
lire four junction points forming pairs of 
injnit or output terminals. 

O-P PROCESS. See Oppenhcimer-Phillips 
process. 

O-SHELL. The collections of electrons char- 
acterized by the quantum number 5. The 
O-shell starts with the element rubidium 
(atomic number =■ 37), which has one elec- 
tron in its O-shell, and the O-shell is finally 
completed (containing 18 electrons) with the 
element mercury (atomic number — 80). 
During the progression from rubidium to mer- 
cury, the difference between elements of con- 
secutive atomic numbers is frequently not in 
the O-shell, but in an electron increment in 
the N-shell, or in the P-shell. 

O WAVE. See ordinary-wave component. 

OBJECT POINT. T he real or virtual point 
of intersection of a ja'iicil of rays inciilcnt 
upon an oi)tical system. 

OBJECT, REAL. In geometrical optics, an 
object is called “real’^ if from each point of 
it, light diverges towards the optical system. 
(Sec object, virtual.) The first object (O) in 
that diagram is “real.” 

OBJECT, VIRTUAL. An example of a vir- 
tual object is gi\en below. The image /i 



which would have been formed by lens Lx 
had not lens L2 been interposed acts as a vir- 
tual object for lens L 2 . 

OBJECTIVE LENS. Commonly that lens of 
a system which is toward the object. 

OBJECTIVE, OIL-IMMERSION. In order 
to reduce reflection losses, and also to in- 
crease the index of refraction of the object 
space, some high-power microscope objeclive 
lenses are designed to have the space between 
the objective lens and the object filled with an 
oil which has an inde> of refraction the same 
as that of the cover glass over the object, 
and of the objective lens. 

OBJECTIVE PRISM. A large prism i)Iaced 
before the objective lens of a telescope in or- 
der to produce spectral images of stars on a 
photographic plate in its focal plane. 

OBLATE. Flattened or depressed at the 
poles. 

OBLATE SPHEROIDAL COORDINATES. 

The coordinate surfaces arc families oT oblate 
ellipsoids of revolution around the Z-axi^ 
with semi-axes a - c\/ \ ~+ b — c$ {$ = 
const.) ; hyperboloids of revolution of oik* 
sheet wuth a = rV 1 — 7/“, h = Crj (rj - const.) 
and planes from the Z-axis ((/> -- const.). The 
following additional relations hold: 

0<f<oo; ~1<77<1; 0 < <#> < 27r 

X = cV(l + cos 0 



OBLIQUE-INCIDENCE TRANSMISSION. 

The name sometimes applied to radio waves 
received via reflections from the ionosphere. 


OBLIQUITY FACTOR. While in the wave 
theory of Huygens (see Huygens principle), 
each point on a wave front is a center from 
which new spherical waves emerge, the am- 
plitude of these secondary waves is not the 
same in all directions, being reduced by an 
624 
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obliquity factor proportional to 1 + cos 6 
where 6 is the angle between the original wave 
front and the wave front of a secondary wave- 
let. 

OCCLUDED FRONT. See occlusion. 

OCCLUSION. (1) A condition of uniform 
molecular adhesion between a precipitate and 
a soluble substance, or between a gas and a 
metal, of such a nature that it is very difTi- 
cult to separate the occluded substance by 
w’aahirig or other simjile mechanical process. 
Occlusion in precipitates depends upon the 
distribution of a substance between solvent 
and solid and ia probably due to adsorption. 
Another tyi^e of occlusion is that of hydrogen 
by palladium, which was studied by (Traliam. 
(2) In meteorology, wlu'n one front overtak(‘s 
another, forcing one of the fronts upward from 
the surface of the earth, that front is said 
to bo an occluded front, and the zone in wliich 
this condition exists is called the ocadiiMon. 

OCTAL BASE. An eight-pin tube-base 
(some pins may h(‘ omitted if unused) with a 
center aligning key. 

OCTALUX BASE. Another name for the 
loctal base. 

OCTAVE. The interval between two sounds 
having a basic frequency ratio of two. By 
extension, the octave is the interval lietween 
any two frequencies having the ratio 2:1. 
The inter\^al, in octaves, between any two 
fre(|uencies is the logarithm to the base two 
(3.322 times the logarithm to the base 10) 
of the frefiucncy ratio. 

OCTAVE ANALYZER. A filter in which the 
upper cut-off frequency is twice the lower cut- 
off fretiuency. 

OCTAVE BAND PRESSURE LEVEL (OC- 
TAVE PRESSURE LEVEL). Of a sound, tlie 
band pressure level for a frequency band cor- 
responding to a specified octave The loca- 
tion of an octave-band jiressure lev(‘l on a fre- 
quency scale is usually specified as the geo- 
metric mean of the upper and lower frequen- 
cies of the octave. 

OCTAVES, LAW OF. Newland’s name for 
his hypothesis of the periodic system. His 
arrangement was a simple grouping of the 
elements in order of increasing atomic weight, 
beginning with lithium, in horizontal rows of 


eight elements each, beginning each new row 
directly beneath the previous one. 

OCTET, ELECTRON. A group of eight 
valence electrons which constitutes the most 
stable configuration of the outermost, or va- 
lency, electron-shell of the atom, and hence 
the form which frequently results from elec- 
tron transfer or sharing between two atoms in 
the course of a chemical reaction. 

OCTODE. An eight-electrode electron tube 
containing an anode, a cathode, a control elec- 
trode, and five additional electrodes that are 
ordinarily grids. 

OCULAR. A lens through w’hich anything is 
viewed, commonly the lens or lens system in 
an optical instrument in the end through 
which the imago is viewed by the eye. 

OCULAR, NEGATIVE. See Huygens eye- 
piece. 

ODD-EVEN NUCLEI. Nuclei which con- 
tain an odd number of protons and an even 
number of m'utrons 

ODD-EVEN RULE OF NUCLEAR STA- 
BILITY. The nde, based on the number of 
stable nuclides, that nuclides with even num- 
bers of both protons and neutrons are most 
stable; those with an even number of protons 
and an odd number of neutrons, or vice-versa, 
are somewhat less stable; w'hilc those with odd 
numbers of both protons and neutrons are 
least stable. 

ODD MOLECULES. A few, unusual mole- 
cules that have an odd number of valence 
elect ronh. 

ODD-ODD NUCLEI. Nuclei which contain 
an odd number of protons and an odd num- 
ber of neutrons. 

ODD TERM OF ATOM, A term for which 
summed over all the electrons of the atom, 
IS odd. The eigenfunctions of odd tenns are 
changed in sign by reflection of all particles 
at the origin. 

In V ork on atomic spectra the odd terms 
are distinguished from the even ones by a 
superscript o (c.g., while in work on mo- 
lecular spectra, the subscripts g and u are 
used for even and odd terms, respectively 
(e.g., 2p^). 
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OERSTED. A unit of magnetic field strength 

in the emu system. The magnetic field pro- 
duced at the center of a plane circular coil of 
one turn, and of radius one centimeter, wliich 
carries a current of (V^tt) abampercs. 

OERSTED EXPERIMENT. See electro- 
magnetism. 

t 

OFF-AXIS PARABOLIC MIRROR. A mir- 
ror in the shape of a paraboloid of revolution 
will reflect a parallel beam to a single focus 
within the incident beam, if the beam is paral- 
lel to the axis of the paraboloid. In order 
to reflect a beam to a point off of the original 



beam, a part only of a paraboloidal mirror is 
used. Such a jxirt is therefore known as an 
off-axis parabolic mirror. It is commonly 
manufaetur(*d by cutting it from the larger 
total paraboloid, because of the difficulty of 
making small, paraboloidal sections. 

OFFENSE AGAINST THE SINE CONDI- 
TION. Abbreviated to OSC. A quantity in- 
troduced into lens design by A. E C'onrady in 
order to have a numerical measure of coma, 
and defined as the ratio of the sagittal coma 
to the distance of the image point from the 
optical axis. (See Conrady, Applied Optics 
and Optical Design.) 

OHM. A unit of electrical resistance, sym- 
bol, n. (1) The absolute ohm is defined as 
the resistance of a conductor which carries a 
steady current of one absolute ampere when 
a steady potential difference of one absolute 
volt is impressed across its terminals. This 
IS equivalent to the statement that the con- 
ductor dissipates heat at the rate of one watt 
when it carries a steady current of one abso- 
lute ampere. The absolute ohm hao been the 
legal standard of re istance since 1950. (2) 

The International ohir , the legal standard be- 
fore 1950, is (he resistance offered to a steady 
electric curreut by a column of mercury of 


14.4521 gin mass, constant cross-sectional 
area, and a length of 106.300 cm, at 0°C, 

1 Int. ohm = 1.000495 abs. ohm. 

OHM, ACOUSTICAL. See acoustical ohm. 

OHM LAW. This very familiar law of elec- 
tric conduction, stated by George Simon Ohm 
in 1827, is expressible in various forms, of 
which the following is typical: The steady 
electric current in a metallic circuit is propor- 
tional to the constant total electromotive force 
operating in the circuit: I — KE. The con- 
stant Kj known as the ^^conductance” of the 
circuit, IS the reciprocal of the resistance R] 
so that the equation may be written in the 
more usual form 



Emphasis must be placed on the constancy of 
the electromotive force and the current. For, 
if the current varies, the effects of inductance 
and capacitance set up extra electromotive 
forces, positive or negative, which render the 
law exjiressible in general only by a (tifferen- 
tial equation. (See transients, alternating 
currents, and electric circuits.) Also there 
are certain kinds of conduction for which the 
law is not valid; noUibly that of ionized 
gases, thermionic vacuum tubes and photo- 
electric cells. 

OHM, MECHANICAL. By analogy with the 
concept of electrical imjiedance, the complex 
ratio of the force acting in a mechanical sys- 
tem to the velocity is often termed the me- 
chanical impedance and is mea'^nred in me- 
chanical ohms. In the egs system, the me- 
chanical ohm is equal to 1 dyne per cm/sec, 
and has the dimensions of gm/sec. (Sec also 
acoustic units.) 

OHMIC CONTACT. A contact between two 
materials, possessing the property that the 
potential difference across it is proportional 
to the current passing through. 

OHMMETERS. The accurate measurement 
of resistance is somewhat tedious, and various 
instruments have been devised to make di- 
rect readings in ohms. For example, one may 
send a current from a source of known elec- 
tromotive force E and knowm internal resist- 
ance Ri through an unknown resistance Ra,, a 
voltmeter being placed across the terminals 
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to register the resulting potential drop V, 
From these the resistance can be calculated; 
for 


V = 


Ri + Rx 


E. 


from which 


Rx^ 


VR^ 
E - V 


Obviously, for a given, fixed electromotive 
force, the voltmeter scale might be graduated 
directly in ohms. But the reliability of such 
an instrument reciuires a strictly constant 
electromotive force. The more approved 
types of ohmmeter use the slide-wire bridge 
principle, with the slide-wire scale graduated 
in ohms. These instruments, though accu- 
ral e, are nece^^sarily somewhat restricted in 
range. A form of high-resistance ohmmeter, 
designed by Fvershed, is graduated in meg- 
ohnis and is known commercially as a ''meg- 
ger.” This is a ty])C of differential, moving- 
coil galvanometer, in wdiich part of tin* coil 
is in series with the unknown resistance, 
wliih' another jiart, cariying current from the 
same source, is independent of that resistance. 
The galvanometer reading depends u])on the 
relative currents in the two parts, and lienee 
upon the unknown resistance. 

Many modern ohninietc'rs consist of a vac- 
uum tube voltinet('r of jidjustable resistance 
(Ej) wdiich is connected in series with a source 
of emf (E) and the unknown resistance f/fj. 
Then 

^ Rv{E - V) 


wdiere V is the voltmeter reading. 


OMEGA. (1) Solid angle (w). (2) Aneuhar 

frcciuency (cd). (3) Angular frequency with 

damping (w). (4) Dispersive j)Ower (<•)). 

(5) Periodiciiy or pulsetance (w). (0) K('so- 

nance periodicity fov)- (7) Siiecific magnetic 
rotation, or Verdet constant (cd). (‘^) Volume 

of phase space (O). (9) Absolute value of the 

projection of the total angular momentum of 
a single electron on the molecular axis (Ryd- 
berg-type, Case c) (cd). (10) Designation of 

Hund^s Case c state of electronic stnte of a 
molecule (O, Qy or n«). 

OMEGATRON. A small fom of cyclotron 
used chiefly for purposes of instrumentation. 


OMNIDIRECTIONAL ANTENNA. See an- 
tenna, omnidirectional. 

OMNIGRAPH. A device for the audible re- 
production of Morse code signals from a per- 
forated tape for instructional purposes. 

ONDOSCOPE. An electric wave detector 
consisting of a glow-discharge tube. 

ONE-GROUP MODEL. A model for the 
study of neutron behavior in wdiich neutrons 
of all energies are tieated as having the same 
characteristics. 


ONSAGER EQUATION. An eciuation ex- 
pressing the relation between the measured 
ccpiivalent conductance at a particular con- 
centration to that at infinite dilution. 

ONSAGER THEORY OF DIELECTRICS. 

It is proposed that the treatment using the 
Lorentz field is wTong for dielectrics contain- 
ing iiermaiicnt dipole moments. Instead of 
taking the local field as 

4ir 

Eioc — Ro 4- — P 


wdierc Ei) is the external field and P is the 
polarizarion, the relation 




is derived from a simple model of a spherical 
cavdty in a medium of dielectric constant t 
Com hilling this with tlie Langevin function 
for the polarization induced by the local field 
gives a formula for the dielectric constant 
which does not sliow^ a polarization catas- 
trophe. 


OPACITY. Imperviousne-^s to radiation, es- 
pecially to lieht; the properly of stopping the 
jias'^age of light rays numerically expressed 
a^ (lie recijn'oca! of the transmittance. Den- 
sity (photographic) is the logarithm of opac- 
ity to the base 10. 

1 

d = logio 0 = logic - 


where d is density, 0 is opacity and r is trans- 
mittance. 


OPEN SYSTEM. A system allowing inter- 
change of heat and matter with its surround- 
ings, familiar in biology and in continuous 
reaction processes in the chemical industry. 
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(See also closed system, and non-equilibrium 
thcrmodynam ics . ) 

OPERAND. A word symbol, or quantity on 
which an operation is to be performed. 

OPERATING CHARACTERISTIC. See 
load characteristic. 

OPERATION. In computer tcnninology: 
(1) The activity resulting from an instruc- 
tion. (2) The execution of a set of com- 
mands. 

OPERATION CODE. In computer termi- 
nology, tliat part of an instruction which des- 
ignates the operation to be perfonned. 

OPERATION, DUPLEX. The operation of 
associated transmitting and receiving appara- 
tus in which the firocesses of transmission and 
reception are concurrent. 

OPERATIONAL METHODS. Study of the 
properties of operators in the absence of the 
functions on which they operate or a study 
of mathemulical transformations using sym- 
bolic o})erators. Thus, in tlie examples given 
under operator, commutative one may write 
AB - BA and FQ ~ 7 + QF^ where I is the 
unit operator. By tliese methods it may be 
shown that certain operators obey some of 
the rules of aritlunetic or algebra. 

OPERATOR. The symbolic direction to per- 
form an operation such as addition, iiiultipli- 
eation, differentiation, extraction of roots, ete,, 
or some combination of tliese operations. 
Thus the symbol d/dx is an operator which 
may act on a function z{x,y) to give the par- 
tial derivative of y with respect to x. Simi- 
larly, V ■ is a v(*ctor operator which may act 
on a vector to give the divergence. 

OPERATOR, ADJOINT. If a differential 
operator is defined as 

n 

Uy) = Z 

then the adjoint operator is 

Uy) =E 

1.^0 

If L(y) - E(//), th( operators are self-ad- 
joint. (See also adjoint equation.) 

OPERATOR, COMMUTATIVE. If the or- 
der of applying operators to a function is im- 


material, the operators are commutative. 
Suppose A = a+ and B = b-b, with a, b con- 
stant, are applied to a function of x, then 
AB/(x) = a + 6 + /(^) = BA/(x) and A, 
B commute. However, if P = d/dx and 
Q = X, then P and Q arc not commutative for 
PQ/fx) = /(x) + QP/(x). (Sec also com- 
mutator.) 

OPERATOR, CREATION. Sec creation op- 
erator. 

OPERATOR, DESTRUCTION. See destruc- 
tion operator. 

OPERATOR, DIFFERENTIAL. A symbolic 
operator invoking one or more differentia- 
tions. Examples are 

D = d/dx, = dVdx-, = dVdx”; 

Ij = dr /dx^ + p{x)d/dx + (l(x). 

(See abo operator, vector; del; d’Alember- 
tian; Laplacian.) 

OPERATOR, DYADIC. A symbolic opera- 
tor containing functions of a dyadic. 

OPERATOR, INVERSE. An operator sym- 
bol which cancels Ihc process directed by an- 
other operator. Thus A, B ar(‘ inverse oiiera- 
tors if they mean addition and subtraction of 
a constant, respectively, or if tliey are defined 
as differentiation and integration. 

OPERATOR, LINEAR. A symbolic operator 
which obeys the distributive law, A[/(x) + 
g{x)] = A/(x) + Ag{x), and for which 
Afe/(x)] = cAf{x)y where c is any constant. 

OPERATOR, MATRIX. An operator repre- 
sented by a matrix. It transforms a matrix 
(usually a vector in n-dimensioiial space) into 
another matrix (or vector). For matrix op- 
erators with special names see the aiijiropri- 
ate entries under matrix, as matrix, Hermi- 
tian; matrix, orthogonal; etc. 

OPERATOR, TENSOR. A symbolic opera- 
tor containing the components of a tensor. 

OPERATOR, UNIT. A symbolic operator 
which leaves every other operator unchanged. 
Thus if indicated by I, lA = AI = A for any 
definition of the operator A. Also called the 
identity operator. 

OPERATOR, VECTOR. A symbolic opera- 
tor containing vector quantities. Those fre- 
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quently used include del, the Laplacian op- 
erator, the d’Alembcrtian operator. 

OPERATORS, WAVE MECHANICAL. In 

setting up the wave mechanics and tlie quan- 
tum mechanics (see Schrodinger representa- 
tion and Heisenberg representation) one 
adopts the formalism that there corresponds 
to every physical magnitude an operator A 
whicli acts upon a wave function \p and trans- 
forms it to another function, </>. Then, if 


(f) = A}p = n\p 

where a is a constant, \p is an eigenfunction 
of A and a is an eigenvalue of A. The oper- 
ators of most importance are: 

For momentum component pxj 

d 

A = —ih — 
dx 

For oii(‘rgy E, 

d 

A = — • 

dt 

The wave mechanical operators in general 
arc not commutative. 


OPHTHALMOSCOPE. An instrunient made 
up of lenses, and producing a beam of light 
])y means of which the retina of the eye can 
he seen. It is one of the vahiahlo diagnostic 
instruments as in many diseases significant 
findings are present in the eye grounds 

OPPENHEIMER.PHILLIPS PROCESS. A 

mechanism of the (d,p) reaction. In this 
mechanism the proton of the incident deuteron 
is thought to be repelled by the Coulomb force 
between it and the target nucleus, while the 
neutron of the incident dcutron approaches 
close enough to the target nucleus to have a 
chance of becoming bound sufTiciently to over- 
come its rather small binding energy in the 
deuteron. The result is a disruption of the 
(leui(‘ron, with the capture of the neutron and 
repulsion of the proton. Comf)letc penetra- 
tion of the Coulomb barrier by the proton is 
not required, and therefore the ofToet evidences 
it.self in the range of bombarding energies 
below the Coulomb barrier height, that is, 
commonly below 10 mev. The effect is a 
special case of stripping. 

OPPOSITION. A phase difference of one- 
half cycle. 


OPTAR. A method of optical automatic 
ranging as applied to a guidance device for 
the blind. 

OPTIC AXIS. See axis, optic. 

OPTICAL ACTIVITY. The power of a sub- 
stance to rotate the plane of polarized light 
transmitted through it. 

OPTICAL ANOMALY. The behavior of cer- 
tain organic conijiounds, such as those wdiose 
molecules contain conjugated double bonds, 
in which the observ'od values of the molar 
refraction arc not in accord wdth the values 
calculated from the known equivalents. 
When the ob>erved values are higher than 
the calculated values, the substance is said 
to extnbit optical exaltation. 

OPTICAL ANTIPODES. .Two compounds 
composed of the same' aloms and atomic link- 
ages, which differ in their structural formulas 
only in that one is the mirror image of the 
otluT. The term is commonly applied to sul)- 
stanees containing an asj^mmetric atom, or 
bond, in which the plane of polarized light is 
rotated to the right by one of the optical anti- 
podes, and to the left by the other. 

OPTICAL AXIS. See axis, optical. 

OPTICAL CENTER (OF A LENS). A point 
so located on the axis of a lens that any ray, 
which in its pasNage through the lens passes 
through this point, has its incident and emer- 
gent parts parallel. 

OPTICAL DENSITY (PHOTOGRAPHIC). 

The logarithm to base 10 of tin* inverse of the 
transmittance of the developed ])h olographic 
image. 

OPTICAL EXALTATION. The phenom- 
enon wdiereby a compound ])ossessos a refrac- 
tion different from tlie value calculated from 
the various equivalents of the atoms and 
othei st.riietural units of whieli it is eornposed. 
This pro})ei’ty is more strictly called optical 
anomaly, but since in most cases the differ- 
ence is posit iv’C, i e , the observ'cd value ex- 
ceeds the calculated one, the term exaltation 
is used. 

OPTICAL GLASS. Glass to be useful for 
lenses, prisms and other optical parts through 
which light passes, as distinguished from mir- 
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rors, must be completely homogeneous. This 
includes freedom from bubbles, striae, seeds, 
strains, etc. In order to reduce aberrations, 
the optical designer needs many different 
kinds of glass. A few typical sorts are given 
in the table. 



Type 

nn 

I'-Numhe^ 

Borosilicato 

Crown 

1.5170 

64.5 

Barium 

Crown 

1 .5411 

59 5 

Spectaclp 

Clown 

1.5230 

58.4 

Lipcht 

Flint 

1 5880 

53.4 

Ordinary 

Flint 

1.6170 

38.5 

Dense 

Flint 

1 6660 

32.4 

Extra dense 

Flint 

1 7200 

29 3 


The v-number is the reciprocal of the dis- 
persive power of the glass. 

OPTICAL IMAGES, GRAPHICAL CON- 
STRUCTION. Tlie image of a point object 
may be located to first order accuracy by 
drawing any two of three easily located lines. 



Given a lens L, its optical axis x-ij^ its foci 
Fi, and and an object point 0. 

(1) Draw a line OA parallel to x-y and 
then the line AF^. 

(2) Draw a line OFj, oxtemd it to the lens 
at and then extend it from B parallel to 
the optical axis. 

(3) Draw the line OCj and continue it 
without deviation through the lens. 

The three lines should meet at the iioint /, 
the image of 0. If instead of converging to 
a point the three lines are diverging, trace 
each of them back and they should meet at a 
point to the left of the hms indicating a virtual 
image. If the three lines are parallel the 
image is at infinity. This same method of 
construction may be applied to any lens or 
curved mirror. 

These are the thn easily located lines. If 
it becomes desirable o trace some other ray 
(tracing a sincle ray through more than one 
lens) the following construction holds. 



EA is the ray to be traced tlirougli the lens. 
Draw mn through Fn pcrjjcndicular to the 
optical axis. Draw Cl) parallel to EA. The 
ray will follow the path AD after leaving the 
lens. 

OPTICAL INSTRUMENTS. Oidical instru- 
ments may be divided into two general classes: 
(1) tliosc used for ojUical projection, such as 
the st(‘rooi)l icon and the camera; and (2) those 
used as an aid to natural vision, ‘^^ch as the 
telescope and the microscope. In tlie first 
class, a real image* of the object to he repre- 
sented IS formed on a screen oi idiotograjihic 
plate by means of a lens sy^tean oi a minor. 
In the ‘^ecoml, tlio cve of the observer is 
placed so as to view a virtual muigo formed 
by the ojitical system as a vhole, winch may 
or may not involve the formation of a real 
image* in the interior of the instrument (See 
geometrical optics, magnifying power, and 
vision.) 

OPTICAL ISOMERISM. The elifference in 
optical activity among the isomers of eenn- 
pounds having asymmetrie atoms or bonds. 

OPTICAL ISOMERS. Twm or more eom- 
jiounels wdiich have the same e*hcmical eom- 
pohition and tlie same two-dimensional struc- 
tural formulas, but wdiich differ in the spatial 
ar rangranent of tlie atoms or groiifis ahemt one 
or more a'-ymmetric atoms or bonds that are 
present, so that the plane of polarized light 
is rotated in a different dirc'ction (left or right) 
or to a different amount (if the substance has 
more than tw'O optical isomers). 

OPTICAL LENGTH. Equivalent to optical 
path. 

OPTICAL LEVER. A common device for 
amplifying and measuring small rotations. 
The object rotated carries a small mirror, 
which, reflecting a beam of light, deflects it 
through twice the angle of rotation to be 
measured. 
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OPTICAL MODE. A type of thermal vibra- 
tion of a crystal lattice whose frequency is 
nearly independent of wave number. The 
optical modes may be thought of as internal 
vibrations of the molecules or unit cells of 
the lattice, loosely coupled from cell to cell. 
In ionic crystals, this leads to strong absorp- 
tion in the infrared because of the fluctuating 
dipole moment as the ions of opposite sign 
move relative to one another. The optical 
modes contribute to the specific heat with 
Einstein specific heat functions. 

OPTICAL PATH. In a medium of refractive 
index ? 7 , the product of the geometrical dis- 
tance d and the refractive index. Wlicn there 
are several segments di, ^2, **• of the light 
path in substances having dilTercnt indices 
^1, ^2, • ■ the optical path is found from the 
relationship; 

Optical Path = r/idi + ^^2^2 H 'hdi, 


and in a medium in which n varies continu- 
ously : 


Optical Path == 



wliere dst is an element of length along the 
l)atli According to the Fermat principle, the 
optical path connecting two t)oints ha*^ an 
extreme value. 


OPTICAL PATTERN (CHRISTMAS TREE 
P\TTERN). In mechanical rocordhig, a pat- 
tern which is observed when the surface of a 
record is illuminated by a light beam 01 es- 
sentially parallel rays. 

OPTICAL PYROMETER. Several pyrom- 
eters have been devised, by means of which 
the temperature of a vciy hot surface is deter- 
mined from its incandescent brightness. One 
commercial type is illustrated in the figure. 



Arrangement of parts of optical pyrometer (diagram- 
matic) 

The hot body is viewed through a sort of tele- 
scope, whose objective L produces at F a real 
image of the glowing surface. At this point 
a lamp filament F is placed, which is thus 


viewed through the eyepiece E against the hot 
surface as a background. A monochromatic 
filter M is interposed before both, so that their 
brightness is compared in one spectral region 
only. The current in the filament is so ad- 
justed by means of the rheostat R that the 
filament becomes invisible against the bright 
background. The ammeter A then gives the 
current, from which the temperature may he 
deduced; or the ammeter scale may be grad- 
uated to read temperatures directly. In an- 
other type the balance is securi‘d by keeping 
the current constant and introducing an ab- 
sorbing wedge between tlio filament and the 
objective, as in a wedge photometer. In still 
others, the temperature is determined, not by 
the total hrightne‘«s, hut by the relative bright- 
ness at t^\o sel(ctod wavelengths. 

OPTICAL ROTATION. Sec polarized light. 

OPTICAL ROTATORY POWER. The abil- 
ity of a substance to rotate the plane of polar- 
ized light. 

OPTICAL SOUND RECORDER. See sound 
recorder, photographic. 

OPTICAL SOUND REPRODUCER. See 
photographic sound reproducer. 

OPTICAL SUPERPOSITION, PRINCIPLE 

OF. Van^t Hoff's assumption that the optical 
rotation of a compound composed of two op- 
positely ojitieally active radicals is the alge- 
braic sum of the .sepal ati' rotations of each 
radical. It docs not hold in all cases. 

OPTICAL TRANSMITTANCE. St e trans- 
mittance. 

OPTICALLY-PLANE (OPTIC ALLY-FLAT). 

Dej>arting from a true plane only by distances 
small compared with the wavelength (s) of 
light concerned. 

OPTICALLY VOID LIQUIDS. Liquids that 
do not exhibit the Tyndall effect, c.g., liquids 
that contain no suspended solids. 

OPTICS. Originally that branch of physical 
science which treats of the phenomena of light 
and of vision. Today, because of the con- 
stantly increasing importance of ultraviolet 
and infrared radiation, optics has come to in- 
clude all phenomena associated in any way 
with electromagnetic waves with wavelengths 
greater than x-rays and shorter than micro- 
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waves. Numerical limits of this wavelength 
region are not definitely defined. 

Since the advent of devices such as the 
electron microscope and the cathode ray 
tube, in whicli beams of particle.s are focused 
to form images, the study of the behavior of 
such instruments is also called optics, usually 
with an ai^i)ropriatc modifier. 

OPTIMUM MAGNIFICATION. The rnaxi- 
mum value of the numerical aperture of a dry 
lens is 1.0. Oil -immersion objectives witli 
numerical apertures up to l.Ori have been con- 
structed. The minimum distance between 
I)oints which are just resolved is thus 2.7 X 
10“ cm for a dry l(*ns, and 1.6 X 10“''^ cm 
for an oil-immersion lens, using oblicjiic illu- 
mination and a wavelength of 5500 A. The 
maximum useful magnificat ion is thus 'about 
800 for dry objectives, and 1200 for oil-im- 
mersion objectives. 

OPTIMUM WORKING FREQUENCY. See 
frequency, optimum working. 

OPTOMETRY. A branch of optics dealing 
with the optical performance of the individual 
eye, and with measurements upon it. 

OPTOPHONE. A photoelectric device which 
converts ordinar>’ printing into audibh* sounds 
that can, after suital)le training, be identified 
with individual letters. A reading (h'vice for 
the blind. 

ORBIT SHIFT COILS (BETATRON, SYN- 
CIIROTRON). A set of coils, usually placed 
on the magnet pole faces in the region of the 
stable orbit, Ihrougli which a pulse of current 
is passed to alter inonH’nlarily the guiding 
field in such a way as to cause the orbit radius 
to increase or decrease, or the plane of the 
orbit to rise, lower or tilt, thereby causing 
the accelerated particles to strike a target 
placed outside tiie .stable orbit or to enter a 
deflector for the production of an external 
beam. 

ORBITAL. In the old quantum theory an 
electron in a field of force was thought of as 
moving in an orbit. In wave mcchanic.s this 
idea is expressed by a wave function giving 
the probability of finding the electron in the 
region. There is, in general, a wave function 
corresponding to quantized orbit, and 

such a wave function has been called an 
orbital. Although it is never strictly correct 
to discuss an electronic system as if each elec- 


tron had a definite wave function, independent 
of the other electrons, this is often a good 
approximation. The problem of calculating 
valence forces, according to the modern the- 
ory, is then reduced to that of finding the 
different possible electronic wave functions in 
the fields of the atomic nuclei, allowing for 
the exchange interactions between them. As 
a starting point for such a calculation, one 
may choose a series of atomic orbitals, where 
the wave functions are as if concentrated 
about independent atoms, and try to choose 
suitable linear combinations of th(\sc to repre- 
sent the true v\ave functions. Alternatively, 
one may start with a scri(‘s of molecular or- 
bitals, for example wave functions suitable 
to describe electron'^' moving about two centers 
of force as in a ]»ydrogcn molecule, and asso- 
ciat(‘ these, or linear combinations of tiiem, 
with tlie different valence bonds in the struc- 
ture. 

ORBITAL, ANTIBONDING. An orbital 

wliose energy incrc'ases monotonically as the 
twx) atom‘^ to wdiich it l^elongs move closer — 
lienee an orliilal whicli does not lead to closer 
binding of the molecule. * 

ORBITAL, BOND. An orbital which may be 
associated with a (UTiiiito chemical bond. 
Tims, it is sonu't linos possibl(' to corixtruct an 
electron eigenfunction which is conccait rated 
in the region betwaxai two atoms in a mole- 
cule, and w'hose energy show\s a minimum 
Avhen the atoms arc placed at some small dis- 
tance apart Then, if electrons are available 
to fill the orbital, there wall evidently bo a 
tendc'Ticy for a bond to form lietween the 
atoms. Bond orbitals may often be hybrid- 
ized combinations of atomic orbitals of vari- 
ous tyjies, and may show directional proper- 
ties. 

ORBITAL, BONDING. See orbital, bond. 

ORBITAL ELECTRON CAPTURE. See 
electron capture. 

ORDER. Used with several different mean- 
ings. (See difference, finite; derivative, 
higher; differential equation; determinant; 
matrix; diffraction grating; and next four en- 
tries.) 

ORDER-DISORDER TRANSFORMATION. 
Certain substitutional alloys are capable of 
forming compounds of definite composition 
(e.g., CuAu), where after careful annealing, 
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a regular superlattice structure is found. Thus, 
in CuaAu, for example, the gold atoms appear 
at the corners of the unit cube, the copper at 
the face centers. The transformation from a 
disordered state to the ordered state occurs 
rather slowly, at a more or less definite tem- 
perature. If the alloy is quenched too rapiidly 
through this temperature, only the random 
structure is observed. (See also long range 
order; short range order.) 

ORDER OF. (1) If a function f{x) becomes 
\x^fix)\ < K SLS X a])])roaches 0 or oo, wiiere 
X is a positive number indei)erident of x and 
not zero, then / (x) is said to be of order x *. 
In symbols, /(x) = 0(x~^)y where this nota- 
tion is called the ordosymbol. The limited 
proees^. 0 or co is not always stated explicitly 
but inferred from the context. In the special 
case where liin \x^f (x) | ~ 0, one writes f ix) — 
o(x '0. (2) AVhen two quantities having the 

same jiliysical dimensions differ by a small 
factor, say less than ten, they are said to be 
of th(' same order (of magnitude) and one is 
said to be of the order of the other. 

ORDER OF INTERFERENCE. Two light 
rays with a path difference of an integral 
number, p, of wavelengths will interfere con- 
structively. p 2 s called the order of the inter- 
ference. 

ORDER OF PHASE TRANSITION. In such 
I)hase transitions as fusion or vaporization, 
tlie two phases gencTally have distinctly dif- 
ferent [iroperties (e.g., den^ities), Such tran- 
sitions are known a.s first order transiMons. 
At a given pressure they take place sliarply 
at a fixed teinjicratiire and with the absorption 
or reh'ase of lat(mt heat (see heat, latent). 
In some other transitions as that of a Ikpiid 
to a vapor at the critical point, propc'rtics 
such as density do not show a di.scontiimous 
change, although their derivatives with re- 
spect to temperature do. Changes of this tyiie 
are known as second order if the fi^st deriva- 
tives change sharply; as third order if the 
second dcriv.atives undergo such change; etc 
Second order transitions Ho not involve latent 
heats, but the specific heat vs. temperature 
curve shows anomalies near the transition 
temperature. 

ORDINARY POINT. A value of the complex 
variable, z, for which a function of this vari- 
able, f{z), is analytic. Anv point which is 
not an ordinary point is a singular point. 


ORDINARY RAY. See double refraction. 

ORDINARY-WAVE COMPONENT. That 
magneto-ionic wave component deviating the 
least, in most of its propagation character- 
istics relative to those expected for a wave 
in the absence of the earth's magnetic field. 
More exactly, if at fixed electron density, the 
direejtion of the earth's magnetic field were 
rotated until its direction is transverse to the 
direction of phase propagation, the wave com- 
ponent whose projiagation is then independent 
of the magnitude of the earth's magnetic field. 

ORDINATE. The second coordinate, in ad- 
dition to the abscissa, required to locate the 
jmsition of a point in a plane. It is measured 
from the axis of abscissa, usually the X-axis, 
and aflong a line parallel to the Y-axis, the 
axis of ordinates. 

ORGAN. A portion or subassembly of a 
computer which constitutes the moans of ac- 
compli'^hing some inclusive operation or func- 
tion, as an arithmetic organ. 

ORGANOSOL. A colloidal system in an or- 
ganic disjiersion medium. 

ORGAN PIPE. As used in physics, this term 
includes any tube, with one or both ends open, 
wdiieh may resonate at j)articular frequencies. 
See mechanical vibrating system, closed 
pipe; open pipe. 

ORIENTATION EFFECT. A basis of cal- 
culating the attract i\e forces between mole- 
cules, or a component of such forces, from the 
interaction energy of molecular dipoles due 
to their relative orientation. Also the rela- 
tion of the bulk properties of a material (such 
as llu‘ dielectric constant) to tlieir atomic or 
molecular properties when the relationship is 
caused by the reoriemtation of permanent di- 
poles by an applied field, rather than by the 
polarization of the atoms or molecules. 

ORIFICE. An opening through which a fluid 
may discharge. The pressure drop across 
orifices of standard fonns is used to measure 
flow of fluids along pipes and channels. 

ORIFICE PLATE. A diaphragm of stand- 
ardized shape which is inserted in a pipe along 
which fluid is flowing. If the orifice plate is 
sharp-edged, the pressure drop across it is 
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accurately proportional to the square of the titles with components At, Bt (i = 1, 2, • • •, n) 
flow through the pipe. and they are then orthogonal if 


OROGRAPHIC LIFTING. The lifting of air 
caused by its flow up the slopes of hills or 
mountains. 

OROGRAPHIC RAIN. Rain resulting from 
orographic lifting. 

OROGRAPHICAL WEATHER PHENOM- 
ENA. Any weather phenomena caused by 
the flow of air over prominent features of the 
terrain. Air flowing uphill undergoes certain 
changes because of this orographic lifting. 

ORTHICON. A camera tube (see tube, 
camera) in which a low-velocily electron- 
beam scans a photoactive mosaic which has 
electrical storage capability. # 

ORTHICON, IMAGE. See image orthicon. 

ORTHICONOSCOPE. An orthicon. 

ORTHOBARIC DENSITIES. The density 
of a liquid and of the saturated vapor in equi- 
librium witli it at any temperature. 

ORTHOCHROMATIC. The word implies all 
waveUmgths, but as a])])lied to photographic 
emulsions it means green-sensitive, but not 
red-sensitive. (See panchromatic.) 

ORTHOCHROMATIC REPRODUCTION. 

Loosely defined as the proper (or correct) re- 
production of color ill monochrome However, 
since only one characteristic of color, i.e , 
brilliance, can be reproduced in monochrome, 
orthochromatic photography is more proj)erly 
described as the correct reproduction of the 
brilliance characteristic of color into mono- 
chrome. In oth(T words, the distribution of 
sensitivity with wavelength of the film or 
plate should be the same as that of the eye, 
which, of course, is represented by the color- 
brilliance curve. 

ORTHOGONALITY. A general tenn mean- 
ing perpendicularity, thus the three axes of a 
rectangular Cartesian coordinate .system are 
orthogonal in pairs, hence mutually orthog- 
onal. Conditions for orthogonality are read- 
ily expressible in vector notation, for if the 
scalar product of two vectors in two dimen- 
sional space vanish^ • A-B = 0, the two vec- 
tors are perpendicula to each other or orthog- 
onal. The concept is easily generalized to 
n-dimensional space by assuming two quan- 


E ^ A = 0. 

t >=>0 

If the vector space involved has an infinite 
number of dimensions and if the components 
Aij Bx arc continuously distributed so that the 
index i becomes a continuous variable, the 
two functions are then orthogonal if 

b 

A{x)B{x)dx = 0. 

The limits of integration are needed to specify 
tlie range of x for which the functions are de- 
fined. They may be finite or infinite. Ar- 
tutrary functions may be made orthogonal 
by the Schmidt process. 

ORTHOHELIUM TERMS. One group or 
system of tc^rms in the spectrum of helium 
tliat is due to atoms in which the spin of the 
two electrons are parallel to each other. An- 
other group of spectral tenns, the parhelium 
terms, is given by those helium atomg whose 
electrons have opposing s])ins. 

ORTHONIK. Trade name for a high perme- 
ability, highly grain-oriented 50% nickel, 50% 
iron alloy. 

ORTIIONOL. See orthonik. 

ORTHONORMAL. Suppose a set of func- 
tions of the complex variable z is defined over 
the range a so that tlic members of 

the set, fi{z)j f^iz) *•* are orthogonal 


X 


f*iz)fj{z)dz = 0 


i 5^ j. 


Tiien presumably 


J* = Ci^ 5 ^ 0, a constant. 


It is frequently convenient to redefine the 
functions so that they are normalized and 
take Ci^iiz) = ji{z)j then 



and the functions <#>i( 2 ) are said to form an 
orthonormal set. For an arbitrary set of func- 
tions, fi(z)j conversion to orthonormal func- 
tions may be effected by the Schmidt process. 
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Orthopositronium — Oscillation, Damped Harmonic 


If t is real, obvious simplifications in the 
equations are possible. 

ORTHOPOSITRONIUM. The state of posi- 
tronium in which the spins of electron and 
positron are parallel. The Is state annihi- 
lates into three gamma-rays with a mean life 
of 1.4 X lO"’’ see. 

ORTHORHOMBIC SYSTEM. One of the 

seven fundamental systems of crystallography; 
in this system the axes arc of unequal length, 
and intersect at right angles. 

ORTHOSCOPIC SYSTEM. An optical sys- 
tem corrected for both distortion and spheri- 
cal aberration. Also called rectilinear sy.s- 
tcm. 

ORTHO-STATE. (1) In diatomic mole- 
cules, .such as hydrogen molecules, the ortho- 
state exists when the spin vectors of the two 
atomic nuclei arc in the same direction (i c , 
liarallcl), whereas the para-state is the one in 
which the nuclei are spinning in op]iosite di- 
rections. (2) In helium the ortho-state is 
characterized by a particular mode of cou- 
pling of the eh'ctron si)ins. (See orlhohe- 
lium.) 

ORTHOTOMIC SYSTEM. An optical sys- 
tem which contains only rays which may he 
cut at right angles by a properly-constructed 
surface. 

OSBORNE, STIMSON AND JENNINGS 
METHOD FOR MECHANICAL EQUIVA- 
LENT OF HEAT. As( ‘mi-adialiatic cuU riin- 
etcr is used, which is surrounded by <1 shell 
kcp)t at the same ti'inperaturc. The calorim- 
eter contains water and water vapor, and the 
ri‘^e in temperature upon the application of a 
measured amount of electrical energy i^ de- 
termined, as well as the change in (lie state 
of water. 

OSCILIATING CRYSTAL METHOD. A 
technique for tlie x-ray analysis of crystal 
structure, in which the spi'ciinen is oscillated 
through an angle of 10-20°, allowing a lim- 
ited number of reflecting positions to be ex- 
posed to the incident x-ray beam. 

OSCILLATING CYLINDER METHOD 
FOR VISCOSITY. The viscosity of a gas or 
liquid is measured by the damping of the 
oscillations of a cylinder which is suspended 
on a torsion fiber inside a stationary cylinder. 


The space between the cylinders is filled with 
the gas or liquid under investigation. 

OSCILLATING DISC METHOD. See vis- 
cosity, measurement of. 

OSCILLATION. An oscillation is one com- 
liletc period of vibratory or periodic motion, 
for example, the whole succession of states 
that takes place Ivdore the motion begins to 
repeat itself. For example, one oscillation of 
a pendulum bob is a complete excursion from 
where it started back to its oriainal position 
^^ith the mine velocity (magnitude and di- 
rection). The time of one oscillation is called 
one period and the number of oscillations per 
second (the reciprocal of the period) is called 
the freijiiency. The definition cannot be ap- 
]flicd Strictly to nonperiodic motions te.g, see 
oscillation, damped harmonip) In such mo- 
tions the period is usually taken as the time 
between successive zeros of tlie displacement. 

OSCILLATION, DAMPED HARMONIC. 

An oscillation in which there is resistance to 
the motion. This re.^isiaIlce is opposite to the 
dirt‘clion of motion and to a good approxima- 
tion is proportional to the first power of the 
velocity. The presence of the resistance leads 
to a contimions dissipation of the total me- 
chanical energy of motion. 

The^ difl’erential e(|uation of motion for a 
dissipative oscillatory system with one de- 
gree of freedom and no external driving force 
is 


d'^x 
m - - 
dr 


dr . 

-4 7? + /r = 0 

dt 


where m is the mass of particle. B is the 
damping coefficient, / is the stiffne.ss coeffi- 
cient. Th( solmion is of tiic form 


V 

c \Ac^ 


I 


V''” 


where A and B are arbitrary constants. 

B" f 

If < - , oscillations of steadily de- 

\m^ yri 

creasing amplitude take place with frequency 
Vf'm - 

2ir 

li' f 

If --- = , no oscillations take place and 

4??r m 

motion is said to be “critically damped.” 


Oscillation, Electric — Oscillator 
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f 

If — - > — , no oscillations take place and 
4nr m 

motion is said to be ^^)vcrdamped/^ 

(See dissipative system; dissipation func- 
tion; logarithmic decrement.) 


OSCILLATION, ELECTRIC. See electric 
oscillations and electric waves. 


OSCILLATION, FORCED. The Ohc illation 
which results when an external periodic driv- 
ing force is applied to a system capable of tree 
oscillations (cf. simple harmonic motion, 
damped oscillations). In the onc-dimen- 
sional case for a dissipative system the dif- 
ferential equation of motion is 

cl^x (lx 

rn — - + R \- fx = Fq eos 2Trvi. 

dt^ di 

Fq is the amplitude of driving force; v is fre- 
quency of driving force. 

The solution to this equation has two parts, 
a transient which ovoiitually damps to zero, 
and a steady state which is the dominant part 
when the transient diminishes. The steady 
state solution has the form 


Fi) eos (a)t — a) 


where u> = 2Trv, a = tan ^ = phase 

/ — 

difference bct^vcon force and displacement. 

Of special inlerest in forced oscillations is 
the phenomenon of resonance. Velocity reso- 
nance is a state of maximum velocity and 
occurs when tlie frequency of the driving force 


has the value j^o = 


1 f 

— ^ r~ • »'o called the 

27r \ m 

resonance frcrjyrncy. Amplitude resonance is a 
state of maximum disphtcernt nt and occurs 
w’hen the frequency of the driving force has the 


value Pi = — V//i7i — R^/47n^. 

27r 

When the damping coefficient is small, the 
amplitude resonance frequency vi and the free 
oscillation frequency become approximately 
the same. At the n -onance frequency vq, the 
force and velocity a j exactly in phase w’hile 
the force and displacement are 90° out of 
phase. The word resonance in general usage 


means amplitude resonance. (Sec simple har- 
monic motion, damped oscillations.) 

OSCILLATION(S), FREE OR NATURAL, 
(1) Oscillations that continue in a circuit or 
system after the applied force has been re- 
iuoved, the frequency of the oscillations being 
determined by the parameters in the system 
or circuit, commonly referred to as shock- 
excited oscillations. (2) The oscillation of 
some i)hysical quantity of a body or system 
when the externally applied forces consist 
either of those winch do no work, or of those 
which are derivable from a potential that is 
invariant during the time under considera- 
tion, or both. (3) That type of oscillatory 
motion into whicli a suitable system not sub- 
ject to external driving forces is capable of 
being excited by a (lisphiciMnent froii' an 
equilibrium position. (See harmonic motion, 
damped.) 

OSCILLATION, FREQUENCY OF. The 

number of eomplob' oscillations of a given 
sysdem per unit time, commonly svmholized 
by p or /. The frequency is the reciprocal of 
tlie period, the time for one complete oscil- 
lation. Sometimes the angular frequency, 
s;vud)olized by o>, is used for greater conven- 
ience in mani[)ula(ing trignometric func- 
tions The angular freqiu'iiey has the unit 
radian per unit time and is equal to 27r X fre- 
(|uency. 

OSCIIXATION, MODES OF. Tn the case 
of standing waves the boundaiy conditions 
restrict the possible frequencies of oscillation 
to a discrete set of values. Tlie whole sot 
constitutes the modes of oscillation of the 
system. The oscillations of a string clamped 
at both ends, and the oscillations of sound 
waves in a closed or open pipe are examples 
of eases where boundary conditions im]ms(* 
modes. 

OSCILLATION(S), PARASITIC. Unin- 
tended self-sustaining oscillations, or transi- 
ent impulses. 

OSCILLATION, STEADY-STATE (VIBRA- 
TION). The oscillation of a body or system 
in will ell the motion at each point is a peri- 
odic quantity. This is frequently a special 
case of forc(‘d oscillation. 

OSCILLATOR. (1) A nonrotating device for 
producing alternating current, the output fre- 
quency of which is determined by the char- 
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acteristics of the device. The oscillator is the 
heart of the radio transmitter since it gener- 
ates the high-frequency carrier signal essen- 
tial for this type communication. The early 
oscillators used in radio consisted of induc- 
tance-capacitance circuits to which a surge 
of electrical energy was applied by the break- 
down of a spark gap or an arc This energy 
then surged back and fortli Ixdween the in- 
ductance and capacitance until it was all dis- 
sipated as radiation and as circuit l()^ses This 
type oscillator produced damped oscillations 
and is no longer used Modern oscillators use 
vacuum tubes in various circuit arrangements. 
Since the ordinary vacuum tube is inher- 
ently an amplifying device, it can be used as 
an oscillator by feeding back some of the out- 
put energy to the grid so the tube ofTectivoly 
drives itself. The various oscillator circuits 
in common use are utilization'^ of different 
means of doing this. Fiir stable frequency 
characteristics crystal-controlled oscillators 
are used in most stations Tii these a quartz 
crystal is connected in the grid circuit of th(‘ 
Aaeuum tube so the \oltages produced by the 
eiystal when it vilirates mechanically control 
the grid and hcncc the plate output of the 
tube Enough energy is fed back, usually 
through the grid-plate capacitariee of the 
tula*, to keep the crystal in a steady slate of 
vil^ration Because of the high frequency 
stability of the mechanical vibrations, the 
oiit])ut frequency of the circuit is remarkably 
stable, in some eases where extreme care is 
exercised amounting to 1 jiart in 20,00( 000 
In modern broadcast stations the ci\^ta]s 
maintain the fie(|uency accurately to 2 or 3 
cycles. Where continuously adjustable fre- 
quency output is needed some tvpe of s(*lf- 
eontrolled oscillator is needed The Hartley, 
shown in the figure, 1“=: one of the simrh'st. 
The energy fed har-k from the plate to iiic 
grid circuit through the inductive coupling 
of the tw^o sections of the coil The fre- 
quency is determined by the induct aine and 
capacitance values in the tuned circuit A 
somewhat more complicated hut more stable 
variable circuit is the electron-coupled oscil- 
lator shown at (e) This uses a tetrode or 
pentode tube, utilizing the screen as the plate 
of an oscillator whose output is coupled by the 
electron stream in the tube to the main plate 
circuit. The one showm employs the Hartley 
circuit. At very high frequencies the oscil- 
lator frequency is often controlled by a reso- 


nant transmission line. At ultra high fre- 
quencies special tubes and types of circuits 
must be used. In these the frequency is 
largely d('tei*mined by the transit time of the 
electrons in the lube. (2) Any system which 
provides for the storage of energy in tw^o 





forms (eg, kinetic and potential, electric and 
magnetic) and w’hich llicrefore can undergo 
processes in which some (piantity varies pe- 
riodically with time The quantity may be 
the displacement or the velocity of a mass in 
a nieehaiii(‘al oscillator, tlie charge on a ca- 
pacitor in an electrical oscihator, etc. 

OSCILLATOR, ANHARMONIC. A me- 
chanical system with one degree of freedom 
which, when displaced from equilibrium, is 
subject to a restoring force corresponding to a 
superposition of first and higher powers of 


OscOlator, Balanced — Oscillator, Dow Electron-coupled 
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the displacement. A simple example of an 
anharmonic oscillator has the equation of 
motion 


w — r + ^13* + k2X^ = 0. 
dr 


The vibrations of the human ear drum may 
be described by an ecpiation of this form, 
which means physically tliat the restoring 
force is not synmietrical about tlie equilib- 
riuin position of the oscillator. The eciua- 
tiou is mathematically non-rni(‘ar (because 
of tlie presence of the scjiian' term and 

leads to a solution involving harmonics of the 
fundamental oscillation frequency (if the an- 
harmonic term k^x^ is alwav^ small com- 
pared wdth the harmonic term k^x). 


OSCILLATOR, BALANCED. An oscillator 

in which the impedanee center^ of the tank 
circuits are at ground (Kit('ntial, and (he volt- 
ages between t*ither end and their centers are 
(‘(lual in magnitude and oppo^^ite in phase 


OSCILLATOR, BARKHAUSEN-KURZ. An 
oscillator of the retardmg-field (vpe in which 
(he fn'qiiency of oscillation depends solely 
ujx)!! the electron-transit time within th(‘ tube. 


OSCILLATOR, BEAT-FREQUENCY. Sec 
beat-frequency oscillator. 

OSCILLATOR, BEATING. Se(‘ beat-fre- 
quency oscillator. 

OSCILLATOR, BLOCKING. A transform- 
er-coupled, feedback oscillator (see oscillator, 
feedback) in whicli jdate current flows for 
only one-half cycle before (he oscillation is 
halted due to blocking of the grid. The os- 
cillation then ceases for a period <letermined 
by (lie time required for the grid to become 
unblocked The length of the current puUe 
is determined hy the transformer resonance. 
The period of the pnlse is determined hy re- 
laxation oscillator principles. (See oscillator, 
relaxation.) 

If the grid should not block after tlie first 
lialf-eyclc of current and oscillation continue 
For one or more cycles before being disrupted, 
the oscillator hecorno.'? known as a sqtiegging 
oscillator. (Sec oscillator, squegging.) 


OSCILLATOR, CLAVP. A series-tuned Col- 
pitts oscillator noted for its low drift char- 
acteristics. 


OSCILLATOR, COHERENT. An oscillator 

which has a fixed phase relationship to some 
other (reference) oscillator. 

OSCILLATOR, COLPITTS. An oscillator 

in w'hich the parallel-tuned tank circuit is 
connected between grid and plate, with the 
tank capacitance containing two voltage- 
dividing caf)acitors in scries, with their com- 
mon connection at cathode potential and the 
necessary feedback voltage being obtained 
across the grid-cathode capacitor. When the 
two voltage-dividing capacitances arc the 
plate-io-catliode and the grid-to-cathodc ca- 
pacitances of the tulv, the circuit is knowm 
as the ultra-audion oscillator. 

OSCILLATOR, COUPLED (MECHANI- 
CAL). A system with two or more compo- 
nents coiiplctl by forces which can be con- 
sidered either exaelly or approximately as 
luirmonie. The resultant motion of each com- 
j)()iient when the system is fiis])laeed fi’oni its 
e([nilihnum position can be considered as a 
linear superposition of simple harmonic oscil- 
lations with characteristic frequencies known 
as normal frequencies. For a non-do^^tmerafe 
non-<lissipative coupled system of n particU'- 
each having one degree of freedom, there wdll 
exist n ncjmial frequencies. It is theoreticjilly 
possible by the correct choice of initial con- 
ditions to set a coupled system into oscilla- 
tion so that all the particles vibrate with only 
ori(* normal freciucncy. Such a vibration i« 
called a normal mode of vibration. For the ?/ 
jiarticlo system there will exist n noniial 
modes and n normal coordinates. A normal 
coordinate vibratvs harmonically wdth a «jingle 
normal fro(]n(‘ncy and can be found by a 
transformation of the actual displacement co- 
ordinates which describe the individual mo- 
tion of each particle. 

OSCILLATOR, CRYSTAL, A generator of 
alternating-current energy, the frequency of 
wdiich is determined by the mechanical prop- 
erties of a piezoelectric crystal. (See discus- 
sion under oscillator.) 

OSCILLATOR, DAMPED LINEAR. A lin- 
ear oscillator subject to a damping coefficient. 
(See oscillator, linear; oscillation, damped 
harmonic.) 

OSCILLATOR, DOW ELECTRON-COU- 
PLED. Sec oscillator, electron-coupled. 
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OSCILLATOR, DYNATRON. A negative- 
resistance oscillator with negative resistance 
derived between plate and cathode of a 
screen-grid tube operating such that second- 
ary electrons produced at the plate are at- 
tracted to the higher-potential screen grid. 

OSCILLATOR, ELECTRON - COUPLED. 
An oscillator emj^loying a multigrid tube 
with the cathode and two gridb operating in 
any conventional manner as an oscillator, 
and in which the plate-circuit load is coupled 
to the oscillator through the electron stream. 
(See discussion under oscillator.) 

OSCILLATOR, FEEDBACK. An oscillat- 
ing circuit, including an amplifier, in which 
the output is coupled in phase with the input, 
the uiscillation being maintained at a fre- 
(luency determined by the parameters of the 
amplifier anrl the feedback circuits such as 
L-th It-C, and other frecpiency-selective ele- 
ments. 

OSCILLATOR, GILL-MORRELL. An os- 
cillator of the retanling-field type (see oscil- 
lator, rctarding-field) in which the fre(iuency 
of oscillation is dependent not only on elec- 
tron-transit time within the tube, but also on 
associated circuit parameters. 

OSCILLATOR, HARMONIC. (See also os- 
cillation, damped; oscillation, forced; oscilla- 
tion, anharmonic.) A mechanical system 
with one degree of freedom which when dis- 
}daced from erpiilihrium, is subject to a re- 
storing force varying directly as the displace- 
ment. Tf the effective nias^ is m, the stiffness 
is fc, and the disjilacement is x, the differential 
eejuation of motion of the harmonic oscillator 
is 

711 + kx = 0 

dt^ 

leading to solution 

where v = is the frequency, A is the 

amplitude and B is the initial phase, or epoch. 
This system is undamped and performs simple 
harmonic motion. Note that x need not be a 
linear displacement but may be an angle. 
Harmonic oscillations in different directions 
in a plane may be superposed and the result 
is often referred to as a two-dimensional har- 
monic oscillator. The motion of the resultant 


system is, however, not necessarily periodic 
and the use of the name therefore somewhat 
questionable. 

The wave mechanical solution of the prob- 
lem analogous to that of the classical har- 
monic oscillator plays an impoilant role in 
atomic and molecular physics. If a particle 
of maiss in is constrained to linear motion with 
its j)otential energy T" being i)roportional to 
the sf|uare of the displacement x from some 
equilibrium position, the Schrodinger equa- 
tion is 



where fi is the Dirac /?, fc is a constant, and E 
is the energy of the particle. This equation 
has solutions only for discrete eigenvalues 
(1) (5f A', tliese being 

- Wk/w (■>? + 1) 

whore n is an integer (0, 1, 2 • • ). The eigen- 
functions arc 

wlu'rc Tln(x) is a Hcnnite polynomial and 
a - \/km/fu As the expression for En shows, 
the wavT mechanical harmonic oscillator dif- 
fers from the clavsica! in that only discrete, 
e(|unlly-spaced energy levels are pOvSsiblc and 
that the lowest state has an energy (fi/2) 
Vk/rn. This leads to the concept of zero 
point energy. 

OSCILLATOR HARMONIC INTERFER- 
ENCE. Interference encountered in super- 
heterodyne receivers caused when harmonics 
of the local oscillator heterodyne with some 
undesired carrier to produce the correct in- 
termediate frequency. 

OSCILLATOR, HARTLEY. An oscillator 

in which the parallel-tuned tank circuit is 
connected between grid and jilatc, the induc- 
tive element of the tank having an interme- 
diate tap at cathode potential, and the neces- 
sary^ feedback voltage obtained across the 
grid-cathode portion of the inductor. (See 
discussion under oscillator.) 

OSCILLATOR, HETERODYNE. See het- 
erodyne oscillator. 

OSCILLATOR, I.INEAR. An oscillator of 
the simple hannonic type is referred to as lin- 


Oscillator, Linear Harmonic — Oscillator, Phase-shift 
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ear because mathematically it has a differ- 
ential equation of the linear type, i.e., thf're 
are no terms of higher than first decree in the 
dependent variable (the displacement). The 
linear type of differential equation possesses 
certain general properties which are valuable 
in quickly expres‘'ing the solution of such an 
equation. Fortunately, many types of oscilla- 
tory motion both macro-scale and micro-scale 
in which the amplitude i^ small can be ap- 
proximated by the linear oscillator. In cer- 
tain cases such as the human eardrum, the 
restoring force is not symmetrical about the 
equilibrium position, and the resulting differ- 
ential equation contains terms in the inde- 
pendent variable of higher than the first de- 
gree. Such an oscillator is said to be anhar- 
monic and the differential equation is said to 
he non-linear. ' 

OSCILLATOR, LINEAR HARMONIC. See 
oscillator, linear. 

OSCILLATOR, LINEAR TIME-BASE OF 

C.R.O. An oscillator whose output wave- 
form is a saw-tooth ])attern. 

OSCILLATOR, LOAD INDEX OF. The ra- 
tio of tlie total effective load eonduetanee to 
wln(‘h the oscillator is subjected to the load 
conductance which will cause oscillations to 
cease. 

OSCILLATOR, LOCAL. An oscillator wdiose 
output is mixed with a w'ave for frequency 
conversion. 

OSCILLATOR, LOCKED. An oscillator 

which is synchronized with some other oscil- 
lator. 

OSCILLATOR, MAGNETRON. An elec- 
tron tube in which elections are accelerated 
by a radial electric field between the cathode 
and one or more anodes, and by an axial mag- 
netic field that provides a liigh-energy clec- 
tron-stream to excite the tank circuits. 

OSCILLATOR, MAGNETOSTRICTION. An 
oscillator with the plate circuit inductively 
coupled to the grid circuit through a mag- 
netostrictive element, the frequency of oscil- 
lation being determined by the magneto- 
mechanical characteristics of tlie coupling 
element. 

OSCILLATOR, MASTER. An oscillator so 
arranged as tu establish the carrier frequency 
of the output of an amplifier. 


OSCILLATOR, MEACHAN BRIDGE. A 

very stable type of feedback oscillator (see 
oscillator, feedback) in which the output of 
the amplifier is coupled to the input through 
a four-ann bridge. One arm of the bridge 
contains a piezoelectric crystal for frequency 
control, while another arm contains a ther- 
mal ly-sensitive resistor for amplitude control. 
The remaining arms are fixed resi^^tors. This 
circuit is used in the very (‘onstant frequency 
oscillators of the Bell system. Bureau of 
Standards and the Greenwich Observatory. 

OSCILLATOR, MECHANICAL. A system 
of components capable of oscillatory motion. 
It is also jmssihlc to have oscillations in an 
electrical circuit wdth component'^ analogous 
to those in mechanical syst(‘ms, (See har- 
monic oscillator; electrical analogies in me- 
chanical systems.) 

OSCILLATOR, MEISSNER. An oscillator 
in which the grid circuit aiul plate circuit 
are inductively coupled through an ind(‘])en(l- 
ent tank circuit whi(‘h det(*rmincs the fre- 
(]uency. 

OSCILIATOR, NEGATIVE-RESISTANCE. 
An oscillator prodiici'd by connecting a i)aral- 
lel-tiined resonant circuit to a two-terminal 
negative-resistance device. (One in whicli an 
increase in voltage results in a decrease in 
current.) Dynatron and transitron oscilla- 
tors are examfiles. (See oscillator, dynatron 
and oscillator, transitron.) 

OSCILLATOR, NEGATIVE-TRANSCON- 
DUCTANCE. An electron-tube oscillator in 
wliich the output of the tube is coupled back 
to the input without phase shift, the phase 
condition for oscillation being sati’^fied by the 
negative transcondiictance of the tube. 

OSCILLATOR P ADDER. An adjustable 
capacitor employed in conjunction wuth the 
timing capacitor of a local o.sciIlator to assure 
satisfactory tracking. 

OSCILLATOR, PIIASE-SIIIFT. An oscil- 
lator produced by connecting any network 
having a phase shift of an odd multiple of 
180 ° (jier stage) at the frequency of oscilla- 
tion, Ix'tween the output and the input of an 
amplifier. When the phase shift is obtained 
by resistance-capacitance elements, the cir- 
cuit is an Pv-C phase-shift oscillator. 
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OSCILLATOR, PIERCE. An oscillator in 
which a piezoelectric crystal is connected be- 
tween the plate and the grid of a tube, in 
what is basically a Colpitts oscillator 
oscillator, Colpitts) with voltage division 
provided by the grid-to-cathode and the plate- 
to-cathode capacitances of the circuit 

OSCILLATOR, PIEZOELECTRIC. An os- 
cillator employing a piezoelectric crystal (see 
piezoelectric effect, direct) in its tuned cir- 
cuit in place of conventional inductive and 
capacitative elements. 

OSCILLATOR, PULSED. An oscillator 

which generates a carrier-frequency pulse or 
a train of carrier-frequency pulses. These 
carrier- frequency pulses may occur as the re- 
sult of self* generated or externally-applied 
pulses. 

OSCILI.ATOR, PUSH-PULL. A balanced 
oscillator employing two similar tubes in 
phase opposition 

OSCILLATOR, R-C. An oscillator in which 
the frequency is determined by roMstance- 
capacitance elements 

OSCILLATOR, RE-ENTRANT. A form of 
oscillator using tliree coaxial-line resonators 
which are effecliAely connected in seiies at the 
end of the grid cylinder. Feedback coupling 
is obtained through the ends of the grid-eath- 
oile line and the grid-jilate line, wdneh termi- 
nate in a common cathode-plate line. The 
frequency stability of this 0'>cillator is in. gen- 
eral inferior to that of a two-resonator oscil- 
lator with probe or loop coupling 

OSCILLATOR, REFLEX OR REPELLER 
TYPE OSCILLATOR. See klystron, reflex. 

OSCILLATOR, RELAXATION. An oscil- 
lator whose fundamental frequency is deter- 
mined by the time of chaiging or discharging 
of a capacitor or inductor through a resistor, 
producing wave forms which may bo rectangu- 
lar or sawtooth. These oscillators have very 
distorted wave shapes, giving various outputs 
such as square weaves, trapezoidal waves, tri- 
angular waves and pulses of very short dura- 
tion. These distorted waves have made them 
ideal for many control and triggering pur- 
poses in more elaborate electronic circuits. 
The relaxation oscillator may be easily syn- 
chronized with another oscillator or other 


source of voltage by injecting some of the 
other voltage into the relaxation circuit at the 
pro))er point. A simple, but widely used, re- 
laxation oscillator IS sliowm in the figure. 



Output 


Here the condensrr is ch.ugid tliroiigh the re- 
sistance iinlil the \oltjge across the thiyra- 
tion reaches the lireakdown value when it 
breaks dowm and discharges the condenser 
veiy raj)idly. The process is then repeated 
and the resultant voltage output is as shown. 

OSCILLATOR, RESONANT-LINE. An os- 
cillator in winch one or more sections of trans- 
mission line aie employed as tanks. 

OSCILLATOR, RETARDING FIELD (POSI- 
TWF-CRTD). An oscillator employing an 
el(‘f troll tube in winch the electrons oscillate 
back and forth through a grid maintained 
positive with lO'-pecI to tlie cathode and the 
plate. The frequency depends on the elec- 
tron-transit time and may also be a function 
of the associated fircuit parameters The 
field in the region of the giid exerts a retard- 
ing effect which draw\s electrons back after 
passing through it in either direction. Bark- 
hausen-Kurz and CUll-Morrell oscillators are 
examples. (Sec oscillator, Barkhausen-Kurz 
and oscillator, Gill-Morrcll.) 

OSCILLATOR, RING. An arrangement of 
tw'o or more pairs of tubes operating as push- 
pull oscillators (see oscillator, push-pull) 
around a ring, usually with alternate succes- 
sive pairs of grids and plates ccanected to 
tank circuits. Adjacent tubes around the ring 
operate in phase opposition. The load is sup- 
plied by coupling to the plate circuits. 
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OSCILLATOR STARTING TIME, PULSED. 
See pulsed oscillator starting-time. 

OSCILLATOR, SQUEGGING. An oscilla- 

tor whose amplitude builds up over several 
cycles of the oscillations, and then decays 
again to zcio, due to a blocking action on the 
grid of some tube The period between these 
oscillations is determined by relaxation oscil- 
lator action (See oscillator, relaxation.) 

OSCILLATOR, TRANSITRON. A nega- 
tive-traiibconductance oscillator employing a 
screen-grid tube with negative transconduc- 
tance produced by a relarding field between 
the negative screen grid and the control grid 
which serves as the anode 

OSCILLATOR, TRITET. A crystal-con- 
trolled, electron-coupled oscillator, Sme'e the 
output eurrent is rich in harmonics, il is fre- 
quently used as a frequency multiplier. 

OSCILLATOR, TUNED-GRID. An oscil- 
lator w'lth frequency dot ei mined by a paral- 
lcl-tun('d tank in the grid circuit eoupled to 
the plate to provide the required feedback. 

OSCILLATOR, TUNED-GRID, TUNED- 
PLATE. An oscillator having parallel-tuned 
tanks in both plate and grid eiieuits, the nee- 
essar>' feedback being obtained by the plate- 
to-grid iniereleetrode capacitance 

OSCILLATOR, TUNED-PLATE. An oscil- 
lalor with frequeney determined by a paral- 
lel-tuned tank in the plate circuit coupled to 
the grid to provide the requiied feedback. 

OSCILLATOR, ULTRAAUDION REGEN- 
ERATIVE. A fomi of (^Ipitts 0 ‘^cillator 
(obsolete). 

OSCILLATOR, VELOCITY-MODULATED. 
An electron-tube structure in wlneh the ve- 
locity of an electron stream is varied (veloc- 
ity-modulated) in passing through a resonant 
cavity called a buncher. F^nergv is extracted 
from the bunched electron stream at a higher 
energy level m pas'-ing through a second cav- 
ity resonator called the catcher Oscillations 
are sustained by coupling energy from the 
catcher cavity back to the buncher cavity. 

OSCILLATOR, WIEN BRIDGE. A phase- 
shift, feedback oscifi itor which employs a 
Wien bridge circuit the frequency-deter- 
mining elemeuL 


OSCILLIGHT. The name sometimes ap- 
plied to a kinescope. 

OSCILLOGRAM. The record produced by 
an oscillograph. (See oscilloscope.) 

OSCILLOGRAPH. (1) In older usage, a de- 
vice for producing a written or visible curve 
representing variable current, voltage or other 
electrical quantities. In one such device, elec- 
tric oscillations in a circuit caused electro- 
magnetic vibrations of a filament bearing a 
mirror which reflected a light-beam onto a 
moving photographic film Other such de- 
vices used cathode-ray tubes. These devices 
are more generally known today as oscillo- 
scopes, oven w^hen they produce a record. 

OSCILLOGRAPH GALVANOMETER. See 
galvanometer, oscillograph. 

OSCILLOSCOPE. The name generally ap- 
plied to a eathodc-ray device (c g , tube) used 
to proiliico a visible pattern, wdiieh is the 
graphical re])resentation of electrical signals, 
l)y ^aruitlons of the position of the focused 
spot or spots in accordance wuth these sig- 
nals The oscilloscope also may contain as- 
sociated am]difiers, sweep gc'iierators, and 
powder sup})lies (R('e kinescope; also lube, 
cathode-ray.) 

OSCILLOSCOPE, CATHODE-R VY. An in- 

stnimeiit wherein an applied signal causes the 
deflection of the electron beam in a cathode- 
ray tube, thus producing a visil)le trace on 
the phosphor screen of the tube. 

OSCILLOSCOPE, DEFLECTION POLAR- 
ITY OF. The relationship between the di- 
rection of displacement and the polarity of 
the applied signal w^’c in an oscilloscope. 

OSCUIATION, POINT OF. A singular 
point on a cuiw’e where the curve recedes from 
the tangent in both directions fiorn the ])oint 
of tangency. The conditions which must be 
met are the same as those for cusps. 

OSMIUM. Metallic element Symbol Os. 
Atomic number 76. 

OSMOMETER. An instrument used to meas- 
ure osmotic pressure. 

OSMOSIS. The passage of a fluid through 
a semipermeable membrane, due to osmotic 
pressure. 
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Osmotic Coefficient — Osmotic Pressure, Theories of 


OSMOTIC COEFFICIENT. A factor intro- 
duced into equations for nonideal solutions 
to correct for their departure from ideal be- 
havior, as in the equation; 

M = Mi” + ORT In xt, 

in which /a is the chemical potential, /x/ is 
a constant, representing a standard value of 
the chemical potential, i? is the gas constant, 
T the absolute temperature, Xi is the mole 
fraction of solvent, and g is the osmotic co- 
efficient. 

OSMOTIC PRESSURE. Pressure that de- 
velops when a pure solvent is separated from 
a solution by a scmipermeable membrane 
which allow^s only the solvent molecules to 
pass through it. The osmotic pressure of the 
solulion is then the excess pressure which iiiii-t 
be applied to the solution so as to prevent the 
passage into it of tlic solvent through the 
semipermcablc membrane. 

OSMOTIC PRESSURE, METHODS OF 
MEASUREMENT. In the Berkeley and 
Hartley method, a porous tube with a semi- 
penneable membrane such as coj^per feiro- 
eyarnde deposited near the outer wall, and a 
capillary tube attached at one end contains 
the pure solvent. The solution suiTOUiids the 
tube and is enclosed in a metal vessel to 
w’hich a pressure may be applied which is 
just sufficient to prevent the flow of solvent 
into tlic solution. Berkeley and TlarfUw al^o 
developed a dynamic method for measuring 
osmotic pressure. For the Frazer method, 
sec that entry. Simple osmometers have also 
been developed by Adair particularly for 
aqueous colloidal solutions. A thimble-type 
collodion membrane is attached to a capillary 
tube and contains the solution. When equi- 
librium is established the difference in level 
inside and outside the capillary is measured. 
Capillary corrections are made. For organic 
solvents a dynamic type osmometer may be 
used. A membrane of large surface area is 
clamped between two half cells and attached 
to each half cell is a fine capillary observa- 
tion tube. With such an apparatus, equilib- 
rium is rapidly established between solution 
and solvent contained in the half celjs. The 
volume of the half-cell may be small (about 
20 cm»). The level of the solvent is usually 
arranged to be a little below the equilibrium 
position, and the height of the solvent in the 
capillary as a function of time is measured. 


This procedure is repeated with the level of 
the solvent just above the equilibrium posi- 
tion. A plot is then made of the half-sum of 
these readings. 

OSMOTIC PRESSURE, RELATION TO 
LOWERING OF FREEZING POINT AND 
ELEVATION OF BOILING POINT OF 
SOLUTIONS. The relation betw’cen osmotic 
prcsl^ure and low'ering of the freezing point 
and the ch'vation of the boiling point may be 
expressed by the relation. 


LT 

n = — ^T 
vTo^ 


wdiere L is the molar heat of fusion or of va- 
porization of the .solvent, T the temperature 
at which the osmotic pressure is measured, 
To thV freezing point or the boiling point of 
the solvent, /“», the partial molar volume of 
the solvent, and IT, the osmotic pressure. 


OSMOTIC PRESSURE, RELATION TO 
LOWERING OF VAPOR PRESSURE OF 
SOLUTIONS. 


or 
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II = ~ -- Inxo = 


nr 

In (1 — x), 

V 


For dilute solutions 


II - cET 

w'herc II is the o'^inotic pressure, the par- 
tial molar volume of the solvent in the .solu- 
tion, the vapor jiressure of pure solvent, p 
the partial vapor jiressure of the solvent in 
equilibrium with the solution, Xo the mole 
fraction of the solvent, x the mole fraction of 
the solute, c the concentration of the solution 
in moles per liter, R, the gas constant, and 
Tj the absolute temperature. 

OSMOTIC PRESSURE, THEORIES OF. 

Because of the similarity in the relations for 
osmotic pressure in dilute solutions and the 
equation for an ideal gas, van’t Hoff proposed 
his bombardment theory in w’hich osmotic 
pressure is considered in terms of collisions of 
solute molecules on the semipermeable mem- 
brane. This theory has a number of objec- 
tions and has now been discarded. Other the- 
ories have also been put forward involving 
solvent bombardment on the semipermeable 
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membrane, and vapor pressure effects. For 
example, osmotic pressure has been consid- 
ered as the negative pressure which must be 
applied to the solvent to reduce its vapor 
pressure to that of the solution. It is, how- 
ever, more profitable to intcqiret osmotic 
pressure using thermodynamic relations, such 
as the entropy of dilution 

OSOPHONE. A receiver or headphone which 
transfers sound vibrations directly to the 
bone of the head. 

OSTWALD DILUTION LAW. See dilu- 
tion law, Ostwald. 

OTTO CYCLE. The possibilities of an in- 
ternal combustion engine which would oper- 
ate on the four-stroke cycle were analyzed m 
the nineteenth ccaituiv by de Rochas The 
action of an engine, whicli was at that time 
described only, i^ in all fundamental lespects 
the same as Unit used today Rhoitly after 
this inteinal combustion engine analysis was 
made, the (Rtituiti Otto built au engine which 
ojierated on the four-stroke eyele, and wliuh 
has come, since, to be called the Otto evele 
The Otto cycle is earned out by a scries of 
operations, namely, and in order; 

(1) Suction during outwuiid stroke of the 
piston 

(2) (Compression duiing iinvard stroke of 
the piston 

(3) Expansion during oiitwMid ‘-troke of 
tlic piston following ignition at inward 
dead center 

(4) Exhaust (luring inward stroke of the 
piston 

Although the first engines built by the Otto 
works were four-stioke cycle (four-cycle) en- 
gines, the Otto engine can be adapted to a 
two-stroke cycle (two-cycle) An engine 
which operates on the Otto cycle has consid- 
erable clearance volume (when the piston is 
on dead center) into wdiich the air and fuel 
drawn in on the suction stroke are compressed. 
As the piston pauses instantaneously on dead 
center position, the charge is ignited and com- 
bustion of the charge occurs at constant vol- 
ume. The heat added by this combustion 
greatly increases the pressure During the 
expansion stroke, tl is pressure is lowered, and 
a considerable aniO-*at of the heat is taken 
from the gas to be converted into work At 
the end of expansion, the pressure is dropped 


to the exhaust point, and the exhaust gases 
are pushed out of the cylinder, which is thus 
cleared for the next suction stroke. In the 
figure wdiich illustrate.^ the Otto cycle in the- 



ory and m i)ia(ti(c, I he c\(le is shown on 1h( 
])ressiiie-\olume plain* Tin* idt'al rv( h* h 
shown solid^ and d(‘paituies liom it, in ide by 
actual cycles, are '-liovvn dotted The ideal 
iour-stioke cycle is made up of two isovolu- 
metiie ehang(.s, one rt piC'-entmg the (‘onibus- 
tion of fuel at (‘onstant \olume, the other the 
rejection ot lu'at to the exhaust at constant 
\olimie, and two adiabatic (‘haiiges, one repre- 
senting the coinpie^'^ion of the charge, the 
othei the ])ower stroke Finally, then* are two 
coin( ident constant pressure changes, repre- 
‘‘cnting the ideal exhaust and suction strokes 
An actual w^oiking cycle will not have quite 
the same proccst>('s 

OUDEMAN, LAW OF. (Law of Landolt- 
Oud(*man ) The molecular rotations of the 
salts of optically active acids or bases always 
tend to a definite limiting value as the con- 
centration of the solution diminishes; e g , the 
soluble salts of a-bromosulfocamphonc acid 
show identical molecular rotations in hun- 
dredth normal solutions. 

OUNCE. A unit of mass in the avoirdupois, 
apothecaries', and troy systems. The apothe- 
caries' and troy ounces are identical. 

1 avoirdupois ounce *= 28.3495 grams 

1 avoirdupois ounce = 437.5 grains 
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1 troy or apothe- 
caries^ ounce = 31.1035 grams 

1 troy or apothe- = 

caries’ ounce = 480 grains. 

OUTGASSING. The evacuation process dur- 
ing the manufacture of vacuum tubes, for re- 
moval of as much air as })ossil)le hy heating 
all parts of the tabe to a high temperature. 

OUTER BREMSSTRAHLUNG. See brems- 
strahlung. 

OUTPUT ADXtITTANCE, TRANSISTOR. 
See transistor parameter 

OUTPUT CAPACITANCE (OF AN n-TER- 
MINAL ELECTRON TUBE). S(e capaci- 
tance, output (of an n-terminal electron 
tube). 

OUTPUT EQUIPMENT. 1 lie ecjuipmcnt 
used for obtaining information from a com- 
puter. 

OUTPUT IMPEDANCE. The impedance 
])resente(l by the transducer to a load 

OUTPUT, INSTANTANEOUS POWER. 

Tlie rate at \\hich eneigy delivered to a 
load at a particular instant. 

OUTPUT METER. An instrument used for 
iiuaisuring the out})ut of audio amplifiers. It 
C()l>l^ts of a rc'.sistor eouiiled to the amplifier 
llirough an iniiiedaiicc-matching transformer 
and a rectifier voltmeter connectoii across the 
resistor. The voltmeter is usually calibrated 
so it indicates the watts dissipated in the 
resistor either direct^ in watts or in decibels 
above some reference value. 

OUTPUT, PEAK POWER. The output 
power averaged over the radio-frecpiency cycle 
having the iiiaximiim penk value which can 
occur under any eoinbiiiation of signals trans- 
mitted. 

OUTPUT WINDINGS. Of a saturable re- 
actor, those windings other than feedback 
associated with the load and through which 
power is delivered to the load. (See gate 
circuit.) 

OUTSCRIBER. An output tran.scriber. 

OVAL WINDOW. An opening from the 
cavity of the inner ear to the middle ear. Mo- 
tion from the middle ear is carried through 


Outgassing — Ove rscanning 

the oval window by the action of the stirrup 
bone. 

OVERCAST. A term descriptive of the sky 
wlicn it is more than o covered with clouds. 
Viewed from on top (aircraft view) it is said 
to be undcrcast. 

OVERFLOW. (1) The condition which 
arises when the result of an arithmetic opera- 
tion exceeds the capacity of the number rcjire- 
s(‘nlation in a digital computer. (2) The 
carry digit arising from this condition. 

OVERGROWTH. The growth of a crystal 
ol one substance on the surface of a crystal 
of another. The con(liti^)n'^ for this are rather 
Ic'^s stringent than for the formation of a 
mixed crystal, but certain rc'lations between 
the rAdii and interatomic distances of the two 
eoiu])oiinds may he preferafile. 

OVERHEATING. Raiding the temperature 
of a hciiiid above its boiling point. Drops of 
water in oil may be oM'rheated to 140°C at 
atrnostiherie pressure without vaiiorizing. 

OVERLAP. ( 1 ) In some magnetic amplifier 
and rectifier circuits, the undesirable flow of 
current for a period after the supply voltage 
has gone to zero (and perhaps reversed) 
caused by energy stored in some circuit in- 
ductance. (2) fn a magnetic amplifier, the 
simultaneous conduction of the half \vave ele- 
ments during certain intervals of supply volt- 
age cycle. 

OVPIRI APPING. The coinciflenee of the 
long-wave end of a diffraction or interference 
spectrum wdth the short-wave end of the spec- 
trum of the next higher order; a source of 
confusion in .^jiectroscopy. 

OVERLOAD CAPACn Y. The current, volt- 
age, or power level beyond w'hicli permanent 
damage occurs to the device considered This 
is usually higher than the rated load capacity. 

OVERLOAD LEVEL. The overload level of 
a .systojn. component, etc,, is that level at 
which operation ceases to be satisfactory as 
a result of signal distortion, overheating, dam- 
age, etc. In electroacoustics the overload 
level is most freciuently set by signal distor- 
tion. 

OVERSCANNING. Deflection of the beam 
of a cathode-ray tube over an angle larger 
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than that which subtends the useful screen 
area. 

OVERSHOOT DISTORTION. See over- 
throw distortion. 

OVERTHROW DISTORTION. An excessive 
signal (onclition in facsimile. 

OVERTONE, (la) A physical component of 
a complex sound having a fiequoncy higher 
than that of the basic ficquency (lb) A com- 
ponent of a complex tone ha\ ing a pitch higher 
than that of the fundamental pitch (Ic) The 
term “overtone’^ has frequently been used m 
place of “harmonic,” the 7dh harmonic being 
called the {n — l)st o\ertoiie There is, how- 
ever, ambiguity sometimes m the numbering 
of components of a complex sound when the 
word overtone is employed Moieover, the 
woid “tone” has many different meanings so 
that it is preferable to employ terms which 
do not involve “tone” wherever possible 
(2) In a mechanical vibrating system with 
a set of noTinal modes of oscillation (for ex- 
ample, a vihiating stung or organ pipe) an 
o\crtono is a mode of frequency higher than 
the fundamental. The fiist overtone is the 


mode of frequency next higher than the funda- 
mental, etc. (See harmonic.) 

OVERTONE BAND, FIRST. See band, first 
overtone. 

OVERTONE BAND, SECOND. See band, 
second overtone. 

OVERVOLTAGE. (1) The excess of ob- 
MT\cd decomposition voltage of an aqueous 
electrolyte over the theoretical reversible de- 
composition voltage (2) In radiation counter 
tubes, the amount by which the applied volt- 
age exceeds the Geigcr-Mueller threshold. 

OVERVOLTAGE, BUBBLE. The overvolt- 
age absoeiated with visible evolution of gas, 
eg, hydrogen bubbles at the cathode. 

OWEN BRIDGE. Sc e bridge, Owen. 

OXIDATION POTENTIAL. The potential 
drop involved in the oxidation (i c , ioniza- 
tion) of a neutial atom to a cition, ot an anion 
to a neutral atom, oi of an ion to a more highly 
charged state (eg fcuous to feme) 

OXYGEN. CicC-eous element Syii^jol O 
Atomic number 8. 


p 


P. (1) Pressure (P or p), total pressure (P), 
vapor pressure (p), static pressure (Po), vary- 
ing pressure (p), critical pressure (pc), os- 
motic pressure (p, but n is preferred). (2) 
Power (P), ])late po\^er (Pp), input power 
(Pi), output power (Po), average po\\er (P), 
radiant power or flux (P). (3) Electric po- 

larization (P) , polarization, surface or strength 
of double layer (P,), i)artial potential coeffi- 
cient (p). (4) Electric nionient (p) (5) 

Generalized mornentuin (p). (6) Probability 

(P). (7) Phosphorus (P). (S) Amplitiule of 

suiiple harmonic sound jiu'^sure (P). (9) Dis- 
tance from principal plane of a lens system to 
Iirincipal plane of a unit (/>„) (10) In spec- 
troscopy, part of band structure (/)). (11) 

Type of electron with an azimuthal quantum 
number of 1 (p) (12) Spectral tenn symbol 

for L-\alue of 1 (P) (13) Absolute' value of 

vibronir angular momentum of polyatomic 
molecule (P), in cases of electron sfiin zero 
or loosely-coupled, K should be used (14) 
Proton (/)) 

P-A. Abbreviation for pulilic addicss. 

P-BRANCH. y(‘(' Fortrat parabola. 

P-ELECTRON. An electron characterized 
by having a pniicijial quant uin number of G 

P-SHELL. The collection of electrons char- 
acterized by the ])rincijml quantum number 
six. The P-shell is started with the element 
cesium (atomic number = 55), which has one 
electron in its P-shell, and the P-shell is not 
completed, as far as is known, even with the 
transuranic element of atomic number 101 
(mendelovium) 

P-SPACE. The same as momentum space. 
P is the symbol often used for momentum, or 
its analogue, crystal momentum. 

p-n HOOK. A current multiplving device in 
certain types of transistor, whereby a thin 
region of p-type material is sandwiched be- 
tween regions of n-type material in such a 
way as to create a potential “hook,” where 


holes are trapped and greatly enhance the flow 
of electrons. 

p-n JUNCTION. The l)oundar>^ surface be- 
tween p-type and n-type semiconducting ma- 
terial, produced by Miiying the impurities 
during the growth of a single crystal from 
the melt. 8uch junction'^ have slrong rectify- 
ing properties, the forward current being ob- 
tained when p is positive to r\ This is readily 
expiated on an energy band picture, and is 
of great importance in the tiieory and applica- 
tion of transistors. 

P-TYPE SEMICONDUCTOR. A semicon- 
ducting material where the current is carried 
largely by positively-charged holes, due to 
the presence of acceptor impurities. 

PACKAGED MAGNETRON. See magne- 
tron, packaged. 

PACKING. The gathering or compression of 
material or inateiial jrartiole^ into a relatively 
confined space. 

PACKING FRACTION. The ratio of the 
mass defect to 1lie mass number of a nuclide. 
The packing fi ictioii i elated to the* binding 
energy (.>^00 binding energy, nuclear) through 
the mass-energy relation. 

PACKING, NUCI.EAR. Tin* concentration 
of particles within the nucleus of an atom. 

PAD. A fixed attenuator. 

PADDER. See oscillator, padder. 

PAIR PRODUCTION. The conversion of a 
photon into an electron and a positron when 
the photon traverses a strong electric field, 
such as that surrounding a nucleus or an elec- 
tron. The electric charge is conserved, since 
the electron and positron have charges of 
equal magnitude and opf)osito sign. Of the 
energy hv of the photon, a part, 2 /r 2 fC^j is ac- 
counted for by the energy equivrlent of the 
rest mass of the resulting electron-positron 
pair. If the electric field traversed is that of 
a nucleus, the quantity 2meC^ is approximately 
847 
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the threshold energy; the excess, hv — 2meC^, 
then appears as tlie kinetic energies of the 
electron and positron. If tlie electric field 
traversed is that of an electron, this electron 
itself acquires large kinetic energy and the 
threshold energy is then ]3reeisely 4meC^. Pair 
production is one of three distinct processes 
by which a photon can effect the emission of 
an electron from matter, the other two proc- 
esses being the photoelectric effect and the 
Compton effect. 

PAIR-PRODUCTION ABSORPTION. Ab- 

soiption of photons, such as y-rays, in the 
process of pair production. 

PAIRED ECHO. A method of analyzing the 
effects of phase distortion, which represents 
the presence of a non-ideal, phase character- 
istic by two small echo signals. 

PAIRING. In television, an effeet in wdiich 
the lines of one field do not fall exactly be- 
tween the lines of the n(‘\t field. When the 
effect is pronounced, the lines of the two fields 
fall directly over each other, effectively reduc- 
ing the vertical definition by half. 

PALLADIUM, Metallic element. Symbol 
Pd. Atomic number 40. 

PANCHROMATIC. As applied to photo- 
graphic emulsions, panchromatic means sensi- 
tive to all visible radiation, but not necessarily 
equally sensitive to all different visible wave- 
lengths. 

PANETH RULE. Adsorption of radio-ele- 
ments is promoted by formation of an insol- 
uble corn})ound with the adi^orbing substance, 
especially when the radio-clement is present 
in a negative radical. 

PANORAMIC RECEIVER. See receiver, 
panoramic. 

PAPPUS, THEOREMS OF. Theorems relat- 
ing centroids of curves and areas and volumes 
of revolution. (1 ) When a plane curve rotates 
about an axis in its own plane which docs not 
intersect it, the area of the generated surface 
of revolution is equal to the product of the 
length of curve by the length of path of its 
centroid. (2) When a plane area rotates 
about an axis in its <)wn plane which does not 
intersect it, the voliu le generated is equal to 
the product the area by the length of path 
of its centroid. 


PARA-. A prefix used to distinguish between 
isomers or nearly related compounds. Spe- 
cifically, the prefix has been used to designate, 
in the case of gaseous elements having di- 
atomic molecules, the form in which nuclei 
have anti-parallel spins, as distinguished from 
the ortho-stale, in wlii(‘li the two nuclei have 
parallel spins. Para-molcculcs have even ro- 
tational levels in the ground slate, whereas 
ortho-molccules have odd rotational levels. 
The twm states are prc.senl in varying propor- 
tions, depending on the temperature, as ex- 
emi)lified by ortho- and para-states of liydro- 
gen. irow('V(‘r in helium the ortho- and para- 
states are characterized by a particular mode 
of coupling of ('lectron spins. (Sec orthohe- 
lium.) 

PARABOLA. A conic section obtained by a 
cutting ])lane parallel to an element of a right 
circular conical surface. It is the locus of a 
j)oint which moves so that its distance from 
the directrix erpials its di'^tance from the focus, 
thus the eccentricity is unity. 

The standard CMpialion in rectangular Car- 
tesian coordinates is ^ 

= 2px. 

The coordinates of its focus are x -- p/2, ?/ - 0 
and its directrix is paiallel to the Y-axis at 
X = - p/2. The straight line through the 
focus and perpendicular to the directrix is 
the axis of the parabola. The point where the 
parabola crosses tlie axis is the vertex. When 
the curve is placed in its standard position, 
the axis is the A'-axis and the vertex is the 
coordinate origin. 

The latus rectum of the parabola has length 
2p. Its center is at infinity, hence it is a non- 
central conic. 

PARABOLA, CUBICAL. A plane curve rep- 
resented by the eciuation y — kx^. There is a 
point of inflection at the origin and the A"-axis 
is tangent to the curve at that point. 

PARABOLA, SEMI-CUBICAL. A plane 
curve represented by the equation = kx^. 
There is a cusp of the first kind at the origin, 
where the A-axis is a double tangent. 

PARABOLIC CABLE. A flexible cable, gen- 
erally used as a supporting member for a dis- 
tributed horizontal load. The load is applied 
by means of vertical cables, equally spaced 
horizontally along the length of the cable. 
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It can be shown by analysis that the cable 
will assume a parabolic shape under such 
conditions. The suspension bridge is a com- 
mon example of the parabolic cable. 

PARABOLIC COORDINATES. In a limit- 
ing case of confocal paraboloidal coordinates, 
only two surfaces result. There arc two fam- 
ilies of parabolas with common foci at the 
origin of a rectangular coordinate system, one 
extending toward the positive and the other 
toward the negative Z-direction. Rotate the 
families about this axis to obtain paraboloids 
of revolution (^, = const.) and add planes 

from the Z-axis {<f> = const.). The position 
of a point is then given by 

X = tn 0 
y = sin 0 

2 = W - ?")■ 

PARABOLIC CYCLINDRICAL COORDI- 

NATES. A curvilinear system similar to para- 
bolic coordiiiatc.s with coordinaie surface^ con- 
sisting of two families which are ])arabolic 
cylindrical (i, rj = const.) and a family of 
planes {z -- const.). A point in this system 
is given by 

X == 

y = Hr - f) 
z = z. 

PARABOLIC MICROPHONE. S( e micro- 
phone, parabolic. 

PARABOLIC MIRROR, OFF-AXIS. Sec off- 
axis parabolic mirror. 

PARABOLIC PARTIAL DIFFERENTIAL 
EQUATION. A sjiecial case of the general 
partial differential equation where IP{x,y) - 
A(xjj)(' (x,y) for all x,y. There is only one 
set of characteristic curves given hy Ady - 
BdXj having the solution X ~ constant. The 
normal form is then 

dyp d\l/ 

= K(x,X) -- + L{x,\) — + 

dx^ d\ dx 

d^yp dp 

The diffusion equation, — - — or — , w)iere i is 
^ dj-2 dt 

the time, is an example of this type. Diriehlot 
conditions on a boundary open at tlie end 
towards inereasing t assure a unique solution. 

PARABOLOID. A non-central quadric sur- 
face described by tlie equations 


c 

With the upper sign, the surface is an elliptic 
paraboloid. Sections parallel to the XZ- and 
TZ-planes are jiarabolas; sections parallel to 
the A'F-planc iit z — k arc ellipses if k/c is 
positive but the locus is imaginary if k/r is 
negative. When a — b, the elliptic sections 
become circles and the quadric is a surface 
of revolution which could be obtained by 
rotating a parabola about the Z-axis. 

A hyperbolic paraboloid results when a 
minus sign is taken in the e(|uation for the 
surface. Sections parallel to the XZ- and 
yZ-planes are parabolas; sections parallel to 
the A'F-phinc arc hyperbolas. When placed 
in its standard ])osition, as shown hy the cfpia- 
tioii, f}i(‘ origin of the coordinate syi^tem is a 
saddle point for the hyperholie paraboloid. 
No surface of revolution is obtained in this 
case. 

PARABOLOID(S), CONFOCAL. If one 

menilxT of a (‘oufocal quadric .system becomes 
a paraboloid, all thri‘e of the surfaces are 
paraboloids. The equation for this case may 
he taken as 



when' A > R. Wlien q > A or q d By the 
surfaces are elliptic paraboloids with vertex 
on the Lcgidive and j)().sitive Z-axis, respec- 
tively; wlien A > f/ > B, the surfaces are hy- 
perbolic paraboloids. 

PARABOLOIDAL COORDINATES. A cur- 
vilinear coordinate system of confocal parab- 
oloids. If Xj fi, r arc th(' real roots of a cubic 
equation in a parameter describing such sur- 
faces, they are elliptic paraboloids (Xy fi — 
const.) ; — CO < A < < v < oo and hy- 

perbolic paraboloids - const.), 6^ < /i < 
w'here a b ^ r are also constants. 

As in the case of ellipsoidal coordinates a 
con^'cntion is needed for the sign of the co- 
ordinates. They are related to rectangular 
coordinates hy the equations 

2 - v) 

" (6=* - «*) 

^ (b^ - - v) 

(a® _ h^) 

z =* + 6^ — X — /» — v). 


Farachor — Parallelepiped 
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FARACHOR. A constant relationship, for a 
given substance, between surface tension and 
density. This relationship is of the form 



PI — Pg 


in which [P| is the parachor; M is the molec- 
ular weight; y is the surface tension of the 
substance, in hcjuicl form, at a given tempera- 
ture; and pi and pg are the densities of the 
iKpiid and vujior at that same temperature 

Fiom the foimula above, it follows that the 
f)arac}inr of a substance is proportional to its 
molecular volume, an additive property The 
paraclioi lias been used in deciding the struc- 
ture of molecules and polymers It must be 
used with caution, ho^^eveI, and a number of 
anomalies are known. 

PARA-CURVE CONE. A curvilinear cone. 

PARALLAX. As an observer moves about, 
the relative positions of distant objects seem 
to change This apparent change of position 
of distant objects, <lue to the actual change 
of position ol the observer, is technically 
known as paiallax; and the amount of appar- 
ent shift IS known as the parallactic shift. 
The amount of parallactic shift is inversely 
proportional to the distance of the objecl 

In taking readings of iiislruinent"' employ- 
ing scales and jiointers, care must be taken 
that the eyc' of the obser\er and the pointer 
are both in a line perpendicular to the plane 
of the scale To facilitate this, many instru- 
ments have a mirror in the plane of the scale 
so that the observer may eliminate parallax 
eirors by bunging the lefleeted image of hi'^ 
eye eoinrident with the jiointer and its le- 
fleeted image 

In focusing optical instnmieiits w’hich in- 
clude cross-hair lines m the focal plane, the 
method of parallax is piobably the best means 
of adjustment The ocular fir^t focused 
until a clear image of the cross-hairs is ob- 
served, then tlie objective lens is adjusted un- 
til the image of the object being observed 
show^s no parallax wdicn the eye is moved 
back and forth acios.s the exit pupil. This 
insures that the real image and the cross- 
hairs are in the same plane 

In astronomy, tl • parallax of a star is a 
measure of the amount by which the position 
of the star scries with respect to very distant 
stars as the earth moves through half of its 


orbit, correction for the effects of aberration 
having been made. The unit is the parsec, 
which is the distance of a star at which the 
earth’s orbit subtends an angle of one second 
of arc. 

PARALLEL ARITHMETIC UNIT. A com- 
puter unit in wliich separate equipment is 
provided to operate (usually simultaneously) 
on the digits in each column. 

PARALLEL AXES, THEOREM OF. The 

moment of inertia of a rigid body about any 
axis is ccpial to the moment of ineidia about a 
paralh'l axis through tlie center of mass plus 
th(* luoduet of the ina^s of the body and the 
sfpuiK of the p(‘i j)endieiilar flistanoe between 
the two axes. 

PARALLEL CONNECTION. Network ele- 
ments are said to be connected in parallel if 
a common voltage appears across; them. 

PARAIXEL CUT. A Y-cut (Sec crystal, 
Y-cut.) 

PARALLEL DISPLACEMENT. Sec affinely 
connected space. ^ 

PARALLEL ELEMENTS. (1) Two-tei minal 
elements are eoimeclod in jiarallel when tliey 
are eonru' ded betwi'cn the same jiair of nodes. 
(2) Two-terminal clemeiiis aie couTU'cted m 
paiallol when any cut-set including on(' must 
include the others 

PARALLEL FEED. Set shunt feed. 

PARALLEL-PLATE COUNTER CHAM- 
BER. Se(‘ counter chamber, parallel-plate. 

PARALLEL RESONANCE. Sec resonance, 
parallel. 

PARALLEL-ROD OSCILT.ATOR. See oscil- 
lator, parallcl-rod. 

PARALLEL TRANSMISSION. The h>stem 
of information t^an^mls^lon in w^hieh the char- 
acters of a woid aie transmitted (usually si- 
multaneously) o\QV sejiarate lines, as con- 
trasted to serial transmission. 

PARALLEL TWO-TERMINAL PAIR NET- 
WORKS. Two-terminal pair networks are 

connected in parallel at the input or at the 
output tenninalb when their respective input 
or output terminals are in parallel. 

PARALLELEPIPED. A polyhedron with 
parallelograms as faces. Thus a prism writh 
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parallelograms as bases. Its volume is con- 
veniently written as the scalar triple product 
[ABC], where A, B, C are three vectors de- 
scribing the edges of the parallelepiped. 
Sometimes called a parallelepipedon. 

PARALLELISM, DISTANT. Sec distant 
parallelism. 

PARAMAGNETIC. Offering less reluctance 
to the passage of magnetic flux than does air, 
and hence capable of being attracted by a 
magnet. Paramagnetic substances have, in 
other words, magnetic permeabilities greater 
than 1. 

PARAMAGNETIC ELEMENT. An ele- 
ment having a relative permeability slightly 
greater than unity, usually between 1.000 and 
1 001. Paramagnetic is sometimes used to 
include ferromagnetic. Ferromagnetic mate- 
rials (which may be called just “magnetic” 
materials) usually have permeabilities con- 
siderably in excess of unity and exhibit hys- 
teresis effects. 

PARAMAGNETIC RESONANCE IN LOW 
TEMPERATURE TECHNOLOGY. The use 

of centimeter wave tcchniciues for investigat- 
ing the ground-state energy-levels of para- 
magnetic atoms in a magnetic field. 

PARAMAGNETIC SUSCEPTIBILITY, 
LANGEVIN THEORY. The average mag- 
netic moment of an asbem])ly of magnetic 
dipoles in the magnetic field is calcdated 
from the Langevin function, that is, as If each 
were a magnet capable of any orientation in 
the field but subject to averaging over a 
Boltzmann distribution. The result is 

X == Nn-/wr 

where fi is the moment of each atom, N is the 
number of atoms per unit volume, and k is 
the Boltzmann constant. The relation does 
not hold except at very low temperatures. 

PARAMAGNETIC SUSCEPTIBILITY OF 
CONDUCTION ELECTRONS. It was shown 
by Pauli that the free electrons in a metal 
should show a paramagnetic susceptibility of 
amount (per unit volume) 

where fis is the Bohr magneton, Tf the Fermi 
temperature^ N the number of electrons per 


unit volume and k Boltzmann’s constant. 

This is the contribution to the total suscepti- 
bility due to the spins of the electrons; from 
it must be subtracted the diamagnetic sus- 
ceptibility. According to the band theory of 
solids, Xs *^bould be changed from the free 
electron value in projiortion to the effective 
mass of the electrons. 

par:Amagnetism, quantum theory 

OF. Certain atoms, ions and molecules con- 
tain electrons wilh in])aired spins. Such elec- 
trons may also be in states whose orbital 
angular momenta are not compensated. In a 
magnetic field // the energy levels correspond- 
ing to the two directions of spin will be split 
by the amount 

AE giJiiJi 

• 

where ilr is the Bohr magneton and g is the 
Landc factor for the paiticular state con- 
cerned. If there are, as there ma}'’ well be, J 
levels, all equally spaced, the magnetization 
is then ghen hy 

M = NgJnj^Bj{x) -> NJ{J -f 

where x = gJ^uH/kTy and Bj is the Brillouin 
function, whence the suscepti))ility can be cal- 
culated. The theory for the rare earth ions, 
and other eomplieated atoms is very complex, 
and requires a (lt‘(ailtd consideration of the 
spin-orbit coupling, crystal field, and all the 
apparatus of the Ihecny of spectral terms. 

parameter. An arbitrary constant, as 
distinguished from a fixed or absolute con- 
stant. Any desired numerical value may be 
given to a parameter. 

PARAMORPH. One of two or more formis 
of a substance wdiich have the same chemical 
composition but differ in certain properties. 

PARAPHASE AMPLIFIER. See amplifier, 
paraphase. 

PARAPOSITRONIUM. The state of posi- 
tronium in w'hich the spins of electron and 
positron are antipara llcl. The Is state an- 
nihilates into two gamina-ra^'s wdth a mean 
life of 1.25 X 10' sec. if one of these 
gamma rays is polarized in a particular plane, 
the other is polarized in a perpendicular plane. 

PARASITIC CAPTURE, Any absorption of 
a neutron which does not result in either a 
fission or the production of a desired element. 


Parasitic Element — Partial 
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PARASITIC ELEMENT. A radiating ele- 
ment, not coupled directly to the feed line of 
the antenna, which inat(Tially affects the ra- 
diation pattern of the antenna. 

PARASITIC OSCILLATIONS. See oscilla- 
tions, parasitic. 

PARASITIC SUPPRESSOR. A device placed 
in a circuit to prevent parasitic oscillations 
(see oscillations, parasitic). One coinmonly- 
used device is simply a resistance of relatively- 
low magnitude inserted directly in scries with 
a tube-electrode at the socket. 

PARA-STATE. (1) In diatomic molecules, 
such as hydrogen molecules, the para-stat(‘ 
exists wdien the spin vectors of the two atomic 
nuclei are in opposite (i.e , antiparallel) di- 
rections, forming a singlet state, S = 0, where- 
as the ortho-state is the one in wdiieh the nu- 
clei are spinning in the same direction. (2) 
In helium, the para-'^tate is a state character- 
ized by a particular mode of couiiling of the 
electron spins (see parhelium). 

PARAXIAI. RAY. A ray wdiich makes a very 
small angle only with the ojitical axis of an 
optical system, and lies close to the axis 
throughout its length 

PARAXIAL SINGLE-SURFACE EQUA- 
TION. For a spherical optical surface scjia- 
rating two media 


n n' -- n 



Here n and n' are the indices of refraction, 
B and the object and image distance from 
the \citcx of the surface, and r is the radius 
of curvature of the surface. In terms of the 
focal length of the surface, the above equation 
becomes 

n 7i' n 7i' 

s s J r 

If distances of object and image are meas- 
ured from their focal points, the equation 
takes the Newtonian form xx' = //'. 

PARENT. A radionuclide that yields a 
specified nuclide upon disintegration, either 
directly or as a later member of a radioactive 
series. 

PARENT PEAK OR PARENT MASS PEAK. 

That component of a mass spectrum which 
results from the undissociated molecule. 


PARFOCAL. With the lower focal points all 
in the same plane; said of sets of eyepieces 
so mounted that they may be interchanged 
without varying the focus of the instrument, 
as a telescope, with which they are used. 

PARHELION. One of the bright spectrally 
colored spots, commonly called ^^&un dogs,^^ 
which appear about 22° above and below the 
sun due to refraction of sunlight by minute 
ice-crystals in the air. 

PARHELIUM. One group or system of terms 
in the spectrum of helium that is due to atoms 
111 w'hich the spin of the two electrons are o])- 
posing each other. Another group of spectral 
terms, the orthohelium terms, is given by 
those helium atoms whose two electrons ha\e 
parallel spins. 

PARITY. A symmetry property of a wave 
function; the parity is 1 (or even) if the w^ave 
function is unehanged by an inversion (re- 
flection in the origin) of the coordinate sys- 
tem, and —1 (or odd) if the wave function is 
changed only in sign. All nondegimerate sta- 
tionary states have a definite juirity^ 

PARKER-WASHBURN BOUNDARY. A 
grain boundary chosen so that it consists of 
a single ^rray of dislocations, and observed 
through a microscope by oliliqiic illumination 
on a cleavage surface The motion of this 
boundary iindiu* stress is equivalent to the 
motion of each '-ingle dislocation. 

PARSEC. A unit used in expressing astro- 
nomical distances. To an object at a distance 
ol ont* parser, the mean distance from the 
earth to the sun (one astronomical unit) sub- 
tends an angle of one second. In other w^ords, 
the helioceninc parallax is the reciprocal of 
the distance in parsecs One parsec is about 
19.2 X 1012 miles. 

PARSEVAL THEOREM. See Bessel inequal- 
ity. 

PARTIAL. (1) A physical component of a 
complex tone (see tone, complex). (2) A 
component of a sound sensation which may 
be distinguished as a simple tone (see tone, 
simple) that cannot be further analyzed by 
the ear and which contributes to the character 
of the complex sound. The frequency of a 
partial may be either higher or low’cr than 
the basic frequency and may or may not be 


653 


Partial Carry — Partition Noise 


an integral multiple or submultiple of the 
basic frequency (see frequency, basic). If 
the frequency is not a multiple or submultiple, 
the partial is inharmonic. 

PARTIAL CARRY. In computer terminol- 
ogy, H system of executing the carry process, 
in wliich the carries that arise as a result of a 
carry an' not allowed to propagate. 


PARTIAL PRESSURE. The pressure exerted 
by each component in a mixture of gases. 
(See law of Dalton.) 

PARTIAL WAVE. The component of the 
wave function in a scattering process corre- 
sponding to a given angular momentum. 

PARTICLE, ELEMENTARY. See elemen- 
tary particle. 


PARTIAL DIFFERENTIAL EQUATION. 
Partial derivatives of the unknown function 
are inxolved. The general linear second-or- 
der partial differential equation in twm vari- 
ables is 


A(x,y) --- + Bix,y) — - + C(x,y) 
dxdy 


d? 


dy^ 


df (if 

= D{x,y) -- + E{x,y) - 
dx dy 


+ r;(.r„v)/ + ir(x,y) 

The two familios of cum’h jiro j;i\('n hy 
A, hi = f/t i- - AC)]' (lx, 


PARTICLE, MATERIAL. A necessaiy con- 
cept \vhich is introduced when developing the 
fundamental principles of mechanics. A ma- 
terial iiarticlc is characterized by the prop- 
erties of mass and an observable position in 
public siiac(' and time. It does not possess 
the property of geometrical extension. From 
the standpoint of mechanics, matter is con- 
sidered to l)e made u]) of an aggregate of 
particles. 

PARTICLE MECHANICS. See Newton 
laws of motion; rectilinear motion of a par- 
ticle; centrifugal force; centripetal force; uni- 
form motion in a circle; mechanics; kine- 
matics; and Coriolis effects. 


having solutions A, /jl — constant, are the fami- 
lies of characteristic curves. When the dif- 
f(‘r(‘iili:d (‘filiation is reuritten with A, ft as 
indepf'Tidf'nt variabh's, tlu' ('quation is in nor- 
mal form. The three eases arising are el- 
liptic, hyperbolic, parabolic partial differen- 
tial equations, ''riu' boundary conditions ap- 
})ropriale to the Aarious forms are dinc'reiit 
Imt they are always needed to fix the func- 
tional form of the solution. Problem*? dealing 
with the physics of fields u-^ually lead to par- 
tial differential ('(luations. (See equations of 
mathematical physics.) 

PARTIAL MOLAR QUANTITY. If A is any 

oxt('nsive pr(')perty of a system of components 
with moles of the first component, iio of the 
second, etc., then the pariial molar quantities 
are defined by 


PARTICLE VELOCITY. See velocity, par- 
tide. 

PARTITION FUNCTION. An expression 
giMng the distribution of molecules in dif- 
fi'reiit energy states in a system 

where Z is tlie jiartition function, q, the sta- 
tistical wx'ight of the rth state of energy cr, k 
is the Boltzmann constant, T, the absolute 
temperature, and the summation is taken over 
all the energy states of the system. The 
energy levels cr may be those attributed to 
rotation, translation, vibration or electronic 
energies, etc. In the case w'here these can be 
treated as independent in tiic given system, 
the complete partition function of the system 
may he written 


ax ax 

Xi = ’ X2 = — ’ • • • etc. 

dny a?i2 

Xi, X2 • • • are intensive properties of the System. 

It can be further shown that the total prop- 
erty of the whole system is given by 

X = riiXi + 712X2 H . 


Z = Zrot X Ztrans X X Z,j,,t X « * * 

where Z,ot- Ztransi Zejaty are the rotational, 
translational, vibrational, and electronic par- 
tition iunctions. The partition function is re- 
lated to the Cdbbs free energy and the Helm- 
holtz free energy. (Sec free energy (1) and 
free energy (2).) 


PARTIAL NODES. See nodes, partial. PARTITION NOISE. See noise, partition. 


Pascal Law — Patterson-Harker Method 
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PASCAL LAW (LAW OF THE TRANS- 
MISSIBILITY OF PRESSURE). A result 
which may be obtained by considering the 
hydrostatic equilibrium of an incompressible 
fluid in a gravitational field. The law states 
that the pressure difference between two points 
in the fluid dcjiends only on the liquid den- 
sity and the difference of level. 

PASCAL RULES. The diamagnetic suscep- 
tibility of a conifilex molecule may be esti- 
mated from the sum of the atomic suscepti- 
bilities of the constituents, together with a 
correction factor which dei^cnds on the nature 
of the bonds between tlie atoms. 

PASCHEN-BACK EFFECT. Witli increas- 
ing magnetic field strength, the magnetic 
splitting in spectra increases and finally ex- 
ceeds the multiplet splitting. Under' these 
conditions, as observ'ed by Paschen and Back, 
the anomalous Zeeman effect (sec Zeeman ef- 
fect, anomalous) changes over to the normal, 
due to the fact that the L/S-coupling is broken, 
and each of the vectors S and L prc'cesses 
about the direction of tlie magnetic field. As 
a r(‘sult, each of the vectors is quantized se])a- 
rately, the L-veo(or giving rise to h'vels of 
quantum number Mj, = L, L — 1, •••, — L, 
and the ^S-veetor to leveN of quantum num- 
ber M,s - - 1, •••, -S, 

PASCHEN BOLOMETER. A ver>^ small 
thermopile with a trijile junction of bismutli- 
cadmium, silver, and cadmium-antimony, so 
suspended that a current causes rotation in a 
magnetic field. 

PASCHEN, LAW OF. The sparking poten- 
tial between electrodes in a gas depends on 
the length of the ^park gap and tlie ])ressurc 
of the gas in such a way that it is directly 
proportional to the mass of gas between the 
two electrodes, i e., the sparking potential is a 
function of the pressure times the density of 
the gas. 

PASCHEN MOUNTING. A method of 
mounting a concave diffraction grating in 
which the slit, grating and a curved track 
representing part of the Rowland circle are 
fixed in position. The plate-holder may he 
placed anywhere on the track, and the spec- 
trum will be in focus. 

PASCHEN SERIES. A series of lines in the 
infrared region of the emission spectrum of 
atomic hydrogen. The wave numbers of the 


lines in this series are given by the relation- 
ship: 


where v is the wave number in reciprocal cen- 
timeters, /?// is the Rydberg constant for hy- 
drogen (109,677.591 cm“^), 7ii is 3, and n 2 
has various integral values greater tlian 3. 

PASS BAND (OF A FILTER). That band 
of frequencies which arc passed \\ith little or 
no attenuation. 

PASSIVE TRANSDUCER. See transducer, 
passive. 

PASSIVITY. Iron, cobalt and nickel anodes 
exhibit the phenomenon of passivity. Under 
electrolysis, the current and dissolution of the 
ano<le increase with applied emf up to a cer- 
tain point; beyond this (higher emf) the cur- 
rent droj^s abruj^tly and the anode practi- 
cally ceases to dissolve. It is then ^aid to be 
in the passive state. 

PASSIVITY, CHEMICAL. Passivity ran be 

induced vitliout tlie action of electric Current 
If iron is di]>ped into comaailraf ed nitric acid, 
it soon ceases to dissohi', and lias become 
l)a'-si\e The iron will no longin- displace 
silver from solution, for e\ain])le Stainless 
steel is an examjile, in wdiieli exi)osure to air 
renders the alloy passive. 

PASSIVITY, MECHANICAL. The incom- 
plete jiroteetion of an anode against disso- 
lution, by a visible (i.e., thick) film of an in- 
soluble compound, as in the sulfation of lead- 
acid storage batteries. 

PASSIVITY, THEORIES OF. Passivity ap- 
pears to bo due to a thin layer of oxide on the 
passive metal. A number of tlieories have 
liecn ]>rojiosed to explain the formation of 
this film and the manner in which it protects 
the metal. 

PAST OF AN EVENT, ABSOLUTE. See ab- 
solute past of an event. 

PATCHCORD. A cord containing plugs on 
either end for making interconnections on a 

jackfield. 

PATCH PANEL. A jackfield. 

PATTERSON-HARKER METHOD. A 
technique of x-ray analysis of crystal stnio* 
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ture, based upon the fact that the square of 
tlie absolute value of structure factor Fihkl) 
is a measure of the reflecting power of the 
corresponding plane, and can be transformed 
to give a vectorial representation of the inter- 
atomic distances in the crystal. 

PATTERSON MAP. In the Patterson-Harker 
method of deteniiining crystal structure, a 
inaj) can be conslructed (or, at a pro- 

jection of a three dimensional diagram), in 
which the distances between the origin and 
any peak represents the vector between two 
atoms in the crystal. The interpretation of 
tills diagram is not always easy, unless, as in 
the heavy atom method, some of the p(‘aks 
can be readily identified. 

PAULI EXCLUSION PRINCIPLE. The 

statement that any wave function involving 
several identieal particl**s must he anti--ym- 
nu'tne (must cliange sign) when tlie coordi- 
nates, including the sjun coordinates, of any 
idi'iilical pair arc- int(Tchanp(‘d. If th(‘ par- 
ti(‘l('s in a system can be considered as occu- 
])ying (UTinite quantum states, it follovvs from 
the principle that no more than one particle 
of a given kind can occupy a particular state; 
hence the name, exclusion princi]de The 
principle applies to fermions, but not t(» bo- 
sons. Since electrons, protons, and maitrons 
are fennions, the Pauli exclusion princijile 
must be used in the assignment of particles 
to quantum states in theories of atomic and 
nuclear structure (See shell slructrre of 
nucleus; and sec' forbidden transition.) 

PAULI g-PERMANENCE RULE. An exten- 
sion of the Pauli g-sum rule vhieh states the 
sum of the g factors for a given of a given 
electron configuration, U constant. 

PAULI g-SUM RULE. Since in magnetic 
fields, as intensity increases, tlie LS-coupling 
(see coupling, LS) is broken, and tlie L and 
/S vectors must be quantized s(*])arately, the 
L-vecior giving rise to levels of quantum 
number Ml = L, — 1, * • • — L, and the aS- 
vcctor to levels of quantum number Mg — *S, 
iS — 1, ••• —S. Since the change in energy 
is given to a first approximation by: 

AE = hcMi + hcMs 


strengths, g being given (for very strong fields) 
by the relation, 

Ml + 2A/5 
^ + Ms ' 


PAULI SPIN OPERATORS. The anticom- 

muling operators o-j^, cry, (r> satisfying fr^o-^ = 
lo-, and eciuations obtained from this by cy- 
clic change. They may be represented by the 
matrices 


= 


c ;)^ -c -3^ 
-c -;> 


First used io represent the spin of the electron 
in quantum theory, they are closely connected 
to the Hamilton quaternions; and to the 
Cayley-KIein parameters, used in classical 
physics. 

PAULI SPIN SUSCEPTIBILITY. See para- 
magnetic susceptibility of conduction elec- 
trons. 


PAULI TERM. Extra term added to the 
Lagrangian describing the interaction be- 
tween a fermion and an cdectroinagnotic field, 
to take account, in a phenomenological way, 
of the anomalous magnetic moment of the 
particle (esirecially for a proton or neutron). 

PAULI-WEISSKOPF EQUATION. The sec- 
ond quantized form of the Klein-Cordon 
equation. 

PAULING RULE. A general rule determin- 
ing how the coordination polyhedra pack to- 
gether in complex cr>’'stals. Divide the va- 
lence of tlie positive ion by the number of 
MU rounding negati\e ions. For each negative 
ion the sum of such coutributions from neigh- 
boring positive ions should equal its valence 
The rule merely expresses the requirement of 
local electrical neutrality of the structure. 

PATH LENGTH. See range. 

PEAK CATHODE CURRENT (STEADY- 
STATE). Sec cathode current, peak (steady- 
state). 

PEAK ELECTRODE CURRENT. See elec- 
trode current, peak. 


it follows that the sum of the g values for a PEAK FORWARD ANODE VOLTAGE. See 
gixen value of M remains constant for all field anode voltage, peak forward. 


Peak Inverse Anode Voltage — Pendulum 


656 


PEAK INVERSE ANODE VOLTAGE. See 
anode voltage, peak inverse. 

PEAK POWER OUTPUT. See power out- 
put, peak. 

PEAK PULSE AMPLITUDE. Sec pulse 
amplitude, peak. 

PEAK PULSE POWER. I'lie power at the 
niaximmn of a pulse of power, excluding 

spikes. 

PEAK PULSE POWER, CARRIER-FRE- 
QUENCY. 1 "he power averagc'd over that 
carrier-frequency eyele wliieh occurs a1 the 
maximum of the pulse of ])()wer (ii‘>ually one- 
half ihe maximum instantaneous power). 

PEAK SOUND PRESSURE. See sound 
pre.ssurc, peak. 

PEAK SPEECH POWER. See speech power, 
peak. 

PEAK-TO-PEAK AMPLITUDE. Sc e ampli- 
tude, peak-to-pcak. 

PEAKER. See differentiator. 

PEAKING CIRCUIT. A circuit used to ex- 
tend tile frequency response of a video ampli- 
fier. In a shunt poakiiij.; circuit, the iniix'd- 
ance (d the load circuit of an amplifier staj 2 :e 
is raised wlicm a small inductance, included 
in series with the plate-load resi.stor, is caused 
to resonate with the' circuit capacitance. In 
series iioakin^u;, a small inductance is included 
in series witii the fi;rid of the next stage. At 
the higher frequencies, this inductance reso- 
nates willi the input capacitance of this grid, 
thus iinjiroving the frequency response. Both 
series and shunt jieaking may lie included in 
the same amplifier stage 

PEAKING TRANSFORMER. A transformer 
which is supplied, thiough a large scries im- 
pedance, with a voltage of many times the 
magnitude necessary to iirodiice normal flux 
densities in ihe core. Twice each cycle, there- 
fore, the flux travels rapidly from one satura- 
tion region to the other, resulting in a sharp 
pulse of induced voltage in a secondary wind- 
ing. The secondary winding is sometimes 
made of high-i)crmc ability material with a 
smaller cros«;-sectionai area, to increase the 
saturation edf^ ts resulting in a sharper pulse. 


Used to provide firing pulses for ignitrons and 
thyratrons, it is sometimes also called an im- 
jmlse transformer. 

PEDERSEN POTENTIOMETER. See po- 
tentiometer, Pedersen. 

PEDESTAL. In television, the level of the 
video signal at which blanking of the beam 
occurs. 

PEDESTAL LEVEL. See blanking level. 

PEIERLS-NABARRO FORCE. The force 
nec(‘ssary to m()^'e a dfslocation along its slip 
plane, believed to be very much le^^s than the 
ohs(‘rvcd shear strength of the softest ciystals. 

PELLIN-BROCA PRISM. See prism, Pellin- 
Broca. 

PELTIER COEFFICIENT. Tlie coefficient 
TTi/i appearing in the first Thomson relation 

TTw. = 7 va;,« <rr 

for the emf PJ i/,, generated at a junction be- 
tween metals A and B at temperaiure T. 
TTMi is equivalent to the amount of heat gen- 
(Tatc'd j)er second when unit current flows from 
A to 

PELTIER EFFECT. The thermoelectric ef- 
fect associated with the temperature differ- 
ence between junctions of dissimilar metals. 
Ill superconductors the Peltier effect vanishes 

PENCIL (OF LIGHT). A homocentric bun- 
dle of rays, corrc'sjionding to a train of con- 
(‘(‘iitric waves. 

PENCIL-BEAM ANTENNA. See antenna, 
pencil-beam. 

PENDANT DROP METHOD. See surface 
tension, methods of measurement. 

PENDULUM. \Vc shall here consider only 
gravity pendulums, leaving torsion pendu- 
lums and magnetic pendulums to be discussed 
separately. Let a rigid body of mass M swing 
on an axis which is located at distance r 
a))Ove its center of mass, and with respect to 
which axis the moment of inertia of the body 
is /. This motion is mathematically not 
simple, but if the amplitude of swing is small, 
certain terms in the differential equation of 
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motion may be disregarded and the remain- 
ing equation readily solved. The solution 
gives as the period of the complete oscillation 



in which g is the acceleration of a freely fall- 
ing body. Huygens found experimentally, 
what may be proved theoretically, that for 
any given period of oscillation greater than a 
certain minimum there arc two different dis- 
tances r for which I/r, and hence T, has the 
same value. If these two distances arc laid 
off on opposite sides of the center of mass, the 
two j)oiuts resulting are “conjugate points 
(center of suspen.sion and center of oscilla- 
tion!. Denoting the whole distance between 
these points by /, the period of swing when 
the pendulum is suspended at eitluT of them is 

T = 2x f- • 

\ (J 

Tills is tlie same as the iioriod for an “ideal 
simple pendulum,” i.e,, a single particle of 
mass in su.'^jK'uded by a weigldless thri’ad of 
length /, for \\liieh r — /, and / = Kater 

utilized (his prinei])l(' in his well-known re- 
versible pendulum (see pendulum, Kater) 
R was Huygens who first adapted (he pendu- 
lum (o ri'gulate a meehaiiisin for kt'cjiing time 
and thereby gave ns the common clock. 

PENDULUM, KATER. Kater devi ed a 
number of rigid pendulums for comparing the 
accelerations of gravity at dilTorent places on 
the earth. Any pendulum of fixed length, 
carried from phiee to place, will swing in 
p(Tiods inversely jiroportional to the square 
root of the value of this aceeleration, u, at 
the resi)eetive stations. Therefore if the pen- 
dulum has been timed at a station at which 
the value of g is accurately known, its period 
at any field station gives at once the value of 
g at that station. 

Kater’s best known pendulum is reversible, 
being provided with two knife edges, facing 
each other, and carefully adjusted to be at 
conjugate points with respect to each other. 
It follow's that when such a pendulum is accu- 
rately timed, and the distance between the 
two knife edges accurately measured, the 
value of g can be calculated by using the for- 


mula for the period T of an ideal simple pen- 
dulum ; 



When tliis is apiilied to the Kater’s pendulum, 

L is taken as the distance between the knife 
edgej. Such a jiondulum can thus he used 
for absolute gravity measurements. (See 

pendulum, reversible.) 

PENDULUM, PHYSICAL OR COMPOUND. 

A pimdulum whicii is a rigid body with no 
restriction on size, shape or composition. 
When suspended from a fixed axis passing 
through the bedy, it undergoes oscillations. 
(See also pendulum.) 

PENDULUM, REVERSIBLE. A i)enduluin 

which is iisid for accurate* determinations of 
the acceleration of gravity. By measuring 
the pei’iod corresponding to two difTercnt sus- 
pension lengths, there is no need for a meas- 
urement of the moment of inertia. The ac- 
celeration of gravity is given by 

^ - luPn'^ 

where U, hi are two different lengths of sus- 
pension to (‘enter of mass; Pi, Pji are periods 
corresponding to the above lengths. 

PENDUT.UM, SIMPLE. A mechanical os- 
cillator which consists of a weight suspciid('d 
from a fixed point by an incxtcnsiblc member 
of negligibh' ma'^s. The weight and suspen- 
sion arc free to [x'l-fonn circular motion about 
the fixeil point. For small di.*^ placements, the 
(lifferciitial ociuation for horizontal motion 
of llic pendulum is 

Ipx g 

- - = X 

de t 

and the resulting motion is simple harmonic 
with a period of 



whore I is the length of suspension, g is the 
ac(^eleration of gravity. 

PENDl^LUM, TORSION. A mechanical os- 
cillator consisting of a cylinder suspended by 
a wire from a fixed support. Tlie motion 
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consists of a rotational oscillation of the cyl- 
inder about the suspension as an axis in a 
plane perpendicular to the axis. For small 
rotational displacements the motion is simple 
harmonic and has a i)criod 



where 1 is the moment of inertia of the cylin- 
der with respect to wire axis, Le is the restor- 
ing torque of suspension per unit deflection in 
radians. 

PENETRATING SHOWER. See shower, 
penetrating. 

PENETRATION. (1) In general, the process 
of entering, saturating or piercing, (2^) The 
passage of particles or radiations through sol- 
ids. (3) The consistency of a material in 
terms of the depth it is entered by a standard 
needle under standard conditions. 

PENETRATION DEPTH. (1) The distance 
from the surface of a superconductor in a 
magnetic field at which the intensity of the 
field has fallen to 1/c of its value outside. 
(2) The distance to which an external mag- 
netic field penetrates into a superconduetor 
from whose bulk it is exelucled hy the Meiss- 
ner effect. The London equations predict a 
depth (Ar2/47r)’-' — '10 ^ cm in a .static field, 
a result confirmed by observations on small 
particles. At high frequencies the effect goes 
over into the eddy-current skin-depth appro- 
priate to the density and mobility of the 
‘^normar’ electrons. (See superconductivity, 
two-fluid model.) (3) In induction heating 
usage, the thickness of a layer extending in- 
ward from the surface of a conductor, which 
has the sain(» resistance to dirc’ct current as 
the conductor as a whole has to alternating 
current of a given frequency. 

PENETRATION FACTOR. The reciprocal 
of the amplification factor. Also called 
dvrrhgriff. 

PENETRATION FREQUENCY. Sec critical 
frequency. 

PENETRATION PROBABILITY. The prob- 
ability of passage of a particle through a po- 
tential barrier, defined as a region of finite 
extent in whi di the potential energy of the 
particle excecdo its total energy. An exam- 


ple of barrier penetration is the passage of 
a-partielcs through the barrier at the nuclear 
wall. Penetration of this type is a quantum 
mechanical phenomenon which canned be ex- 
plained in terms of classical physics. In gen- 
eral, the penetration probability increases as 
the energy of tlie particle api)roachcs the 
height of the barrier and as the tliickness of 
the barrier decreases. Interference effects, 
however, play an important role wdion the 
thickness of the barrier i.s a multiple of ono- 
quarter of the wavelength of the de Broglie 
wavelength associated with the particle. 

PENETROMETER. (1) A d evice for meas- 
uring penetrating power of a beam of x-rays 
or other penetrating radiation by com})aring 
transmission through various absorbers. (2) 
An apparatus for delerminalion of Ihe ‘*on- 
sistcncy of a material in terms of the depth 
to which it IS entered by a standard needle 
under standard conditions. 

PENNYWEIGHT. A unit of wcialit in the 
troy .system of weights and measures eciual 
to 21 grains or nbout 1 r>r) grams. ^ 

PENTAGRID CONVERTER. A vacuum 
tube containing 5 grids in addition to tin* 
usual anode and cathode. Tt is used primar- 
ily as a eoiiibined oscillator and mix(‘r or fust 
detector in a superh('terodyne receiver. In 
operation the eatliodc and the first two grids 
foim the cathode, grid .‘uul anode of a eonv(‘n- 
tional oscillator circuit. The elections which 
w'ould all eontrihute to the plate current of a 
conventional oscillator tube largely pass 
through the o])cnings in the grid-hke anode 
and are then acted upon by tlu' iueoming sig- 
nal ^^hicll is ajiplied to one of the other grids. 
Upon finally reaching the real anode of the 


tube the electrons have both the effect of the 
oscillator and the incoming signal, and thus 
give a combined effect in the output. A typi- 
cal connection is shown in the figure. 
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PENTA PRISM. See prism, penta. 

PENTANE CANDLE. A unit of intensity of 
a light source equal to one-tenth of the stand- 
ard pentane lamp; approximately equal to 
the international standard candle. 

PENTATRON. The name sometimes applied 
to a common-cathode doiihlc triode contained 
within a single envelope. 

PENTODE. A five-electrode, electron tube 
containing an anode, a cathode, a eontrol elec- 
trode, and t^Yo additional electrod('s that are 
ordinarily grids. 

PENTRIODE AMPLIFIER. See amplifier, 
pentriode. 

PENUMBRA. A source of finite size cannot 
cast a sharp sliadow of an intervening opaque 
object. Th(’ central, lotally-dark part of the 
sliadow is called the umbra, ^vhile the outer. 



partially-darkened region is called the penum- 
l)ra 11 the source is larger than the interven- 
ing object, then at a sufricnmt distan^’o, there 
will be no umbra These \^ords apfily pai'ticu- 
larly to (‘clipses of the sun by the moon 

PEPTIZATION. A t(M’iu applied by (Irahani 
to the s|)ont ancons dispersion of a solid sub- 
stance in a licpiid on adding a small amount 
of a third substance, the peptizing agent. 

PER CENT ARTICULATION. See articula- 
tion. 

PER CENT CONSONANT ARTICULA- 
TION. S(‘C articulation, consonant. 

PER CENT DEAFNESS. See hearing loss, 
per cent. 

PER CENT HEARING. See hearing, per 
cent. 

PER CENT HEARING LOSS. See hearing 
loss, per cent. 

PER CENT INTELLIGIBILITY. See ar- 
ticulation. 

PER CENT MODULATION. The modula- 
tion factor expressed as a percentage. 


PER CENT RIPPLE. See ripple, per cent 

PER CENT SOUND ARTICULATION. See 
articulation, sound. 

PER CENT SYLLABI.E ARTICULATION. 
See articulation, syllable. 

PER CENT VOWEL ARTICULATION. See 
articulation, vowel. 

PEI^CRYSTALLIZATION. The crj'stalliza- 
tion of a dissolved substance from a solution, 
during or after dialysis. 

PERCUSSION, ^ee kinetics. 

PERFECT RADIATOR. See complete ra- 
diator. 

PERTDYNE RECEPTION. An early radio- 
re(‘(‘i\ier which was tuned by a box-enclosed 
inductor. The inductance was changed by 
changing the jxisition of a' metal screen with 
respect to the inductor. 

PERICON ANGLE. See angle. 

PERIHELION. The point at which a planet 
or other body moving about the sun .ap- 
proaches the sun niO'*'t closely. 

PERIHEl JON OF xMERCURY (ROTATION 
OF). The ol)‘^er^ed rate of rotation is 572.7 
secomls per century, of which 529 2 seconds 
arc due to the [)erturl)ating fields of the other 
planets. The Schwarzschild solution of the 
Einstein law of gravitation yields an extra 
theoretical value of 42.9 seconds. The agree- 
ment is a strong argument in favor of general 
relati\it\ theory. (Sec relativity theory, gen- 
eral.) 

PERIKON DETECTOR. S( e detector, peri- 
kon. 

PERIOD. (1) An interval, especially one 
e^tablisherj by repc^ated or regular reeurrence, 
or the (‘ntilies contained within such an in- 
terval. (2) Of a periodic quantity, the small- 
est value of the m<Tement of the independent 
variable for which the function royieats itself. 
(Also called primitive period.) (3) A se- 
quence of elements in the periodic table, ar- 
ranged hy atomic number and properties. 

PERIOD, HALF-LIFE. Sec half-life. 

PERIOD, LONG. The third, fourth, or fifth 
periods of the periodic table and the elements 
they contain. The third period extends from 
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arfton (atomic number LS) to bromine 
(atomic number 35); the fourth period ex- 
tends from krypton (atomic number 3()) to 
iodine (atomic number 53) ; and tlie fifth pe- 
riod from xenon (atomic number 5^0 to asta- 
tine (atomic number S5). 

PERIOD, NATURAL. Tlic period of a free 
oscillation of a body or system (See oscilla- 
tion, free.) • 

PERIOD OF DEFORMATION. Time from 
initial impact until bodies cease to approach. 
(Sec period of restitution; impact.) 

PERIOD OF RESTITUTION. Time from 
maximum compression until bodies are ulti- 
mately separated and moving with final ve- 
locities. (See impact.) 

PERIOD, RARE EARTH. Tlic pcTiod (fifth) 
of Ihe periodic table w’hich includes the rare 
earth elements (the elements from atomic 
number 57 to atomic number 71, inclusive): 
lanthanum, cerium, praseodymium, neodym- 
ium, promethium, samarium, euroiuum, gado- 
linium, terbium, dysprosium, hohniuin, er- 
bium, thulium, ytterbium, and lutecium. The 
fifth period extends from xenon (atomic num- 
ber 54) to astatiiK* (atomic numhcT 85). 

PERIOD, REACTOR. Tlu' time reephred for 
the neutron flux to change by a factor of e. 

PERIOD, SHORT. The first or second pe- 
riods of tlic periodic table, and the elements 
th(*y contain. The first period (‘xtends from 
hydrogen (atomic numlior 1) to fluorine 
(atomic numbt'r 9); and the second jicriod 
extends from neon (atomic number 10) to 
chlorine (attanic number 17). 

PERIOD, STABLE REACTOR. The reactor 
period (see period, reactor) after a lapse of 
sufficient lime (o i)eriuit tlie contributions of 
transient terms to damp out 

PERIODIC. See function, periodic and pe- 
riodic quantity for the general use of this 
term. 

PERIODIC ANTENNA. See antenna, reso- 
nant. 

PERIODIC CHAIN. An arrangement of the 
periodic system in th^ form of a sinpile verti- 
cal listing of the elements in order of increas- 
ing atomic numbers, and divided by hori- 
zontal lines. 


PERIODIC ELECTROMAGNETIC WAVE. 
See wave, periodic electromagnetic. 

PERIODIC FOCUSING FIELDS. A method 
of electron beam focusing wdiich utilizes a 
number of short, focusing fields that vary 
periodically along the electron stream, and 
con‘5titute a series of thick or thin electron 
lenses. 

PERIODIC LAW. Tlie statement that the 
elements may be arranged in a periodic table. 

PERIODIC LINE. A resonant line. 

PERIODIC PULSE TRAIN. Sec pulse train, 
periodic. 

PERIODIC QUANTITY. .\n oscillating 
quantity, the values of which recur for eriiial 
increments of the independent variable. If a 
periodic quantity, //, is a function of .r, then // 
has the property that 

V -= Ar) = fU + A). 

w’here /c, a constant, is a period of ?/. The 
smallest positive value of k is the iirimilive 
period of //, generally called snnjily tlu^ period 
of ?/. In general, a periodic function can be 
expanded into a series of the form 

y = /W ''lo + -li (a).r + (i\) 

A 2 sin + U'j) • • • 

wdicre w, a positive constant, e(|unls 27r divided 
by the period A’, and the A's and r/’s arc con- 
stants which may be positive, negative, or 
zero. (See also P'ourier scries.) 

PERIODIC SYSTEM. An arrangement of 
the elemenis in a systematic grouping wherein 
elements having like jiropcu ti(‘s oecur in re- 
lated positions, as in horizontal or vertical 
sequence, so that unknowai profiorties of 
knowm elements, and oven jiroiKU-ties of un- 
known elements, can be deduced from their 
positions in this arrangement. The arrange- 
ment of the elements of the system is based 
on the atomic number of each element. 

PERIODIC TABLE. An arrangement of the 
periodic system in the fonn of a table, which 
is the most common arrangement. 

PERIODICITY. The recurrence of an event, 
phenomenon, or characteristic feature at 
regular intervals of time, distance, or other 
variable. 
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PERISPHERE. Tlie volume surrounding an 
object in wliich the gravitational, magnetic, 
or electric fields of the object produce observ- 
able effects. 

PERITECTIC. A point at whicli incongru- 
ent melting takes place. 

PERMALLOY. A series of high })ermeabil- 
ity nickel-iron magnetic alloys. In the United 
States the number prefix indicates tlie per 
cent nickel (i e., 65 permalloy is 657? nickel). 

PERMALI.OY, MOLYBDENUM. A nula 1- 
molybdeniim, high-pernieabiilty alloy The 
t^o varieties in general use are 4-79 (4^/o 
Mo, 797<? Ni, balance Fe) and 2-Sl (2U Mo, 
Ni, balance Fe). 

PERMANENT GASES. An historic ela'^Mfi- 
cation that included tiiobc ga^es which are 
very difficult to iKpiefy and wliich w'cie 
thought to be nonlupieliahle The distinction 
has \ anished since all the gases have been 
iKiuefied because of the advance in low' tem- 
pc'rature techniques. 

PERMANENT MAGNET LOUDSPEAKER. 
See loudspeaker, permanent magnet. 

PERMATRON. A liot-cathode, gas-dis- 
charge diode in wdiich the slart of conduc- 
tion IS controlled by an ext* rnul magnetic 
held. 

PERMEABILITY (|i). (1 ) Ahsolut(‘ j). imea- 

bility, B/Hj or magnetic induction divided by 
magnetizing force. (2) Specific (relative) 
IxTineabihty /xs B ixjl (/i, pcrmeabilitv 
ol \aeuuni). These meanings aie distinct in 
tlie mksa system, hut not in tlu‘ usual egs 
emu system, wdiere /x„ is defined to he uiuty 
(3) The capacity of a inenihraiic or other 
material to allow another substance to pene- 
trate or pass through it; or the (piantity of a 
specified gas or other substance which passes 
through under sjiecified conditions. 

PERMEABILITY, DIFFERENTIAL. The 
slope of the magnetization curve. 

PERMEABILITY, DYNAMIC. The permea- 
bility detennined by the slope of a line join- 
ing the tips of a dynamic hysteresis loop (sec 
hysteresis loop, dynamic) under specified 
conditions. 


PERMEABILITY, IDEAL. Tlie ratio of B 
(magnetic induction) to II (magnetizing 
force) obtained by superposing a large alter- 
nating A// on tlic desired H, and slowdy re- 
ducing All to zero. 

PERMEABILITY, INCREMENTAL. The 

ratio of a small cyclic change in induction 
(B) to the corresponding cvelie change in 
maghetizing force (//) ; or the slope of the 
B-If curve w'lum an alternating magnetizing 
force is imposed on a diiect magnetizing 
force 

PERMEABILITY, INITIAL (i^,). The limit 
a])proached liy tlie normal ])crnieahility as 
tl.e magnetizing force, II, and tlie magnetic 
induction, B, approach zero 

PERMEABILITY, MAXIMUM. The largest 
value oi normal permeability (obtained by 
varying //), or the maximum value of inere- 
menlal permeability (see permeability, incre- 
mental); or the maximum slope of the B-H 
eiirv(‘ 

PERMEABILITY, NORMAL. Tlie ratio of 
normal induction to the eori ^sponding mag- 
netizing force. 

PERMEABILITY, REVERSIBLE (ji,). The 

limit of irieremcntal pf'rmeahility (see perme- 
ability, incremental) as the incremental 
chang(‘ in magnetizing force approaches zero 

PERMEABILITY, SPECIFIC (g.,) (RELA- 
TIVE PERMEABILITY). The ratio ol the 
absolute pcrmeabilitv (see permeability, (1)), 
of a substance to the permeability of free 
s})ac(‘ 

PERMEABILITY TUNING. The variation 
of the resonance fTcquency of the tuned cir- 
cuits of a rec(‘iv(‘r or transmitter by changing 
the eft’octivf* penneahility of the inductor^s 
core The most general w^ay in which this is 
done IS by varying the position of a ferrite 
slug witli lespcct to the coil. An alternate 
method, whicli is less used because of its dc‘le- 
terious effects on the Q of the coil, decreases 
the coil inductance by inserting a brass, cop- 
per or aluminum slug into the center of the 
coil. 

PERMEATE. (1) To pass through a sub- 
stance, as in the case of a gas or liquid wdiich 
passes through small channels or pores in a 
membrane or other medium. (2) To pass into 
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an object or substance as by traveling through 
minute openings or interniolecular spaces, so 
that the diffusing substance becomes more or 
less uniformly distributed throughout the 
medium into which it travels. 

PERMEAMETER. An electromagnet ar- 
ranged for magnetizing a specimen, and allow- 
ing measurement of the flux through tlie speci- 
men and the magnetizing force at the surt'ace. 
Various types of perrneameter have been de- 
signed, aiming at ease of operation, accuracy 
of results, or use with liigli-coercivity mate- 
rials. 

PERMENDUR. A 50% cobalt, 50%. iron 
alloy willi a high permeability at a saturation 
flux density, li is, in fact, liigher than that 
of most other materials. 

PERMENORM 5000Z. The first 50% nickel, 
50% iron, Inghly-oriented, magnetic alloy. 
Similar materials aie more frequently known 

as Dcltamax, Ilipernik V, Orthonal and 
Orthonik. 

PERMINVAR. The class of nickel, iron and 
cobalt magnetic alloys which are character- 
ized by constant permeability, and low hyster- 
esis loss at low inductions. 

PERMISSIBLE DOSE. The amount of radi- 
ation which may be receivcul hy an individual 
within a specified period with expectation of 
no harmful result to hini''elf. For long-eon- 
tiiuied X- or y-ray exposure of the whole body 
it is 0 3 r per week measured in air (For 
detailed information, hce National Bureau of 
Sfandarda Handbooks 41, 12, etc.) 

PERMITTIVITY OR DIELECTRIC CON- 
STANT. The Coulomb law for two cli.arges 
immersed in a dielectiic medium gives the 
mutual force as 



The constant € is the absolute permittivity of 
the medium, and the ratio c 'co ~ iv is the 
relative permittivity or dielectric constant. 
CO is the electric constant or the permittivity 
of free space. (See dielectric constant.) 

In rationalized systems of units (see Intro- 
duction) the Coulomb law is written 

F = 

4ir€rr^ 


and the pennittivity cr is less than in unra- 
tionalized systems by a factor of 47r. 

PERMUTATION(S). Each different arrange- 
ment in a definite order which can be made of 
all or part of a given set of elements. The num- 
ber of permutations of n things taken r at a 
time is denoted by many different symbols; 
the most commonly used are nPr, Pn.r and 
P{n/) and is given by n(n — 1) (n — 2) * • • 
(// — r + 1), (r factors in the expression). 
The number of permutations of n things taken 
n at a time is (n — 1 ) ■ • * 3-2* 1 -- n !. If, 
of n things, p are all alike, of one kind, q of 
anotluT kind, r of another, and so on, the num- 
ber of permutations of these things taken all 
together is 

n\ 

j) \(]\r\ 

PERMUTATION, CYCLIC. A permutation 
sending into L into etc , and finally 
i„ into is called a cycle on r? letters It is 
usually \\ntt(‘n as (Ai, • t„). The degree 
of n cycle is (*(|ual to the number of symbols 
l»ermuted. ^ 

PERMUTATION, EVEN OR ODD. A per- 
mutation may always be wnlttui as a jiroduct 
of transpositions, either even or odd in num- 
ber The pel mutation is then said to lie (‘ven 
or odd. (See group, alternating; group, .sym- 
metric.) 

PERPETUAL MOTION. The idea of a 
luecluinism which, once started, would operate 
indefinitely. It has never been achie\ed be- 
cause of the inability to free macroscopic mov- 
ing bodies completely from friction and hence 
from dissipation of mechanical energy. 

PERPETUAL MOTION, FIRST KIND. A 

device which jiroftiices power without energy 
uptake. Thus a perpetual motion, once 
started, would opcTate indefinitc'ly. Such a 
device would violate the law of conservation 
of energy and is therefore impossible. 

PERPETUAL MOTION, SECOND KIND. 

A device which converts heat completely into 
other forms of energy. Such a device would 
violate the second law of thermodynamics 
(see also entropy) and is therefore impossible. 

PERRIN DETERMINATION OF THE 
AVOGADRO NUMBER. Perrin determined 
the Avogadro constant by making measure- 
ments of the movements and distribution of 
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Perrin Rule — Pfaff Expression 


colloidal particles in water. This was done 
(a) by evaluating the variation of distribu- 
tion with height of particles of the same mass 
and density, which is defined by 

p - PI ^ 

n dz RT p 

whore n is the nimibcr density of the i)arti(*les, 
z is vertical displacement, m is the mass of 
the particles, R is the gas constant, p, pi are 
the densities of the particles and the liquid, 
N is Avogadro’s nuiiil)er, and (b) by observ- 
ing the mean rate of dispersion of spluTical 
particles from tlu'ir original positions as a 
result of Brownian movement. (See Einstein 
diffusion equation.) 

PERRIN RULE. A generalization derived 
from cerlain lesuUs on electroosmosis, to the 
effect that ions of charge op])osito to Unit of 
I lie diaphragm have by far the greatest effect 
u])on endo‘^mosis, and that the higher their 
\al(‘nce (if it is of ojiposite sign) the greater 
the reduction of electroosmotic flow. 

PERSISTENCE CHARACTERISTIC (DE- 
CAY CHARACTERISTIC) (OF A LUMI- 
NESCENT SCREEN). A relation, usually 
sho\Mi by a graph, between emitted radiant 
power and time after excitation. 

PERSISTENT SPECTRUM. See spectrum, 
persistent. 

PERSONAL EQUATION. In making meas- 
urements of any character every observer, no 
matter how skilled he may be, is bound to 
make certain errors. These errors are of two 
kinds: accidental errors which will be small 
in the case of a good observer and which will 
be distributed in accordance with the laws of 
probability; and sysiematic errors or errors 
which are always in the same direction and 
of approximately the same magnitude. The 
value of the systematic error is known as the 
personal equation of the observer. Personal 
equation must be determined empirically for 
each observer under a variety of different ob- 
serving conditions. For a good observer the 
personal equation remains remarkably con- 
stant over long periods of time and may be 
applied directly to any observation. 

PERSORPTION. A term apjilied by McBain 
to adsorption in wdiich the adsorbed mole- 
cules occupy vacant spaces in the lattice of the 


adsorbing material. An example of this type 
of adsorption is that of water by the zeolites. 

PERTURBATION THEORY. The study of 
the effect of small changes on the behavior of 
a system. In the general treatment of a prob- 
lem by the method of perturbations, a differ- 
ential ecjuation which neglects the small 
change is solved. The resulting solution is 
theq substituted into a more exact differential 
equation and terms which arc of second order 
or higher in the ratio ot the change ol the so- 
lution to the original solution are neglected. 
The resulting equation for the change, in 
terms of the causes of jierturbation and the 
original bolulion, is often far simpler than the 
exact ecjiiation, including the perturbing ef- 
fects. would liave been 

PERVEANCE. The (jiiotient of the space- 
charge-1 uni tul cathode current by the %- 
jKiwer of the auode voltage m a diode. Per- 
veance is the constant G appearing in the 
Child-Langmuir-Schottky equation. 

h (W'. 

When the term ptTveance is applied to a triode 
or multi-grid tube, tlie anode voltage is 
replac(‘d by the composite controlling voltage 
c' of the ('quivalonl diode. For Child-Lang- 
muir equation on uliieb this is based, see 
space charge limitation of currents. 

PETZVAL CONDITION. To eliminate the 
aberration of curvature of field, at least two 
lenses must be used which are so related that 
tliov satisfy the Petzval condition; j\ni + 
jin> - 0, where llie subscripts refer to the two 
len^^es, rc‘-pectively, n is the index of refraction 
and / IS the focal length. 

PETZVAL SURFACE. By changing the 
separation of a doublet lens, a condition free 
from astigmatism may be found, but the field 
will not then be flat The singl(\ paraboloidal 
surface over which ]i()int imaces of point ob- 
jects are formed is called the Petzval surface. 

PFx\FF EXPRESSION. A differential equa- 
tion 

dw = i: Xxrfxx 

X- 1 

where the .Yx are functions of the independent 
variables and dW is a total differential. In 
gencial the value of TF depends upon the path 
of integration, wiiereupon the expression is an 
inexact differential. If the value of W is in- 


Pfaff Problem — Phase 
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dependent of the path of integration, the ex- 
pression is an exact or perfect differential. 
Equations of these forms occur in thermo- 
dynamics. 

PFAFF PROBLEM. A non-integrable total 
differential equation. If it contains 27i or 
(2r/ — J) variables, it is equivalent to not 
more than n algebraic e(piati()ns. Thus, if 
there are three variables, the general solution 
is an arbitrarily chosen relation f(x,y,z) — 0 
and a second relation containing an arbitrary 
constant g(x,?/, 2 ) = 0. ITafT’s problem may 
be interpreted geometrically and is of some 
inifiortance in advanced th('ories of mechanic‘- 
and thermodynamics. 


PFUND SERIES. A series of lines in the 
infrared region of tlie emission spectrum of 
atomic hydrogen. The wave numbers o«r the 
lines in this series are given by the relation- 
ship. 


V = 


Rii 




where V is the wave number in reciprocal 
centimeters, Ru is th(‘ Rydberg constant for 
hyilrogen (109,677.591 cm ’), is 5, and n 2 
has various integral values. 


pll. A measure of the hydrogen ion activity 
(or concentiatiori) in an aqueous electrolyte. 
It is the loganthm (base 10) of the reciprocal 
of the hydrogen ion activity (or concentra- 
tion) in grains per liter. jiII values below 
7 indicate an acid condition; above 7, alka- 
line. 


PHANATRON. A gas-filled, hot-cathode 

rectifier tube. 


PHANTASTRON. A certain tyi)e of one- 
tube relaxation o'^cillator (see oscillator, re- 
laxation) employing Miller feedback to gen- 
erate a linear timing waveform 

PHANTOM CIRCUIT. One metallic com- 
munication circuit and a ground connection 
can be made to cariy two messages simulta- 
neously with the addition of certain equi])- 
ment. Similarly, two metallic circuits can 
add a third metallic message-channel. In 
addition, each of the original circuits may be 
operated wdth suitable equipment and ground 
connections to provide two additional mes- 
sage channels creating r total of throe metal- 
lic-path and +WO ground-jiath independent 
message chaiim la. 


The figure illustrates a circuit “phantorned” 
on two standard metallic circuits. The iii- 



IHustiatmg a (‘iiciiit “phanl oiik d” on Iwr) sl.mdiid 
(iiciiit.s (jiiiow.s (‘uiKiil flow when phiiiloiu is in 

ns( ) 

stantaneous direction of current is shown by 
arrows. The repeating coils or transforuK'rs 
are center-tapped so that the current in the 
|)haniom divides equally in those coils. •If the 
ciiritmt flow in the side lines (called ])hysical 
circuits) is equal, and moving oppo'^itely so 
far as the side-liiu* circuit is concerned, lludr 
maguctoinbtive forces will cancel and no in- 
duced voltages will be present in the side cir- 
cuits. Thus the side circuit is not affected 
by the jihantom. 

PHANTOM LOADING. A scheme for test- 
ing and calibrating wattmeters (and watthour 
meters) by supplying the voltage and current 
eonneclions from independent adjustable 
sources, rather than using actual loads. 

PHASE. (1) One of two or more forms, ap- 
peal ancch, or forms of behavior exhibited by 
the same entity, as the phases of the moon, of 
alternating electric current, of protoplasm, 
and of bacteria (2) The argument of the 
harmonic function in the mathematical ex- 
pression for tlie disturbance in a harmonic 
\vave, viz., in u = {wt — kx) is the 

phase. In the harmonic oscillation, x = 
fat B is tlie phase, and B is the 
initial phase or epoch. (3) A homogeneous, 
physically-distinct part of a system wliich is 
separated from other parts of a system by 
definite bounding surfaces. Thus a gas, a 
homogeneous liquid, or a homogeneous solid 
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is a single phase, while, for example, a system 
of two insoluble or partly-soluhle liquids 
which form separate layers has two phases, 
and a system of two solids in equilibrium with 
their solution has three phases. 

PHASE ANGLE. A conventional representa- 
tion of simple harmonic motion is 

/2Trt 

y = A sin (oii + a) = A sin ( \- a 


in which A is the amplitude, + a or ^ -f- a 

is the phase angle, and a is the epoch angle, 
t is the lime variable, T is the period and cj is 
the angular velocity. 

'Pwo coherent harmonic motions, described 
7/1 = A sin ((A)t + a) 

and 


y 2 == A sin (ojI + fi) 


are said to hav't* a phase difTerencc' of ((3 — a). 


PHASE ANGLE, ACOUSTIC. The angle 
who-^e tangent is the ratio of the acoustic re- 
ad ance to the acoustic resistance. (S(*e re- 
actance, acoustic and resistance, acoustic.) 


PHASE, CONTINUOUS. Tiie enveloping 
phase (3) in a system which contains one or 
more disperse* phases. Tt is also called the 
dispersion medium. 


PHASE CONSTANT. Of a traveling plane 
wave at a given freepioncy, the stnice rate of 
decrease of jiliase of a field component (or of 
the voltage or current) in the direction of 
propagation, in radians jic'r unit l(*ngth. 


PHASE CONSTANT, IMAGE. The imag- 
inary part of the transfer constant. 


PHASE . CONTRAST MICROSCOPE. A 
compound microscope has added to it an an- 
nular diaphragm, placed at the front focal 
plane of the substage condenser, and a ])hase 
plate, placed at the focal plane of the first 
group of lenses in the objective. The phase 
plate consists of a glass plate, on which is 
deposited an annular layer of transparent ma- 
terial, which increases the optical path by onc- 
quartcr wavelength. The diffraction pattern 
of an object point is so augmented by these 
changes that objects which differ only in 
optical path, but not necessarily in density, 
become visible. 


Phase Angle — Phase, Disperse 

PHASE CONTROL. The control of the out- 
put current of thyratrons, ignitrons, and sim- 
ilar devices by controlling the time or phase 
angle of the supply cycle at which the tube 
fires or conducts. This is acliieved by shift- 
ing the phase of the voltage which provides 
the firing impulse to the tube, with respect to 
the supply voltage. 

phase converter. If singlo-jdiase volt- 
age is applied to one phase of a rotating tlirec- 
phase induction motor it will bo found that 
approximately balanced three-phase voltages 
may be obtained from the three terminals of 
the machine. This is because the rotating 
fi^‘ld in<Iiices voltages in iho various phase 
windings which are not much dilTc'rent from 
the applied voltage. Since the single-phase 
fi(‘ld*is not quite uniform and since the im- 
pedance (Imp in the windings affeeis the ter- 
minal voltage, the output voltages are not 
<piite equal, hut nearly enough so that tlu*y 
may he list'd for much throe-pliase work This 
method is list'd (piite widely in a-c railway 
eleetrifieaticm since tl\e nt'cessity of three con- 
ductors makt's transmission of three-phase 
])Ower to th(* lot'omotive difficult. 

PHASE, CRYSTAL («-, p-, y-, c-, i]-, etc.). 
See crystal phases (a-, P-, y-, c-, “n-, etc.) 

PHASE DIAGRAM. A graph showing the 
condition of equilibrium hetwet'u various 
})hases of a substance or of different sub- 
stances. 

PHASE DEVIATION. Tlu* jieak difference 
bt'tween the instantaneous anglt' of the mod- 
ulated wave and tlii' angle tf the carrier. 

PHASE DIFFERENCE. See phase angle. 

PHASE DIFFERENCE VS. PATH DIFFER- 
ENCE. The difference in jihase between two 
ct)hcrent wave disturbances that have trav- 
eled over different optical paths, from some 
point at which they had the san1c phase, is 
2n/\ times the path difference, where A is the 
wave](*ngth. 

PHASE DISCRIMINATOR. See discrim- 
inator, phase. 

PHASE, DISPERSE. A system of one or more 
components, with definite boundaries, which 
is dispersed within another medium, called 
the continuous phase. 


Phase Distortion — Phase of the Wave 
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PHASE DISTORTION. See phase-frequency 
distortion. 

PHASE EFFECT IN BINAURAL LISTEN- 
INC. Sec binaural phase effect. 

PHASE EQUALIZER. A network designed 
to compensate for phase-frequency distortion 
in a system. 

PHASE FACTOR, OR CONSTANT. The 

essential difficulty in the X-ray analysis of 
crystal structure is that there is no means of 
measuring the relative phases of the various 
reflected beams Thus, only the absolute mag- 
nitudes of the structure factors can be found, 
and in order to carry out a Fourier synthesis 
of the structure, the phase constants have to 
be estimated or guessed. 

PHASE FOCUSING OR HERRINGER- 
HULSTER EFFECT IN MAGNETRONS. 
A bunching effect m magnetrons whicli causes 
an electron which is behind the position of 
maximum tangential fcjrce to bo subjected to 
a small, added, radial component of electric 
force. This, together with the imiiressod mag- 
netic force wull give the electron an added 
tangential velocity and wull, therefore, tend 
to bring it into stej) An electron that is 
ahead of schedule will find a smaller radial 
component, and will be forced back into step, 

PHASE-FREQUENCY DISTORTION. Dis- 
tortion due to lack of direct jiropoitionality 
of phase shift to frequency over the irequency 
range required for transmission. Delay dis- 
tortion is a special ca^e This definition in- 
cludes the case of a linear phase-frequency 
relation wdth the zero frequency intercept dif- 
fering from an integral multiple of tt 

PHASE, INITIAL (OR EPOCH). See phase. 

PHASE INTEGRAL. See action variable. 

PHASE INVERTER. The push-pull ampli- 
fier has numerous advantages over single- 
ended ones but does require a push-pull con- 
nection for driving the grids. Since the usual 
amplifier has low-levcl stages operating single- 
ended this requires some method of getting 
two equal voltages 180° out of pha^^e to drive 
the push-pull grids. »re method is to use a 
transformer to couple 'ne single plate to the 
push-pull gri<ls by center-tapping the sec- 
ondary. However, for resistance coupling a 


phase inverter may be used. Referring to 
the figure, part of the output voltage of the 



upper tube is coupled back into the grid of 
the lovN^er tube Since the output of a tube 
IS 180° out of pha^c wuth the input, the input 
to the hccoud tube is 180° from that of the 
first tube, hence their outputs are likewise 
displaced. If the tap on (he output resistor 
of the first tube is adjusted corrrctly just 
enough voltage is appli(‘d to the giid of the 
second to cause its output to be ecjiu^J that 
of tlie first. These equal and opposite volt- 
ages may then bo applied to the push-pull 
gilds of the following stage 

PHASE MARGIN. A stability criterion for 
feedback systems equal to 1S0° minus the 
total phase-angle encountered in the feedback 
loop at the frequency where the loop gain 
is unity. 

PHASE MODULATION OR PM. See mod- 
ulation, phase or PM. 

PHASE OF A PEIUODIC QUANTITY. The 
phase of a periodic quantity, for a particular 
value ot the independent variable, is the frac- 
tional pai*t of a period through which the in- 
dependent variable has advanced, measured 
from an arbitrary origin In the case of a 
simple sinusoidal quantity, the origin is usu- 
ally taken as the last previous passage through 
zero from the negative to positive direction. 
The origin is generally so chosen that the frac- 
tion is less than unity. The phase is expressed 
in radians, rather than in periods, in which 
use its numerical value is increased by a fac- 
tor of 2rr. 

PHASE OF THE WAVE. For an oscillating 
wave, expressed as the phase 
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Phase-propagation Ratio — Phase Space 


of the wave is either 6 or (oyt — fix + 6) ac- 
cording to the author’s usage. 

PHASE-PROPAGATION RATIO. The prop- 
agation ratio divided by its magnitude. 

PHASE RESONANCE. See resonance, veloc- 
ity; and resonance, frequency of. 

PHASE REVERSAL. A change of phase 
equal to onc-half cycle, such as may be ex- 
perienced by light waves upon reflection under 
certain conditions. 

PHASE RULE, THE. A mathematical ex- 
pression which shows the conditions of equi- 
librium in a system as a relationship between 
the number of phases, the number of com- 
ponents, and the degrees of freedom possible 
undei the given conditions If T n'lircsents 
the number of components, F, the number of 
phases, and the degrees of freedom, then 
C + 2 ^ F ^ F, 

PHASE SECTION, DIFFERENTIAL. See 
differential phase-section. 

PHASE-SENSITIVE RECTIFIER. A phase 
discriminator. 

PHASE SHIFT CONTROL, This control is 
commonly ajiplied to ihyratrons or ignitrons 
operated on a-e and consist^ of eontrolling 
the breakdown point by shitting the phase of 
the grid voltage with respect to the anode 
voltage. Fig. a slniws the anode voltage (A), 



(b) 

the grid characteristic (B), the d-c grid bias 
(C) and the a-c grid voltage (D). These are 
all plotted against time along the horizontal 
axis. It at any instant the net giiil voltage, 
i.e., the d-c plus the a-c value, goes above the 
characteristic (B) the tube breaks down and 


conducts for the rest of that half-cycle. Thus 
if the grid wave is shifted to position (1) the 
tube breaks down at time ti while if it is 
shifted to (2) the tube breaks down at to. By 
making the phase continuously variable the 
average output of the tulie may bo varied by 
varying the part of the cycle over which the 
tube conducts. A simple circuit for doing this 
is shown at (b). Tlie voltage applied to the 
grid may be varied over nearly 180° by vary- 
ing the value of the resistor R. This method 
of controlling is widely u‘^e(l for motor 

speed control and for resistance welding con- 
trol. 

PHASE SHIFT FOR SCATTERING. One of 

stweral angles having a ^ aliio between -rn and 
—TT, giving the phase relation between a scat- 
tered wave and an incident wave as'soclated 
with the particle or photon that undergoes 
scattering 

PHASE SHIFT MICROPHONE. See micro- 
phone, phase-shift. 

PHASE-SHIFT OSCILLATOR. See oscil- 
lator, phase-shift. 

PHASE-SIIIFTER, WAVEGUIDE. See 
waveguide phase-shifter. 

PHASE SLOWNESS. Consider a harmonic 
wave 

The phase slowness is the vector 
1 

S - Vct>. 

0 ) 

The reciprocals of the components of S are tlie 
speeds of jiropagation of constant phase along 
the curre^l)onding axes. Since these speeds 
are not lli(‘ components of a velocity vector, 
phase velocity is not conveniently generalized 
from one dimeuision to three. 

PHASE SPACE (OR GAMMA SPACE). A 

Euclidean hyperspace of 2/ dimensions, hav- 
ing 2/ rectangular axes, one for each of gen- 
eralized coordinates gi, 70, 73 • • • 7;, and one 
for each of the corresponding momenta, pi, 
Pa * * * P/- By classical mechanics, it is 
possible to define completely the instanta- 
neous state of any system of n degrees of 
freedom by means of a phase point in this 2n 
dimensional hyperspace. 


Phase Stability, Principle of — Phasitron 
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PHASE STABILITY, PRINCIPLE OF. In 

a frequency-modulated cyclotron, the changed 
particle should be accelerated in each cycle 
at a time just beyond tluit corresponding to 
the peak value of the accelerating potential. 
If the particle arrives at a time slightly dif- 
ferent from this, it will receive a greater (or 
smaller) increment in energy, hence in mass 
(at relativistic energies). The time it takes 
to traverse the orbit will then be changed Uich 
that on tlie next cycle it tends to arrive at tlie 
proper time. The rotation of the charged 
particle is thus automatically synchronized 
with the changing frequency of the accelerat- 
ing potential. 

PHASE VELOCITY. Of a traveling plane 
wave at a single frequency, the v(‘locity of an 
equiphase surfaec along the wave normal. 
(See also group velocity.) 

PHASE VERSUS FREQUENCY RESPONSE 
CHARACTERISTIC. A p’aph or tabulation 
of the phase shifts occurring in an electrical 
transducer at several frequencies within a 
band. 

PHASITRON. A frequency-modulator tube 
designed to make possible the introduction of 
comparatively-wide iduise excursions at audio 
rates in a crystal-controlled, radio-fiV(iuency 
carrier voltage'. 

CATHODE 


FOCUS ELECTRODE* f 
FOCUS ELECTRODE *2 
NEUTRAL PLANE 
ANODE * 2 
ANODE * 1 

DEFLECTOR GRiO 


Fig. 1. Cut-away view of the GL-2II21 phasitron 
(By porniisbion from “Tlio Radio Manual” by SUt- 
ling auil Monroe. 4t}i Ed., (Joiiyri^ht 1950, IX Van 
Nostrand Co., Inc.) 

In the cut-away v^ew of the phasitron, 
anodes 1 and 2 are maintained at a positive 
d-c potential, and draw electrons from the 



cathode. By means of the two focus elec- 
trodes, these electrons are formed into a 
tapered, thin-edged disc. This disc, with the 
cathode as its axis, lies between the neutral 
plane and the deflector grid structure, and 
extends to anode 1. 

The deflector grid consists of 36 separate 
grid wires. These wdres are lettered A, B, C, 
A, B, etc. All the A grid wires are connected 
together as arc all the B grid wires and all 
the C grid wires. 

The output of a crystal-controlled oscil- 
lator is amplified, and fed into a i)hase-split- 
ting network that converts the single-phase, 
radio-frequency voltagi to a three-phase volt- 
age. This three-phase voltage is connected to 
grids A, B, and C so that they have equal 
magnitudes of voltage 120° apart. 

The deflection action on the disc of elec- 
trons is as follows: Consider the time when 
the voltages on A grids arc a positive maxi- 
mum. The beam will be deflected downward 
tow^ards all A grids, but repelled equally from 
B and C grids which have equal negative 
potentials at this time. The edge of the beam 
would become serrated as shown in the»s(‘cond 
figure. 120° later the beam will be deflected 



Fig. 2. Perppertive view of electron disc (By per- 
misj^^ion from “The Radio Manual” by Sterling and 
Monroe, 4th Ed., Copyright 1950, D. Van Nostrand 
Co., Inc.) 

downward towards B, and repelled equally 
from A and C, so the electron disc will have 
the same fonn, but will appear to have re- 
volved the distance betw^een grids. 

The third figure shows a plane view of 
anode 1. The anode has 24 holes, 12 above 
the plane of the electron disc, and 12 below. 
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Fhasmajector — Phonon-electron Interaction 


The rotating, serrated edge of the electron 
disc impinges on this series of holes. At an 



Fik 3 Developed Mew of anode (Bj'^ penni‘<‘?jon 
from “The Radio Manual” bv St( rliiiK an<l Moiiiot, 
4lh Ed , Cojiviight 1950, D Van Nosti ind C%) , Inc ) 


instant when the disc edge is lined up, as 
shown by the solid line in the tlnrd figure, 
inusx, of the eh^etrons pass on through to anode 
2 1S0° later Ihe edge of the disc lias mov(‘(l 

to the position ‘^hown by the doited line and 
few, if any, electrons got through to anode 2 
Thus, the current flowing to anode' 2 vanes 
sinusoidally at the crystal frequency. Also, 
it can he seen that any change ui the angular 
velocity of rotation of the disc wull result in 
])ha'-c and froc|uency variation in the outfiut 
A eurrcni-(‘arrying coil placed around the 
tube ]’)roduces a magnetic field iieri'iendicular 
to the plane of the electron disc This mag- 
netic field thus is capable of producing an 
angular displacement of the disc, causing 
j>hase shift in the outjnit current indicated 
above. The flow^ of modulating curn'nts thus 
j)!oduces a i)r()[)()rlional maiUK'tic field whicli 
causes a propoi’tional eliange in angu dis- 
placement of the disc, tlie result being an 
anode 2 current modulated in phase j)ropor- 
tional to the modulating signal. 

FHASMAJECTOR. The name sometimes ap- 
jilicd to a monoscope. 

PHI. (1) Electron affinity (net work func- 
tion) (<^), gross electron affinity (</>/;)• (2) 

Angle ((/>), angle of incidence angle of 
refraction (</>'), polarizing angle (</>), critical 
angle (3) PTinction of i<^). (4) Fluid- 
ity (</>). (5) Magnetic or radiant flux (§). 

(5) Electromagnetic scalar potential f<^). (7) 

Hydrodynamic velocity potential {<!>). (cS) 
Electronic state of molecule having A-value 
of 3 (^). 

PHI (*) POLARIZATION. Sec polarization, 
phi. 


PHON. Tlie unit of loudness level of a sound, 
defined as numerically equal to the sound 
pressure level in decibels, relative to 0.0002 
microbar, of a simple tone of frequency 1000 
cycles per second which is judged by the lis- 
teners to be equivalent in loudness. 

PHONETICS. The science of speech. 

PHX>NOGRAPH. A s 3 ^stom for the repro- 
duction of sound from a record. The tenn 
usually rebus to j s^^stem in wdiieh a stylus 
follows the undulations in (he groove of a 
record aiul transforms theso undulations into 
the corii‘s])oiiding acoustical or electrical vari- 
ations 

PHONOGRAPH, MECHANICAL. A me- 

cluuu)-a(‘uustic transducer actuated by a 
l4ioi?ograph record. By means of an acous- 
tieal ‘•v^bu'U tlie mechanical ])honograi)h radi- 
ate^ a(‘ou--tic ('ucrgv" into a room or open air. 

PHONOGRAPH PICKUP (MECHANICAL 
REPRODUCER (PLAYBACK HEAD). A 

iii(‘e}uuio-( !( etneal transducer which is actu- 
ated l)v modulations ])rt‘s(‘nt in th(‘ groove of 
the ie<*('iding mediuin and which transforms 
this mechanical input into an electric outjuit. 

PHONOMETER, WEBSTER. A cylindrical 
resonator tunable by length variation over a 
wide range ot trequ<ncies witli a tuned dia- 
jihragm iiiouiiled in tlie resonator opening. 
The piessiin' amfilitiule of tiic ^'ound at the 
diaplirainn is tiropurtional to the displace- 
ment anqditude of the diaphragm. The dc- 
M(e is U'cd to lma.■^ure sound intensity. 

PHONON. A progressive wave in an acous- 
tic mode of thermal vibration of a crystal 
lattice (or in liquid helium II). The theory 
01 lattiei' vibrations is ii' many respects sim- 
ilar to that of the electromagnetic field, and 
it IS eonvonienl to introduce “{larticles,” de- 
fined Ity wave-packets, moving through the 
UKulium with the group velocity, and capable 
of being anniliilated, created, scattered, etc., 
by interaction wuth electrons and lattice im- 
perfections. Like a photon, a phonon is quan- 
tized to have the energy hv, where v is its vi- 
brational frequency, and h is Planck's con- 
stant The eonrept of phonons allows a great 
formal simplification in theories of thermal 
and electrical conduction in solids. 

PHONON - ELECTRON INTERACTION. 
See scattering of electrons in solids. 
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PHONON, LONGITUDINAL, OR TRANS- 
VERSE. The acoustic modes of crystals fall 
into three distinct branches, which may be 
identified with the three types of polarization 
of the vibration, io, parallel to the wave 
vector (longitudinal), or m one of the two 
perpendicular directions normal to the wave 
vector (transverse). The actual polariza- 
tions arc never exactly thus, except along 
certain symmetry directions in the ciystal, 
but usually this assumption is a reasonable 
approximation. The dislinction between the 
different types is not negligible in phonon- 
phonon and phonon-electron interactions. 

PHONON MEAN FREE PATH. A quantity 
A defined from the thermal conductivity K of 
a dielectric solid, from its volume heat capac- 
ity C, and from the average velocity of &ound 
V in the solid, by the formula 

K - \Cv\. 

A does indeed represent roughly the mean 
free path of a phonon as it carries thermal 
energy through the crystal, but it is not easy 
to assign to it an exact microscopic signifi- 
cance in terms of the various processes by 
which a iihonon is scattered However, in 
glasses, A has about the dimensions of the 
unit of siructure (eg , tlie SiOj tetrahedron), 
whilst m good crystals it varies as e" at 
at low temperatures, according to the theory 
of Umklapp processes. In the region of 
boundary .scattering, A is about the diameter 
of the specimen. 

PHONON-PHONON INTERACTION. The 
thermal vibrations of a crystal lattice are 
only independent of one another as first ap- 
proximation. When the anhannonic terms 
are taken into account, it i^ found that there 
arc processes by which th(' modes interact, 
for example, by the mutual interference of 
two phonons to make a tfnrd. Tliese ^^col- 
lisions,” especially the Umklapp processes, 
are responsible for the thermal resistance of 
a dielectric solid at high temiieratures. The 
exact theory is complicated, and has not been 
worked out in detail. 

PHOSPHOR. Any substance which exhibits 

luminescence. 

PHOSPHORESCENCE. Luminescence 

which is delayed by more than 10”® seconds 
after excitation. It may be associated with 


transitions from a higher excited state to a 
lower one, the energy going into a radiation- 
less rearrangement of the system. If the 
lower state is mctastable its lifetime may be 
considerable before it finally decays by a 
highly forbidden radiative transition to the 
ground state. Another process (as in ZnS) 
depends on the ionization of activator atoms, 
the freed electrons being trapped and only 
released slowly for recombination. 

PHOSPHORUS. Non-metal lie element. 

Symbol P. Atomic number 15. 

PHOT. A unit of luminance equal to 1 lu- 
mcn/sq cm. 

PHOTOCATHODE. An electrode used for 
obtaining jihotooloctnc emisbion when irradi- 
ated, whicli IS thus the irradiated negative 
el(‘(‘trodc in a phototube. (See also photo- 
emissive effect.) 

PHOTOCELL. The old designation for all 
photo(‘lec1ric devices, including those dis- 
cussed in this ))ook in the entries on photo- 
conductivc detector, phototube and photo- 
voltaic cell. ♦ 

PHOTOCELL, “GAS." See phototube. 

PHOTOCONDUCTION. See photoconduc- 
tive effect. 

PHOTOCONDUCTIVE DETECTOR. Ap- 
paratus useil to detect (and/or measure) ra- 
diant energy by eliange m electi'ical i-esist- 
ance. Sernn onduetors such as lead sulfide, 
lead selcnide, lead tellunde, germanium and 
many others, when doped v^itli the proper 
amount of certain impurities, are used as ra- 
diation detectors, particularly in the near 
(1~10 microns) infrared because of their pho- 
toconductive properties. 

PHOTOCONDUCTIVE EFFECT. Many 
substances exhibit a marked increase in elec- 
tric conductivity when illuminated. Thus 
gases may be ionized by light as well as by 
ultra-violet radiation or x-rays But the term 
photoconductivity is commonly applied to 
crystals which, ordinarily very poor conduc- 
tors, become distinctly conducting under the 
action of light. In general terms, the light 
excites electrons into the conduction band, 
where they can move freely, and carry a cur- 
rent. 

The most noted example of this phenome- 
non is found in selenium, whose photoconduc- 
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tivity has been known since its discovery in 
1873 by May. Unfortunately selenium is far 
from typical in its manifestations of the prop- 
erty, and the hundreds of researches on it 
have given many conflicting data. It has 
finally been recognized, from the work of 
Gudden and Pohl, that photoconduction is of 
two general types: primary or true photocon- 
duction, which is the direct result of radiation 
penetrating the substance; and secondary ef- 
fects set up by the photoconduction itself. 
The fact that in selenium the several second- 
ary effects quite obscure the primaiy jihoto- 
conduction is what has occasioned so much 
confusion. The primaiy photoconduction 
current in a ciy&tal is in general proportional 
to the intensity of the illumination; the sec- 
ondary is not, and, in the ca^^e of 'Might-nega- 
tive’^ selenium, it may actually neutralize the 
primary and render tlie crystal less conduc- 
tive tium when in the dark. Some* crystals, 
said to be "idiochroinatic,” are ])hotoeondiic- 
live in the pure stale, while ollu'rs, called 
‘Mallocliromatic,” acquire the prop(‘rty only by 
reason of impurities or of previous ex'posure 
to suitable radiation Other reiire^entative 
photocon(]uctiv(‘ substances are lead sulfide 
and germanium, 

PHOTOCURRENT COEFFICIENT. The 

change in photoeurront gem rated bv a pho- 
totube per unit change in radiant flux pro- 
ducing it. 

PIIOTODISINTEGRATION (CROSS SEC- 
TION FORMULA). The eross s(‘ctinn for 
the photodisintegration of the deuteron is 
given by: 



3 mcE^ / hv^ 

\Eo/ 

where Eq is the binding energy of the deuteron 
(2.23 Mev) and hv is the energy of the pho- 
ton. 

PHOTOELASTICITY. This badly chosen 
term refers to certain changes in the .optical 
properties of isotropic, transparent dielectrics 
when subjected to stresses. For example, a 
block of glass, free from optical flaws, exhibits 
“forced” double refraction when put under 
compression or tension parallel to one of its 
dimensions. If the block is placed between 


crossed Nicol prisms, the field remains dark 
so long as the glass is in its normal condition, 
but as stress is applied, colored fringes appear 
which are characteristic of the internal defor- 
mations of the glass. 

PHOTOELECTRIC ABSORPTION. Ab- 
sorption of photons in the photoelectric ef- 
fect. 

PHdTOELECTRIC CELL. See phototube. 

PHOTOELECTRIC CONSTANT. A quan- 

tity ecjual to h/e where h is the Planck con- 
stant, and e, the electronic charge, and wdiich 
inulli])lied by the frequency of any radiation 
exciting photoemission gives the potential dif- 
ference corresponding to the quantum energy 
absorbed by the escaping photoelectron. 

h/e = 1.1319 X 10~' erg ' sec* emu 

= 1.3793 X 10"“’^ erg sec-esu""^ 

PHOTOELECTRIC EFFECT. In its earlier 
use, this term covered broadly all changes in 
electrical characteristics of substances due to 
radiation, generally in the form of light. 
Currently, the photoconductive effect and the 
photovoltaic effect, in tijcir narrower mean- 
iiig.s, are not incliulc'd, and they are defined 
separately in this book, and the term photo- 
electric effect is restricted to the “photoemis- 
sive effect ” In this effect, radiation of suffi- 
ciently high frequency, “short wavelengtli,” 
impinging on certain substances particularlv, 
but not exclusively, metals, causes bound elec- 
trons to be giA^en off with a maximum veloc- 
ity jiroportional to the frequency of the ra- 
diation, i.e., to the entire energy of the pho- 
ton. The Plinstein i)hotoelecti^c law, verified 
first by Millikan, states 

Ek = hv - cx' 

wdiere E^c is the maximum kinetic energy of 
an emitted electron, h is the Planck constant, 
V is the frequency of the rarliation (frequency 
associated with the absorbed photon), and <0 
is the energy necessary to remove the electron 
from the system. (See work function, elec- 
tronic. ) 

PHOTOELECTRIC EFFECT, ATOMIC. 
The ejection of a bound electron from one of 
the inner orbits of an atom of a gas, by an 
incident photon whose entire energy is ab- 
sorbed for each electron ejected. (See Ein- 
stein photoelectric equation.) 
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PHOTOELECTRIC EFFECT, INVERSE. 

Transfer of energy from electrons to radia- 
tion; for example, in an x-ray tube tliere is 
observed the transfer of energy from electrons 
accelerated by the anode voltage to radiation 
emitted by the target. This radiation exhibits 
a continuous spectiiim at lower voltage«j, upon 
which are superimposed, at higher voltages, 
intense lines characteristic of the anode, ma- 
terial. (See x-rays, continuous, and x-rays, 
characteristic.) 

PHOTOELECTRIC EFFECT, SURFACE. 

When a bound electron is ejected from a solid 
or lifpiid in the photoelectric effect by an in- 
cident photon, and the entire energy of the 
latter is absorbed, the kinetic energy of the 
ejected electron is given by the formula, 

Ek = hv — w 

where Ek iw the kinelic (*nergy of tlie eject(*d 
electron, h is the Planck’s constant, v is the 
fre([uciicy associated with the absorbed ydio- 
ton, w is the energy required to r(‘mo\e the 
electron from the system, or (ho work func- 
tion, electronic for the surface of the metal. 

PHOTOELECTRIC EMISSION. The phe- 
nomenon of emission of electrons by certain 
materials u[)on exposure to radiation, as dis- 
cussed under photoelectric effect. 

PHOTOELECTRIC EQUATION, EIN- 
STEIN. See Einstein photoelectric equation. 

PHOTOELECTRIC MULTIPLIER. A pho- 
totube in which the initial photoemission cur- 
rent is multiplied many times before being 
extracted at the anode (See multiplier, pho- 
totube.) 

PHOTOELECTRIC SENSITIVITY. The 

ratio of photoelectric emission current to the 
radiant flux density which caused the emis- 
sion. 

PHOTOELECTRIC THRESHOLD. The 

quantum of energy Eo - hvo, which is just 
enough to release an electron from a given 
system in the photoelectric effect. If the 
incident photon has greater energy, the excess 
will appear as kinetic energy of the ejected 
electron. The freqtcpcy vo is known as the 
threshold frequency and the corresponding 
wavelength \n, as the threshold wavelength. 
Thus, Eq = ~ }ic /\ q. 


PHOTOELECTRIC WORK FUNCTION. 

The energy required to secur(‘ the release of 
electrons from a given surface by photoelec- 
tric emission. (See photoelectric effect.) 

PHOTOELECTRIC YIELD. Photoelectric 
sensitivity. 

PHOTOELECTROMOTIVE FORCE. The 

electromotive force produced as the result of 
photovoltaic action. (See photovoltaic ef- 
fect.) 

PHOTOELECTROMOTIVE FORCE CELL. 
See photovoltaic cell. 

PHOTOELECTRON. An electron emitted 
from a matcu’ial by jihotoeniission (See 

photoelectric effect.) 

PHOTOEMISSIVE DETECTOR. Appara- 
tus used to detect (and/or measure) radnmt 
energy by emission of elections from a sur- 
face Chsentially a photo-cathode; the emitted 
oleelrons produemg, or more commonly con- 
trolling, an electric (‘iirient Thr‘ emitted 
electrons may also be gnen a hidi ydoeitv 
by a ])olential diffcnaice of sc^(lal thousand 
volts, and by falling upon a pliosphoieseent 
scre(‘n, form an imnee This is a '=‘p(M‘nI type 
of phototube a])paratus, ])articularlv us(dul 
in the \ery near infrared and longer ultra 
violet. 

PHOTOEMISSIVE EFFECT. Tlie election 
of electrons from a substance as a result of 
ratliation falling on it; a proecss more com- 
monly designated by the (originally broader) 
term photoelectric effect, under which it is 
discussed in this book. 

PHOTOEMISSIVE TUBE. Sec phototube. 

PHOTOGLOW TUBE. A special form of 
phototube whicli has increased sensitivity by 
virtue of the glow initiatcnl by light falling on 
th(‘ cathode. 

PHOTOGRAPHIC IMAGE, LATENT. See 
latent photographic image. 

PHOTOGRAPHIC SOUND RECORDER 
(OPTICAL SOUND RECORDER). Equip- 
ment incorporating means for producing a 
modulated light beam and means for moving 
a light-sensitive medium relative to the beam 
for recording signals derived from sound sig- 
nals. 
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PHOTOGRAPHIC SOUND REPRODUCER 
(OPTICAL SOUND REPRODUCER), A 

combination of light source, o])tical system, 
photoelectric cell, or other light-sensitive <le- 
vice such as a photoconductive cell, and a 
mechanism for moving a medium carr>dng an 
optical sound record (usually film), by means 
of which the recorded variations may he con- 
verted into electric signals of approximately 
like form. 

PHOTOGRAPHIC TRANSMISSION DEN- 
SITY (OPTICAL DENSITY). Tlie common 
logarithm of opacity. H(‘nce, film transmit- 
ting 100 per cent of the light has a density 
of zero, transmitting 10 per cent a density of 
1, and so forth. Density may be diffuse, 
sjK'cubir, or intermediate. Conditions must 
])e siieeified. 

PHOTOIONIZATION. See photoelectric ef- 
fect, atomic. 

PHOTO-ISLAND GRID. The photoemissive 
surface of an image-dissector tube. 

PHOTOLUMINESCENCE. Re(* discussion 
iiiid(T luiTiinesccnce, 

PHOTOMESON. A meson, commonly a 
TT-meson, ejected from a nucleus by an iin- 
junging pliolon. 

PHOTOMETER. An instrument used to 
make measurements of photometry. Pho- 
toinetcTs are of many types Those used for 
flux-density and candle-power measurement 
arc ordinarily designial to com])are the un- 
known with a known source by balancing in 
some way the flux densities from the two 
soiirces. The most common representatives 
of this ty|i(’ are the various forms of bench 
photometer, of wedge photometer, of polari- 
zation photometer, and of integrating .pho- 
tometer. An im])orUint aspect of light-sourco 
photonu'try is the study of the distribution 
of luminous intensity in different directions — 
a variable which the integration photoiiieter 
is designed to average. Direct indications of 
lun\inous flux density or of illumination arc 
afford('d by photometers utilizing tlic photo- 
electric cell, the selenium cell, or the pho- 
tronio cell (sec photovoltaic effects). Spec- 
tral energy distribution is analyzed by means 
of various types of spectrophotometer. 

PHOTOMETER, EXTINCTION. Sec ex- 
tinction photometer. 


PHOTOMETER, FLICKER. See Bicker 
photometer. 

PHOTOMETER, INTEGRATING. See in- 
tegrating photometer. 

PHOTOMETER, MARTENS POLARIZA- 
TION. A photometer in which tlie beams of 
light from standard vsourco and comparison 
source arc split into two coini)onents by a 
Wollaston prism, one component from each 
beam then passes through an analyzing 
Nicol prism, so oriented when the photo- 
metric field is balaneed, that it measures the 
relative luminances of the original lieains. 

PHOTOMETER, POLARIZATION. See po- 
larization photometer. 

PHOTOMETER, WEDGE. Sec wedge pho- 
tometer. 

PHOTOMETRIC STANDARD. One-sixti- 
eth of tlie luminance of a complete radiator 
at the freezing point of platinum. (The lu- 
minance of such a complete radiator is 60 
candles per scpuire e('ntiineter.) 

PHOTOMETRY, The measurement of lu- 
minous inlcnsity, of luminous flux density, or 
of illumination i.s known as photometry. The 
intensity of a light source may be expressed 
in eaiKlles or other arbitrarily defined sonree- 
unils (se(‘ candle power), while luminous flux 
dentil y and illumination arc e.xpressed in lu- 
mens per unit area of cro'"— section or of sur- 
face. A ^‘lumen’^ is the amount of light or 
luminous flux rec(*ived upon a unit surface, 
all points of w Inch are at a unit distance from 
a concentrated source of one spherical candle 
intensity. 

Since tlie energy of radiation is not at all 
equally slimulating to the optic niTvc, we 
must recognize t'wo different ineasun's of its 
inten'^ity; (1) the luminous flux density, in 
lumens per sq cm of cross-soclioii, correspond- 
ing to the visual sensation evoked, and (2) 
the actual flow of power, in watts per sq cm, 
called the radiant flux density. The ratio of 
the one to the other for any wavelength is the 
“visibility factor'’ for that wavelength, while 
for tl'e whole of any emission (all wave- 
lengths) the corresponding ratio is called tlie 
luminous efficiency of the emission. The 
cflicicncy of a light source is expressed in lu- 
mens of visible output per watt of input 
power. 
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PHOTOMICROGRAPHY, The photography 
of objects with the microscope. It should be 
distinguished from microphotography, which 
is the term applied to production of small 
images. The apparatus for photomicrography 
consists of a light source, the microscope and 
a camera, all mounted on a rigid base. 

PHOTOMULTIPLIER. (See multiplier 
phototube.) • 

PHOTONEGATIVE. Having decreasing 
conductivity with increasing radiation. 

PHOTON. (]) A quantum of electromag- 
netic energy. The energy of a photon is Av, 
where h la the Planck constant, and v is the 
frequency associated with the photon. The 
term photon usually refers to a plane-wave 
quantum of electromagnetic energy, for'which 
the momentum is Av/r, and the component of 
angular momentum in the direction of the 
motnentum is rt-A wdiere c is the velocity of 
light and A is A/27r. (2) A name once given 

to the unit of visual stimulation now called 
the troland. 

PHOTONEUTRON. A neutron emitted 
from a nucleus in a photonuclear reaction. 

PHOTONUCLEAR REACTION. A nuclear 
reaction induced by a photon. In some cases 
the reaction probably takes place via a com- 
pound nucleus formed by absorption of the 
photon and distribution of its rn(*rgy among 
the nuclear constituents; the nucleus may then 
^‘evaporate” one or more particles (sec spal- 
lation; an<l liquid-drop nuclear model) or 
undergo photofission. In other eases the pho- 
ton apparently interacts directly with a single 
nucleon, which is ejected as a photoneutron 
or photoproton without ap])reciable excitation 
of the rest of the nucleus. 

PHOTOPHORESIS. A phenomenon in which 
a unidirectional motion is given, by a strong 
beam of light, to a system composed of very 
fine liquid or solid particles, which are sus- 
pended in a gas or falling through a vacuum. 

PHOTOPOSITIVE. Having increasing con- 
ductivity as a result of increased radiation. 

PHOTOPTIC VISION. Vision that takes 
place through the k / dium of the retinal 
cones occurs at moderate and high levels of 
luminance ani allows distinction of colors. 


PHOTOPROTON. A proton emitted from a 
nucleus in a photonuclear reaction. 

PHOTOSENSITIVE. Exhibiting a photo- 
electric effect. 

PHOTOTRANSISTOR. A thin wafer of ger- 
manium in which holes are generated by light 
absorption, and produce a multiplied photo- 
current by transistor action at the collector. 

PHOTOTROPY. A reversible isomeric change 
in solid substances attributable to the influ- 
ence of light energy and accompanied by a 
color change. 

PHOTOTUBE. An electron tube that con- 
tains a photocathode, and has an output dc- 
f)cnding at every instant on the total photo- 
electric emission from the irradiated area of 
the photocathodo. 

PHOTOTUBE, CAESIUM. A phototube 

with a caesium cathode 

PHOTOTUBE, MUI.TIPLIER. A photo- 
tube wdth one or more dynodcs between its 
photocathode and the oiifjmL (*loctTO(Te. In 
general, the electrons emitted from the iilioto- 
cathode as a result of incident radiation are 
amplified I y vocondaiy einisMon (See coun- 
ter, scintillation.) 

PHOTOVARISTOR. A varistor in which the 
current-voltage relation may be modified by 
illumination, e.g , cadmium sul])liide or lead 
telluride. 

PHOTOVOLTAIC CELL. (1) Apparatus 
used to delect (and/or measure) radiant en- 
ergy by generating a potential in the bound- 
ary (called the barrier layer) ol an ideclrode 
consisting of two types of material, by the 
action of the radiant energy to be d('tcctcd 
(See detectors, infrared.) (2) An electro- 
lytic cell which sets up an electromotive force 
upon incidence of radiation, commonly light. 

PHOTOVOLTAIC CELL, BECQUEREL. 

A photovoltaic cell having tw^o identical elec- 
trodes, for example, silver electrodes coated 
witli silver iodide, immersed in silver iodide 
solution Bccqucrers early w'ork with such 
cells, which produced an electromotive force 
and current only when illuminated, gave the 
name Becquerel effect to the photoelectric ef- 
fect, or to this particular application of it. 
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PHOTOVOLTAIC CELL, COPPER-OX- 
IDE. A photovoltaic cell utilizing the bar- 
rier layer between copper and cuprous oxide 
as the active area. 

PHOTOVOLTAIC CELL, FRONTAVALL. 
A photovoltaic copper-copper-oxide cell in 
which the barrier layer lies at the boundary 
between top electrode and the cuprous oxide. 

PHOTOVOLTAIC EFFECT. The produc- 
tion of an electromotive force by incidence of 
radiant energy, commonly light, upon the 
junction of two dissimilar materials, such as 
a p-n junction or metal-semiconductor junc- 
tion. 

PHOTOX CELL. Trade name for a common 

photovoltaic cell. 

PHOTRONIC CELL. Trade name for one 
form of a photovoltaic cell. 

PHYSICAL MAGNITUDES AND PHYSI- 
CAL EQUATIONS. Physics is a quantita- 
tive science, dealing primarily with things 
measurable and expressible in units. There 
are hundreds of these physical magnitudes, 
some simple, some requiring elaborate defini- 
tion. Many obvious relations exist between 
them; lor example, pressure (or any stress) 
is the ratio of a force to an area. C/areful 
study re\eals that most physical magnitudes 
have their measures so defined that they may 
be expressed in terms of not more than three 
elementary or fundamental magnitudes, com- 
bined in various ways. As to \sliich magni- 
tudes should be regarded as fundamental, cus- 
tom has fixed the choice upon length, mass, 
and time; to which many physicists add mag- 
netic permeability and dielectric constant, 
making five in all. In the cgs system, for 
example, the first three of these magnitades 
are respectively repre.scnted by the centimeter, 
the gram, and the second, and all other ])hysi- 
cal units of the system except the magnetic 
and electric units arc expressible in tenns of 
these. Thus the unit of s]iced i*^ 1 centimeter 
per second; of area, 1 square centimeter; of 
force (the dyne) , 1 gram-centimeter per sec- 
ond per second; etc. This analysis may be 
generalized so as not 1o depend upon any 
specified system of units. Thus if length be 
denoted by L, mass by M , and time by T, the 
“dimension formula” for speed becomes L/T, 
for area Z/^, for force ML/T^, etc The der- 
ivation of such relationships, called “dimen- 


sional analysis,” is a highly important item 
in theoretical physics. 

In order that two physical quantities may 
be equal, or that one may be added to or sub- 
tracted from the other, it is obvious that they 
must have the same makeup and be expres- 
sible by the same combination of fundamental 
units. It follows that in an equation express- 
ing relationship between physical magnitudes, 
both* members and all terms of each member 
must have the same dimension formula. For 
example, the total area of a right circular 
cone of altitude h and having a base of radius 
r is a - + TrrVr- + each term of which 

has the dimension formula (since tt is ab- 
stract). Again, the angle <#> of an al- 

ternating current of freciuenej n (per second) 
in a circuit of resistance R (ohms), inductance 
L (heniys), and capacitance C (farads) is 
given by 

4ir^n^LC - I 


Since (an <#> is an abstract quantity, the frac- 
tion on the right must also be al)stract. Since 
the 1 in the numerator is abstract, the other 
term and the whole numerator must 

be also; hence the denominator is abstract. 
That is a, R, and C sliould have such dimen- 
sions that the componei.t fundamental magni- 
tudes cancel when the product vRC is formed. 
This is true; for the dimension formula of n 
is 1/T, and (in electromagnetic measure) that 
of R is fiL/T, and of (7, in which /x 

represents magnetic permeability. Some 
])liysical magnitudes are themselves abstract, 
and therefore independent of the system of 
units in use; specific gravity and refractive 
index are in this class. 

PHYSICAL MASS UNIT. See amu. 

PHYSICAL MEASUREMENTS. Physical 
quantities have practical significance only as 
they are capable of measurement and of ex- 
pression as bearing definite numerical ratios 
to appropriate units ]n some cases this com- 
parison ('an be made directly, as by applying 
a yardstick to the length of a room. More 
often the quantity to be measured is incapable 
of such direct attack, and must be determined 
by moans of known relationships to other 
quantities which are observ^able. Thus an 
electric current can be measured only by ap- 
pealing to certain of its effects; for example, 
it can be made to form an electrochemical 
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depo-^ii for an observed time and the mass of 
the deposit then weighed. Likewise, the ob- 
servable change in volume of mercury is a 
convenient '‘measure'' of change in tempera- 
ture. 

Most phy.sical units arc expressible in terms 
of certain primary standards, which are units 
of the fundamental magnitudes, length, mass, 
and time; sometimes in connection with the 
projierties of specified substances In most 
jihysical measurements these primary stand- 
ards are the meter, the kilogram, and the 
mean solar day. Other "derived" units arc 
defined in terms of the^c or of multiples or 
aliquot subdivisions of them (centimeter, 
gram; see cgs system) Thus the density of a 
substance may be expi(‘ssed m g/cnr*, the watt 
of power is g cm" scc‘* The centigradt^ 
degree is ^ioo of tlie tempcTatiirc interval 
between th(‘ freezing anfl boiling points ol 
water, which is sulidivided on the basis of 
some specified t( mperatiire measure such as 
the ])ressure or the \oluine of a gas, the elec- 
trical resistance of a wire, etc , and these in 
turn must he detei mined m units approjniate 
to the respecti\e magnitudes Wlion the 
measurement of a physical quantity gives its 
value in terms of the quantities used in de- 
fining its fundamental units, the measnreinent 
IS said to lie "absolute" This is the ease, 
for example, with the measureiiK'nt of elee- 
tric current hy observing the force witli which 
a magnetic field of known intensity acts upon 
the eonduetor carrying the eiirient (See 
abampere.) 

In all physical measurements, the instru- 
ments used must he "calibrated"; that is, the 
relation of cacli subdivision on the instrument 
scale to the unit of the (piantity ineasurerl 
must he ascertained If each subdivision 
corresponds to exactly one unit, the instru- 
ment IS said to l)e "direct reading"; this is 
usually true, for exainjile, of ammeters and 
voltmeters, but seldom of galvanometers. 

Various instrumental principles have be- 
come standard m physios We have, for cx- 
amjile, many instruments utilizing the ver- 
nier, the micrometer, or the optical lever prin- 
ciple There are also C(*rtain well-known gen- 
eral observational methods, some of w'hich are 
designed to minimize errors. In the method 
of "substitution," a cpiantity is detennined 
by ^substituting for ii a knowm quantity wdiieh 
produces the effect. In the very com- 

mon "differential method," the quantity re- 


quired is the difference between tw'^o actually 
measured quantities. The "null" or "bal- 
ance" method consists in adjusting the ap- 
paratus so that the indicator of the measur- 
ing instrument read^ zero, as the galvanom- 
eter used with a Wheatstone bridge. In the 
"cumulative method" a large multiple of the 
quantity souglit is measured, e g., the thick- 
ness of a sheet of paper may he found from 
that of a Ihousand sheets The “coincidence 
method" is useful in measuring periodic phe- 
nomena, as in comparing ihe periods of two 
pendulums by observing how often the swines 
eomeirle "Compens. (ion" applies to any 
method m which an error is made to neu- 
tralize itself, as in double weighing (see 
weighing methods) ]\Tany other schemes, 
often highly ingenious, are in common U'^e in 
physical laboratories (See error and (*ntnes 
imniediatelv following ) 

PHYSIOI.OGICAL ACOUSTICS. That part 
of acoustics which is conc(*rn( d witli tlie j)io- 
(luction and detection of sound by living or- 
gans 

PI. (1) The ratio of tlie cii cnmfeTenfe of a 
circle to its diariuter (tt) ( 2) Peltier coefTi- 
eient (H). (3) Ih'rtzian V(‘ctor (II). (i) 

Povnting v'eetor (tt) (o) Electronic slate of 
inoh'ciile, having A-value of 1 (11) ((>) Os- 

motic jiressiire (II) 

PI NETWORK. Se(> network, pi. 

PICARD METHOD OF SUCCESSIVE AP 
PROXIMATIONS OR ITERATION. \ nii 
mcrical method for solving difierential eepia- 
tions. If the gi\en equation is 7/' = /(r?/) 
suliject to the condition that y - 7/0 when 
X - Xoy the solution may he WTitten in the 
form of an integral equation 

2 / = ?/o + I f(rj/)dx. 

An approximate solution is 

J/i = J/o + I f(x,yn)dx. 

Iteration yields more exact solutions: 

J/2 = J/o + I f{^,yi)dx; • • • 

J/n = J /0 + I f(x,y„-i)dx. 

•^XO 
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PICK OFF CIRCUIT. The name sometimes 
applied to a bistable multivibrator or trigger 
circuit. 

PICKUP. (1) A device that converts a 
sound, scene, or other form of intelligence 
into corresponding electric signals (e.g., a 
microphone, a television camera, or a pho- 
nograph pickup). (2) Th(‘ minimum cur- 
rent, voltage, power, or other value at wliieh 
a relay will com])lcte its intended function. 
(3) Interference from a nearby circuit or sys- 
tem. (-1) A nuclear reaction in which an in- 
cident pailicle removes a nucleon from a tar- 
get nucleus, and proceeds with the nucleon 
hound to itself. 

PICKUP, ACOUSTIC (SOUND BOX). A 
device vvhi(*h transforms groove modulations 
directly into acoustic vibrations. 

PICKUP, CAPACITOR, fl) A phonograph 
or vibration pickup wliose transducer func- 
tions basically as a capacitor microphone. 
(2) A variable-capacity pickup in which tlie 
(‘aj)acitance variation cause's an oscillator to 
be frecjuency-modulated. 

PICKITP, CRYSTAL (PIEZOELECTRIC 
PICKUP). A phonograph pickup which do- 
pcMids for its operation on the generation of 
an ('lectrie charge by the deformation of a 
body (usually crystalline) having piezoelec- 
tric jiropcrtics. 

PICKUP, DYNAMIC. See pickup, moving 
coil. 

PICKUP, ELECTRONIC. A phonograph 
pickup in which tlio output is generatcel by 
the inotion of an electrode in a vacuum tube. 

PICKUP, FREQUENCY MODULATION. 
A phonograph pickup in which the frequency 
of a high frequency oscillator is varied })y 
altering one of the eh'inents in the oscillating 
circuit. By use of a discriminator tlie modu- 
lated high frcepiency output is transformed to 
the vibration frequency of tlic stylus. 

PICKUP, MOVING COIL (DYNAMIC RE- 
PRODUCER). A phonograph pickup, the 

electric, output of which results from the mo- 
tion of a conductor or coil in a magnetic field. 

PICKUP SPECTRAL CHARACTERISTIC. 

The set of siiectral responses of tlic device, 
including the optical parts, which converts 


radiation to electric signals prior to any non- 
linearizing and matrheing operations, 

PICKUP TUBE. See tube, camera. 

PICKUP, VARIABLE-INDUCTANCE. A 
phonograph pickup wliieh depends for its op- 
eration on the Aarialion of its iudiietanee. 

PICKUP, VARIABLE - RELUCTANCE 
(MAGNETIC PICKUP). A phonograph 
pickup which depends for its operation on 
the variation in tlie reluctance of a magnetic 
circuit. 

PICKUP, VARIABLE-RESISTANCE. A 
phonograph pickup which clcpenrls for its op- 
eration upon the variation of a resistance. 

PICKUP, VIBRATION. A ]n.kup employing 
any typo of transducer to convert the vibra- 
tory motion of machinery, vehicles, etc., into 
tlu* corresponding electrical current. 

PICTET METHOD. S('(‘ low temperature. 

PICTURE ELEMENT. In television, (1) 
the smallest ))ortions of an image that are dis- 
tingui.shahlc from each other; or (2) a seg- 
ment of a scanning line, the dimension of 
which along the line i.^^ exactly equal to tlie 
nominal liiu' width. (See line width, nomi- 
nal.) 

PICTURE SIGNAL. In television, the signal 
resulting from the scanning process. 

PICTURE SIGNAL, POLARITY OF. The 

sense of the potential of a portion of the 
signal repiesentiiig a dark area of a scone 
relative to the potential of a portion of the 
-ignal rei)rescnting a light an‘a. Polarity is 
-latcd as ‘d)lack negatm'^’ or “black posi- 
tive.’^ 

PICTURE TRANSMISSION, D-C. See d-c 
picture transmission. 

PICTURE TRANSMITTER. See transmitter, 
visual. 

PICTURE TUBE. See kinescope. 

PIERCE OSCILLATOR. See oscillator, 
Pierce. 

PIEZOELECTRIC EFFECT. The interac- 
tion between electrical and mechanical stress- 
strain variables in a medium. Thus, com- 
pression of a crystal of quartz or Rochelle 
salt generates an electrostatic voltage across 
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it, and conversely, application of an electric 
field may cause the crystal to expand or 
contract in certain directions. Piezoelectric- 
ity is only possible in crystal classes wliich 
do not possess a center of symmetry. Unlike 
elcctrostriction, the effect is linear in the field 
strength. 

The directions in which tension or compres- 
sion develop polarization parallel to the strain 
are called the piezoelectric axes of the crj^stal. 
Thus I he axis of a hexagonal quartz crystal 
indicated by the arrows in the figure is known 
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as an ‘'X-axis, ” and a plate eut, as shown, with 
its faces perpendicular to this direction is an 
"X-cut”; \\hile one cut with its (mccs j)jnailel 
to the lateral faces of the crystal is a ‘'Y-cut ’’ 
The magnitude of the piezoelectric polari- 
zation is proportional to the strain and to the 
corresponding stress, and its direction is re- 
versed when the strain changes from compres- 
sion to tension The principal fiiezoeleetnc 
constants of a crystal arc the polarizalious 
per unit stress along the piezoeleetrio axes 
While these constants are much greater for 
Rocludlo salt than for quartz, the latter is 
belter adajited to some purposes because of 
its greater mechanical strength and its stabil- 
ity at temperatures over ]00°C. 

PIEZOELECTRIC EFFECT, DIRECT. The 

production of electric charges on the faces of 
certain asymmetiie crystals when they are 
subjected to mechanical stress. 

PIEZOELECTRIC EFFECT, INVERSE. 

The mechanical strain jjroduced in certain 
asymmetric crystals when they are ])laced in 
an electric field. 

PIEZOELECTRIC EFFECT, QUADRATIC. 

A strain in a c^>^stal caused by a .«})ontane- 
ous polarization, or an applied field acting 
on a piezoelectric crystal. 

PIEZOELECTRIC LOUDSPEAKER. See 
loudspeaker, crystal. 

PIEZOELECTRIC MICROPHONE. See 
microphone, crystal. 

PIEZOELEC TRICITY. Electricity asso- 
ciated with the piezoelectric effect. 


PIEZOID. A finished piezoelectric crystal 
product after the completion of all processes; 
this may include electrodes adherent to the 
crystal. (See piezoelectric effect.) 

PIEZOID, RESONATING. A piezoid used 
as a resonator or oscillator. 

PIEZOID, TRANSDUCING. A piezoid used 
in a transducer. 

PIEZOMETER. An instrument for measur- 
ing pressure, particularly very high pressures. 

PIEZOMETER RING. A hollow ring sur- 
rounding a pipe to which it is connected by 
se\eral symmetrically spaced small holes so 
tlial (he i}ressiire in the ring is the average of 
the various values obtained at the holes in 
the pipe. A piezometer, or other pressiire- 
mea'-uring device, is connected to the ring to 
measure this average pressure. 

PIEZOMETER TUBE (OR STATIC PRES- 
SURE TUBE). A tube iii'-erled in a field of 
flow and designed to lead off a pressure cqii.'il 
to the local hydrostatic ])ro‘?sure. A small 
flush opc'iimg m the v\\all of a pipe meas- 
ure the pnsvun at the \vall, but more caie is 
necessurv bdoK* the pressure in a iri‘e ^tieam 
can be mea'^med The static tube, which is 
a smooth -ciidc (I tul)e pointing into the fhnv 
and communicating wdth it by a ring of small 
flush holes some distance from the end, is 
often iistal for this purpose. 

PILE. A nuclear reactor (see reactor, nu- 
clear). The term pile comes from the first 
nuclear reactor, which was mad(‘ by piling 
up graphite blocks and pieces of uranium and 
uranium oxide. The term reactor is becom- 
ing more commonly used. 

PILE OF PLATES (POLARIZING). When 
a beam of light impinges on a glass plate at 
the Brewster angle, the light is partly refh'cted 
and partly transmitted. The part reflected is 
plane-polarized. The part transmitted is 
partly polarized, normal to the reflected polar- 
ization. By then passing the transmitted 
light through another plate, it becomes more 
fully planc-]>olarized. A number of such pas- 
sages through plates gives excellent polariza- 
tion This method of polarization can be ap- 
plied to a beam larger than is practicable 
with a Nicol prism or other similar polarizing 
device, and does not heat as much as does 
fiolaroid material. 
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PILE, THERMO*. A series of thermo- 
couples, i e., junctions of two metals arranged 
so that their contact potential difference 
yields a measurable current, as bv connect- 
ing them in a circuit whi(‘h contains two con- 
tact points, at difTiu’ent temperatiiies, between 
the two metals. 

PILED-UP GROUP. A row of edge disloca- 
tions moving along the same slip plane, but 
ai rested by an obstacle (e g , grain boundary) 
behind which they pile ui), being held apart 
by their mutual repulsion. 

PILL-BOX ANTENNA. See antenna, pill- 
box. 

PILOT SPARK. A low-power spark used to 
create ionization to ]irepare tlie way for a 
larger discharge. The keep-alive oleetTodc 
in a TR tube (sec tube, TR) is one example 
of ilu' pilot spiirk. 

PILOT WIRE REGULATOR. The auto- 
matic regulation of the gain of long tcdephoiie 
eabU's, etc., with a sy^t(‘m wlueh employs a 
tc inpt'iatiue-scnsiine wire inside the cable 
as an average-temjierature sensing clement. 

PING. A pulse of sound of finite duration 
s(*nt out by a transducer. 

PING LENGTH. The extension in space of 
a single ping. It is ecpial to the product of 
the sound xelocity and the time duration of 
the J)ing 

PINHOLE “IMAGE.” If a small 0}umiiig is 
made m one side of a darkened room or box, 
an in\erted ]>ictur(‘ of objects outside ap])ears 
upon the wall ojiposite the ojiemng Such a 



DiaRram allowing foimiition of pmhoh' “iniag(’” 

picture differs from a true image in that it is 
not formed by light from a given point pf the 
source diverging and being reconvorged at the 
corresponding image- point, as by a Icrih, but 
is an effect of the rectilinear propagation of 
light. The only spot on the .screen reached 
by light from a given point of the source is 
that in direct line with the opening 


PION. A ir-meson. (See meson.) 

PIP. Collociiiialism for a peaked pattern on 
a catliode-ray tube, es})Ocially that due to a 
radar .signal. 

PIPE LINE, rolloquialism for coaxial cable. 

PISTONPHONE. A small chamber equipped 
wdh^a reeipioeating y>iston of incaMirable dis- 
jilaeement w lucli pi'rmils the (‘stablishment of 
a known sound pies^iire m tlie chamber. 

PITCH. (1) That attribute of auditory sen- 
sation m terms oi wdueh sounds may be 
ord(‘ied on a <eale extending from low to 
high, such a.s a musical scale Pilch depends 
piiinarily ujion tlie frecjucnc''^ of the sound 
stimulus, but it also d#']>ends upon the .sound 
pre^sin-e arul w'a\e form of the btinuilus. The 
pitch of a ''Ound mav b(‘ descrilied by the 
lref|uoncy of that ■-iinjilc tone, having a speci- 
fied sound pressure or loudness level, which 
secni^ to the a\('raee normal ear to jiroduee 
the same ]>itch (2) See pitch of screw. 

PITCH DIFFERENCE, MINIMUM PER- 
CEPTIBLE. The -mallest diff^Tcnoe in pitch 
that can 1)(‘ discerned by the average single 
ear 

PITCH LEVEL. The pitch level P is given 
by 

P - log>/, 

wbeie P in octaves^ / m kilocycles and A 
Is a eon^'tant 

PITCH OF SCREW. Axial distance between 
adpicent turns of a single thn ad on a screwx 

PITCH, STANDARD. T\u^ standard pileh 
]s 1 a.s(al on the tone “A'’ of IJO cycles ])er 
second \\ ith tins standard the fiequcncy of 
Middle C (locaitc'd in the tietave Ix'low the 
tone “A'') is 201 0 cveles per second. Mu.sieal 
instrumenl& should he capable of complying 
wdlh tliis standard wdieu ])layed wdiere the 
ambient temjiorature is 22°C (72^ F). 

PITOT TUBE. An open-ended tube usually 
of circular section pointing directly into the 
flow of a fluid and connected to a manometer. 
If the Reynolds number based on tube diam- 
eter and flow velocity exceeds 50, the pressure 
in the tube equals the total head (sec head, 
total 1 The Pitot tube is often combined with 
a static pressure tube and connected to a dif- 
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fercntial manometer The pressure difference 
measured is tlie dynamic pres«^ule and from 
tins the flow velocity may be computed. 

PITOT-STATIC TUBE. The instrument for 
the measurement of flow \elocity made by 
combining: in one unit a Pitot tube and a 
static head tul)e If the Pitot-static tube is 
aligned witli (he flow, the jiressure difference 
equals the dynamie })r(‘ssure ** 

PLAIT POINT. The point at which two con- 
jugate solutions of paitiilly miscible liquids 
have the same composition, so that the two 
layers bc'come one 

PLANAR NETWORK. Sih‘ network, planar. 

PLANCK CONSTANT. A universal con- 
stant, h, that has the \alue, i)v least squares 
adjust 0(1 oiitiiut \ allies of (i 02, “1 77 I 0 (XJ018 
X 10 eig sc‘(‘ond It is the' factor of pio- 
liortionality i elating the energy of a photon 
to its fieciuency, i e , E ~ hi 

PLANCK DISTRIBUTION LAW. See Planck 
radiation foimula. 

PLANCK EQUATION. See Planck radia- 
tion formula. 

PLANCK LAW. The tundaniental law of 
the quantum theory, (\pressing the essential 
concept th.it enm’gv tiausfers associated wuth 
ladiation such as light or x-rays are made up 
of definite (luanta or incieinints of enoigv 
inopoitional to the tieijiKUcy of the eojie- 
sponding ladjaiion This fiiopoition.ilitv is 
usually (\pi(s^(*(l bv the quantum foimuli 
E ~ hi, in which E is tlic value of the quan- 
tum m units of energy and i is tlie fieqiicney 
of the radiation 

h, the (Oust ant of inopoitionality , is known 
as tlie elementary (]ii intiim of action or nioie 
commonly, the Planck's constant. Since E is 
en(*rgy and v is fieqnericy, h has the dimen- 
sions of energy X time, or action. 

PLANCK RADIATION FORMULA. The 

relationship: 

hr^ d\ 

E\d\ = - j 

^ fkXT _ I 

w^here Exd\ is tl r intensity of radiation in 
the wavelength bard between k and k + dk, 
h is the Planck constant, c is the velocity of 
light, k IS J'i\e Boltzmann constant and T is 
the absolute temperature This formula de- 


scribes the sjioctral distribution of the radia- 
tion from a complete radiator or ‘‘black body.'' 
hc^ ~ Cl is know'n as the First Radiation con- 
stant with ch/k = C 2 us the Second Radiation 
constant. C 2 has the value 1 1384 cm deg 
This radiation formula can be written in other 
forms, ^iich as in teims of wave-number in- 
stead of wa\elength ANo it may be wTitten 
in term*? of energy density instead of radiation 
intensity. The value of the First Radiation 
constant wull def)end on the particular form 
of tlie radiation formula ns(*d 

PLANCKIAN COLOR. Tlu' color or w^ave- 
length-mtensily distribution of the light 
emitted by a black body at a given tempera- 
ture 

PLANCKIAN LOCUS. The locus of chro- 
maticities of Phinckian (black body) ladia- 
tors having \arious tempeKituies (Sei* fig- 
ure in definition of cbromaticity diagram.) 

PLANCKIAN RADIATOR. A complete 
radiator. 

PLANE. A surface on whiih any t^o jioints 
may be connected by a -traiglit line Its gen- 
eral (‘qiiation is Ar -I Ih/ f Ez 4 1> 0, with 

Ay B, C not all 7( 10 Thus tin locus of evory 
fiist degree eiinalion m i,?/ ^ i'> a pKiiu Otlu r 
loims of its e(iiiation are x ('i -f y ] z^c 
= 1, whole ajj r are the j // j-intcMcepts and 
tlie 1101 mal foim kr + fn/ + iz = where 
A /I, I .lie direction cosines of tin normal fiom 
tlu origin to the t)lane and p is the hngth of 
this normal 

PLANE EARTH FACTOR. Tlie ratio of the 
electric field strength that would result fiom 
propagation over an nnjioTlectlv-conducting 
plane earth, to that which would result from 
j)iopagation ovi r a pcifectly-condiicting plane 

PI.ANE OF POLARIZATION. See polariza- 
tion, plane of. 

PLANE OF SYMMETRY. An imaginary 
plane by which a body is divided into two 
parts, each of which is the exact mirror image 
of tlic other in the plane of symmetry. 

PLANE OF VIBRATION. If a ray of un- 
polanzcd light strikes a glass plate at the 
Brewster angle (tan i = n), the reflected light 
will be plane-polarized The plane of polar- 
ization is the plane containing the incident 
ray, the reflected ray and the normal to the 
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surface. The “plane of vibration’' is a plane 
containing the reflected ray (i.c., the plane- 
polarized ray) and normal to the plane of 
})olarization. The electric vector of the plane- 
polarized light lies in the plane of vibration. 
The magnetic vector of the plane-polarized 
light lies in the iflane of polarization. If the 
incident ray is itself plane-polarized, it will 
be n‘flected if its plane of polarization is in 
the plane of incidence, or in other words, if its 
plane of vibratiem i^ the normal to the plane 
of incidence. If, however, its plane of vibra- 
tion is in the plane of incidence there will be 
a minimum of reflection. 

PLANE-POLARIZED LIGHT. Ste light, 

plane-polarized. 

PLANE-POLARIZED SOUND WAVE. See 
.sound wave, plane-polarized. 

PLANE-POLARIZED WAVE. Se( wave, 

plane-polari/cd. 

PLANE WAVE. See wave, plane. 

PLANETARY ORBIT THEORY. The mo- 
tions of the planets are described, to a high 
degree of accuracy, by the laws of Kepler. 
The consistency of these laws the in- 

verse sciuare law (cf gravitation, Newton law 
of universal) is the major ba^is of support of 
the latter. In accordance with the discussion 
given under Coriolis effects, the difh'reiilial 
e(juations of motion are 

(fr (huM /(I0\^ 

dl^ \dt/ 

^ d^d dr do 

mr‘^ — - = ~-2nir 

dt^ dl dt 

where G is the gravitation constant, m is the 
reduced mass of the planet, M is the mass of 
the sun, r and 6 are the polar coordinates of 
the planet with the sun as origin. A single 
integration of the second equation yields the 
second law of Kepler. The substitution of 
r-(de/dt) =- C (a constant) into the first equa- 
tion and an elimination of the time shows that 
the orbits are conic sections, being ellipses if 
the total energy is less than zero, livperliolae 
if it is greater than zero and parabolae in the 
intermedi.ste case. Reinsertion of the time 
leads to Kepler's third law. 

All of the above treatment assumes that no 
bodies other than the sun affect the planet. 
No exact solution of the problem is possible 


Plane-polarized Light — Plasticity 

when the effects of neighl^oring planets, satel- 
lites, etc., are taken into account, but per- 
turbation theory may be used to obtain very 
close approximations. The agreement of the- 
ory and experiment has been excellent except 
in the case of Mercury, whose orbit is not 
(piite that predicted (see perihelion of Mer- 
cury, rotation of). The fact that this excep- 
tional case agrees with the pretliction of the 
general theory (U‘ relativity (^oc relativity, 
general theory of), indicates that this theory 
olfers a better approach than dex^s the Newton 
law of gravitation, altlioiigh the two theories 
agree within the observational accuracy for 
all of flic other planets. 

PLANIMETER, POLAR. An instrument for 
measuring tlie area enclost'd williin a given 
closcak contour or under a aiven curve; thus, 
a (le^ice for evaluating a definite integral, 
numerically. 

PLASMA. The region in a ga.s discharge 
which contains very nearly (Hpial numbers 
of })o^itn'e ions and electrons, and liencc is 
nearly neutral. 

PLASMATRON. A contimioiisly-controlla- 
ble gas-discharge tube which utilizes an inde- 
))(‘ndonily-generated ga^-dischargo plasma as 
a conductor hetwotm a hot cathode and an 
anode* Continuoiw modulation of the anode 
current can be* edtecte'd by sarialiem cither 
of the ce)nducti\ ity or the* effective cross-sec- 
tion of the p!a*^ina The* fiisl metlieid is baseei 
upon the moilulation eif the cle*ctron-ionizing 
beam whieh eontroK the jilasma density, and 
hence its condue’t ivitv. I’he second method 
makes use of the gating aedion of iiositivc-ion 
sheaths wliicli surround the wires of a grid, 
located between tlie anode and cathode. 

PLASTIC DEFORMATION. If sufficient 
stress is aj)])licd to a solid it may not return 
to it'*' original condition when the stress is 
removed. The theory of plasticity is ex- 
tremely eoinplicatetl, but in the case of metals 
miK'h f)n)gr(*sb has recently iioeii made by the 
introduction of the idea of dislocations. The 
shear strength of single crystals is unexpect- 
edly small, hut increases by work-hardening. 

PLASTICITY. A property of certain types 
of matter in which the deformation resulting 
from a particular stress is retained to a large 
extent oven after the removal of the stress. 
This is in distinction to elasticity. 
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PLASTICITY, INVERSE. See dilatancy. 

PLATE. A common name for the principal 
anode in an electrode tube 

PLATE CHARACTERISTIC. See electrode 
characteristic. 

PLATE CURRENT. Sec electrode current. 

PLATE DETECTOR. Sec detector,, bal- 
anced. 


PLATE DISSIPATION. The power loss oc- 
currinji; at the plate of an elecironic tube, 
which IS of consitlerable importance in high- 
voltage vacuum tubes The electrons in 
traversing the space between electrodes under 
the influence of the applied voltage acquire 
kinetic energy which must be dissij^ated when 
the electron is brought to rest upon striking 
the plate. This ])ower is efjual the product 
of the plate curnmt and plate voltage (it 
should be noted that this is the voltage at 
the plate and not necessarily the voltage ap- 
plied to the circuit since there is usually a 
droj) in the load). 

PLATE (ANODE) EFFICIENCY. The ratio 
of load circuit ])ower (alternating eurrent) to 
the plate power input (direct current). 

PLATE KEYING. Sec keying, plate. 

PLATE (ANODE) LOAD IMPEDANCE. 

The total im])edanee Ix'lween anode and 
cathode exclusive of the electron stream. 


PLATE (ANODE) MODULATION. See 
modulation, plate (anode). 

PLATE NEUTRALIZATION. See neutral- 
ization, plate. 

PLATE (ANODE) POWER INPUT. The 

direct-current power dclivncd to the ])late 
(anode) of an electron tube by the source of 
supply. It is the jiroduct of the mean anode 
voltage and the mean anode eurrent. 

PLATE (ANODE) PULSE MODULATION. 
See modulation, plate (anode) pulse. 

PLATE RESISTANCE. One of the vacuum- 
tube coefficients wdiich used in analyzing 
the behavior of the tube in a circuit Mathe- 
matically it ia expressed as 





{Eg constant) 


where dep and dip represent infinitesimal 
changes of plate voltage and current and Eg 
is the grid voltage. 

The value of the plate resistance, or, more 
prop(Tly, the dynamic plate resistance, is es- 
sentially constant over the normal operating 
range of the tube but is dependent upon the 
electrode A'oltages. From the equation it may 
be setm that it is the reciprocal of the slope 
of the plate current-plate voltage character- 
istic curve of the tube. In developing the 
CHpiivalent circuit of the vacuum tube the 
plate resistance is the value used for the in- 
ternal resistance of the equivalent generator. 

PLATE SATURATION. See current satura- 
tion; voltage saturation; and temperature sat- 
uration. 

PLATE SUPPLY. The power source, u'^inlly 
d-c, for the plate circuit of an electron-tube 
device. (See plate input power.) 

PLATE VOLTAGE. See electrode voltage. 

PLATEAU (COUNTER). The portion of 
the counting rate veisus voltage cliaraetcT- 
ihtic etir\c in which the counting raters sub- 
stantially indcjiendent of the ap])lied \oltage 

PLATEAU LENGTH (COUNTER). The 

range of fippbed voltage t)\('r wlindi the 
plateau of a radiation counter tube c\tcnd'=5. 

PLATEAU SLOPE, NORMALIZED. A fig- 
ure of merit for a radiation counter lube, the 
jx'rccntago change in counting rate di\ idcx! 
by the percentage change in voltage, using the 
threshold values as a base 

PLATEAU SLOPE, RELATIVE. The avc r- 

age percentage change in the counting rate 
near the mid-jioint of the plateau per incre- 
ment of applied voltage. Relative plateau 
slojie is usually expressed as the ])erccntage 
change in counting rate per lOO-volt change 
in applied voltage. 

PLATINUM. Metallic element. Symbol Pt. 
Atomic number 78. 

PLAYBACK. Reproduction of a recording. 

PLEOCHROIC HALO. A small spherical 
or (as usually observed in section) circular 
colored or darkened region surrounding a 
fragment of an a-emitting radioactive sub- 
stance embedded in mica and other transpar- 
ent minerals. The color is due to crystal 
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damage caused by the a-particles, and the 
radius of the halo is equal to their range in 
the material, which is 10 to 50 microns in 
most minerals. The ring-like appearance re- 
sults because an a-particle produces a maxi- 
mum of ionization (and therefore of darken- 
ing) near the end of its range. Frequently 
a multiple, concentric halo is observed, cor- 
responding to emission of a-particles of differ- 
ing ranges in successive transformations in a 
radioactive series, 

PLEOCHROISM (PLEOCHROMATISM). 

The property possessed by certain crystals of 
exhibiting dilTercnt absorption colors as viewed 
in the direction of the difl'erent crystal axes, 
lolite, a silicate of aluminum, iron and mag- 
nesium shows this projuTty strongly. 

PLEOMORPHISM. The property of cr>'-stal- 
lizing in two or more forms. The term in- 
eludes dimorphism and trimorphism. (Cf. 

polymorphism.) 

PLJOTRON. The name sometimes applied 
to a high-vacuum tube ^^llich has one or more 

grids. 

PLUGGING. A system of dynamic braking 
which changes the drive motor in such a 
manner tliat it tends to turn in tlio opposite 
(lin'ction. 

PLUMBING. Colloquialivsm fc^- waveguide 
or rigid coaxial lines and fittings. 

PLURAL SCATTERING. Sec scattering, 
plural. 

PLUTONIUM. Transuranic element. Sym- 
bol Pu. Atomic number 94. 

P-M. (1) Abbreviation for permanent mag- 
net. (2) Abbreviation for phase modulauoii. 

PNEUMATIC. Related to, or pertaining to, 
air or derivatively to other gases. Tims, a 
pneumatic trough is a small tank, containing 
a shelf with small holes. It is used to collect 
gases in the laboratory, by pouring water into 
it to a level above the shelf, on which are 
placed inverted gas-collecting bottles Blled 
with water, which is displaced from them by 
gas from tubes passing under the shelf and 
into tlie bottles through the holes in the shelf. 

PNEUMATIC LOUDSPEAKER. See loud- 
speaker, pneumatic. 


POGGENDORFF COMPENSATION 

METHOD. A method of determining the 
electromotive force of a cell without drawing 
af)preciable current, by balancing its poten- 
tial against the voltage drop across a portion 
of a uniform resist aiieo wire, and comparing 
that wiih the corresponding measurement for 
a standard cell. (See potentiometer.) 

POIDOMETER. An a])paratus for determin- 
ing large masses (weights) rapidly. It is used 
extensively in indut-Lry. 

POINCARfi ELECTRON THEORY. Clas- 
sical model of tlie electron in which the par- 
ticle is held together hy non-clectromagnetic 
forces, thereby giving a vanishing self-stress. 
The model is unstable, howev' r, and gives an 
infmitf self -energy foi a point electron. 

POINSOT MOTION. See polhode; hcrpol- 
hode. 

POINT CONTACT OF A SEMICONDUC- 
TOR. Pressure contact between a semicon- 
ductor body and a metallic point. 

POINT GROUP. One of the 32 different 
symmetry classes io which a crystal may be- 
long, in virtue of the occurrence of different 
elements of symmetry passing through a 
single point, together .villi the neces'sity of 
obeying the Ilauy law f)f rational indieCvS. 

POINT IMAGES. See images, point. 

POINT-OBSERVER, Idealized concept used 
in relativity theory of an obscTVcr equipjied 
with measuring-rods and a clo(‘k and imagined 
as being located at a point. 

POINT SOURCE. No finite source of radia- 
tion is a true point, but any source viewed 
from a distance suffi(‘iently groat compared 
to the linear size of the source may be con- 
siders I as a point source. In the distance 
range in which measurements of the radiation 
from a soun'c show that it obeys the inverse 
square law fno absoqition) , then to the ac- 
curacy of the measurements, the source may 
he considered as a point source. 

POISE. A unit of coefficient of viscosity, de- 
fine<l as the tangential force per unit area 
(dynes/cm^) required to maintain unit dif- 
ference in velocity (1 cm/sec) between two 
parallel planes separated l)y 1 cm of fluid; 1 
poise — 1 dyne sec/cm^ = 1 gm/cm sec. 
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POISEUILLE EQUATION. A relation be- 
tween the volume flow along a cylindrical 
tube and the pressure difference between the 
ends: 



8 Tjl 


wliere V is the volume flow, p is tlu^ pressure 
difference, r is the internal radius of the ,tube, 
I is the length of tJie tube, rj is the fluid vis- 
cosity. It is only valid if tlic flow is laminar, 
which may not be tnie if the flow Reynolds 
number Fp/ttTt; exceeds 20(X). This equation 
is the basis of standard rrudhods of measuring 
fluid viscosities. 

POISON. (1) In a nuclear reactor, any sub- 
stance which absorbs neutrons without lead- 
ing to fission. Poisons ar(‘ generally stnictural 
materials and impiirit les in the moderator and 
fuel; they may on occasion be introduced into 
the reactor for puri)os(‘s of saf(‘ty or control. 
(2) A material which reduces the pliospho- 
rescent sensitivity of a phosphor. (3) A ma- 
terial wdiich reduces the emission ca\nibi\ities 
of a cathode. 

POISONING OF A REACTOR. The ratio 
of the iiumb(T of thermal neutron^ (see neu- 
trons, thermal) aljsorbed by poison to those 
absorbed in fuel. 

POISSON BRACKET. Lot X,Y be two dy- 
namical AUiriables which d('pend on carumically 
conjugate variables like p,(7, momentum and 
position, respectively, then the Poisson liracktd 
is defined as 

dX dY dYOX 

[x,yi 

dr/i d/J, dq, dp, 

it being understood that tlie right-liand mem- 
ber is to be summed over all degrees of free- 
dom of the system. The Poisson brackets are 
useful in both elassical and quantum mechan- 
ics. Dynamical systems described in tenns 
of them arc invariant to canonical transforma- 
tions. In quantum mechanics 

[A,H] ^ {AB - BA), 
n 

POISSON EQUATION. An inhomogeneous 
analogue of the Laplace equation, a partial 
differential eouation ui the form 


It occurs in (1) electrostatics (see Poisson 
equation in electrostatics) ; (2) thermal con- 
duction, where <f> is the temperature in a homo- 
geneous medium of thermal conductivity k 
and in wdiich Aiz^y^z) calorics of heat arc 
generated per unit of volume and time, so 
that jiXjijjZ) = —A/k, 

POISSON EQUATION IN ELECTROSTAT- 
ICS. The differential ('filiation describing the 
electric field (E) or the potential (c^)) pro- 
duced hy a disiribution of charge density (p) : 

V-E - = p/f 

in rationalized mksa units, or 

V • E = — — \Trpl K 

in unratioiialized esu. These two forms of 
the equation apply if the mf'dium is homo- 
geneous and isotropic. Otherwise 

V.D.V.(,K). 

POISSON RATIO. T\ie ralio of Uie conlrai'- 
tion in the direction of tlii' a\i^ of i/^lo the 
(*xt( HMon in tlie dir(‘ction of the axis of .r for 
a sample subjected to I he sires'* X,. For sm 
isotrojiic solid, Poisson’s ratio, tr, is given by 

X 

"" ” 2(X + p) 

where p is the rigidity, and X + %p is the 

modulus of compression. 

POLAR. Having, or pertaining to, a pole, or 
one of two ends of an axis of rotation, and 
(derivatively) one of two regions of antithet- 
ical projicrties. 

POLAR COORDINATES. If r is the dis- 
tance from the origin of a rectangular Car- 
tesian coordinate system to a iioint (x.y.z) 
and if the direction angles of a line drawui 
from the origin to tlio point are a,/?,7 then 
the polar coordinates of the point are given 

X = r cos a; y = r cos jS; z = r cos 7; 

= x ^ + 2/^ + 2^. 

Further relations also exist and the system is 
generally called spherical polar coordinates. 

If the point lies in a plane determined by 
a pair of the coordinates, the XY-plane for 
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instance, then 2 = 0, and with the usual sym- 
bols, a = = {tt — 6) 

X = r cos 6; y = r sin d, 0 == Ian" ^ yfx. 

The coordinate origin is called the pole; the 
A"-axis is the polar axis; the angle 0 is the 
polar or vectorial angle (sometimes the 
azimuth of the point) ; r is the radius vector. 
Complex numbers are often ])lotti'(l in this 
way, the vectorial angle then being called the 
amplitude, argument or phase and the radius 
vector is the modulus. 

POLAR MOLECULE. A molecule that has 
an electrical dipole moment, because of the 
presence in its structure, commonly, of polar 
valence bond^^, such as bonds between atoms 
wdiieh differ in their attraction for sharc<l 
electrons. 

POLAR POTENTIOMETER. See polenli- 
ometer, polar. 

POLARIMETRY. IMeasurement of llu' rota- 
tion of the plane of polarization of polarized 
light. 

POLARISCOPE, An instrument for ascer- 
taining the properties of polarized light or for 

inlying the elTects of various agencies upon 
light of known polarization It ordinarily 
consists of a ‘‘[lolanzer” for reinhMiiig com- 
mon light plane-polarized in an> desired azi- 
muth, and an ^‘analyzer’’ for identifying the 
charaeter of polarized light; between the c is 
usually a mounting for objects wdiosc edeet 
upon tlie light from the polarizer it may he 
dc'^ired to test. For example, the polarizer 
may he a Nicol prism from wdiich tin* light 
emtM’ge's vibrating, say, in a horizontal plane; 
the analyzer may ho another, similar Nicol; 
and between them may be mounted a tid>c 
wdth glass ends in wdiich are ]daced various 
liquids to be tested for their rotatory effect. 
Or the object to be tested may lie a doulily 
refracting crystal jilatc or a metallic reflector, 
rendering the plane-polarized light elliptieally 
polarized; and tin* analyzer a Babinet com- 
pensator or similar device for identifying such 
light. In the simplest polariscopes the polar- 
izer and the analyzer are reflecting plates of 
opaque glass set at the proper polarizing 
Jingle. Many modem polariscopes employ 
I)oIarizmg films, for example ^Tolaroids,” in- 
stead of Nicols. 


POLARISCOPE, CORNU. See Cornu polari- 
scope. 

POLARISTOR. The resistance formed when 
fine particles of some dielectric material sus- 
pended in a high dielectric fluid, such as oil, 
are subjected to a strong electrostatic field. 
The resistance betw'cen two points in the 
“liquid” is cxtreuitdy non-linear, becoming 
mueli low er as the particles become polarized 
and align themselves wdth the field. For some 
mai ('rials ^strong fields may jirodiiee a solid 
“diy” mass. 

POLARITY. (1) A line segment is said to 
exhibit ])olarity wdien its (w^o ends ai‘e dis- 
tinguishable. (2) By analogy wdth (1). a 
physical system lias juilarity when U\o points 
in tli(‘ ''V.^'tc'iii liave diffen'nt eharactcri'^ties. 
For ex'ani])le an electric cell has ])olarity, 
lI^lIally indic;d('d by ilie jilus and minus mark- 
ings of its toriniiial«. A coil has no polarity 
)>ut a transformer does, since (me of tlie twm 
s(‘eoiulary terminals is positive at those times 
when a particular one of the two primary 
terminals is positive, and vice versa. 

POLARITY OF PICTURE SIGNAL. See 
picture .signal, polarity of. 

POIiARIZ ABILITY, The dipole moment 

prcMlueed by unit ('Ic'ctiie field acting on a 
.syst('in— usually a mok'cuh*. Jn the absence 
of jiernianenf dijioles, the polarizability of a 
inolc'ciilc is tlie sum oi separate electronic 
}K)larizahihiies (see polarizability, electronic) 
of its eoiLstiluent atoms, wdth sliglit correc- 
tions (iue t( the honrl stnietiire. 

POLARIZABILITY CATASTROPHE. Ac- 

cording to the standard tlmory (jf the dielec- 
tric con.stant of an assemhlv of dipoles, using 
ttie Lorentz field eoneejit, at a certain tem- 
perature (he (iK'h’etnc constant w^ould become 
irifiiiite It lia^ been ]iropo‘-od that at this 
t(‘inpeiafure .saturation cffimts enter, and the 
.substane(' should l)e(oine spontaneously polar- 
ized, or ferroelectric. Tliis catastro- 

plie,” as it i.s .cQuu'tiines called, is avoided by 
Onsager’s theory, but the problem has not 
he('n eomiih'tely sc'ttled. There is reason to 
believe that an assemlilv of dqioles might be- 
come antiferroclectric under their mutual in- 
teractions although this has never been ob- 
sf'rvod in practice. 

POLARIZABILITY, ELECTRONIC. That 
part of the polarizability of an atom which 
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arises from the displacement of the electrons 
relative to the nucleus. It is given by 



where /y and id/; are the oscillator strength 
and frequency for the transition from the 
ground state i to the excited state j and o) is 
the freciuency of the exiernal measuriru!; field. 

POLARIZABILITY ELLIPSOID. A repre- 
sentation of the electromagnetic theory in 
anisotropic dielectric media may he given by 
the ellipsoid described by the eciuation: 

-+- + =1 
K A-v A", 

in which Xj y, z are coordinate axes and 
ky aiifl kz are the princi})al dieh‘clric conslants. 
If Va represents the \elo(‘ily of weaves travel- 
ing perpendicular to tlie .r-axis with their 
eh'ctric displacements parallel to th(» x-axis, 
then Va ~ c/\/kj> (c - velocity of light in 
a vacuum) on the assumption that the mag- 
netic permeability of the medium is that of 
empty space. 

POLARIZABILITY, IONIC. That part, of 
the polarizability in ionic crystals du(' to the 
relative disjilacement of ions of opposite sign 
when an electric field is applied, and giving 
rise to infrared absorption. 

POLARIZABILITY, MOLECULAR. The 

constant of lU’oiiortionalily between the elec- 
trical moment of the dipole induced in a mole- 
cule and the field intensity, as in the relation- 
ship 

m = aF 

in which in is the electrical moment of the 
induced dipole, a is the molecular polariz- 
ability, and F is the field intensity. 

POLARIZABILITY, ORIENTATIONAL. 

The macroscopic polarizability associated 
with the orientation of permanent dipole mo- 
ments by the field in a dielectric. 

POLARIZATION. (1) The process of bring- 
ing about a partial separation of electrical 
aigi in a body by Ibe 

superposition o\ t a exteTna\ field. (2) k 
vector quantity i ^resenting the dipole mo- 
ment pe"- unit voiume of a dielectric medium. 
In rathn. dized units, the electric induction 


in a dielectric is given by D = cE, which can 
be written 

D = €r€oE = + (€r “ l)coE 

where Cr is the relative permittivity or dielec- 
tric constant (k) of the medium. The term 

(er - l)6nE 

is the additional induction attributable to the 
matter of the dielectric, and is called the 
polarization of the dielcctiic. 'I'hc coefficient 
(f, — 1) is the ‘^electric susceptibility” of the 
dielectric, and is often writtem as Xc- In un- 
rationalized systems, 


6r — 1 



(3) The procc‘ss of confining the vibrations of 
the magiu'tic (or electric field) vector of light 
or other radiation to one i)latie (see light, 
polarized). (4) The fonnatioii of localized 
regions near tlie elt'ctrode^ of an electric cell 
(sec cell, electric) during (4ectro]ysis, of iirod- 
iicts which modify (iisunlly adversely) the 
further flow of current througli the cell. 

POLARIZATION OHARGE. The net charge 
I)er unit volume, jirodiiced liy a iiou-iiniform 
polarization, is given ])y 

p = -VP 

The f»olarization also produces an effective 
surface charge per unit area ecjual to the 
normal component of P. (See also charge, 

bound.) 

POLARIZATION, CONCENTRATION. Po- 
larization associated with a concentration 
gradient, which is due to the slowness of dif- 
fusion of ions in the vicinity. 

POLARIZATION CURVE. The current 
voltage relationship of an electrolytic system 
as iiloUed graiihically, especially as it shows 
the ])rogrcbsive effect of the growdh of a coun- 
tei electromotive force due to polarization phe- 
nomena. 

POLARIZATION, DIFFUSION. This is a 
negative expression, meaning that concentra- 
tion polarization (see polarization, concen- 
Uation) is caused by sio^ess oi diftusiou. 

POLARIZATION, DIRECTION OF. For a 
linearly-polarized wave, the direction of the 
electric vector. This usage is common in ra- 
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dio and microwave discussions. The classi- 
cal, and still standard, usage in optics is that 
the plane of polarization (see plane of vibra- 
tion) is in the direction of the magnetic vec- 
tor, and so is peipcndicular to the electric vec- 
tor. Because of these contradictory usages, 
confusion is best avoided if the direction of 
polarization is sj)ecifically stated in tenns of 
the dircTtion of the electric or of the magnetic 
vector. 

POLARIZATION DIVERSITY. A fonn of 
diversity reception which utilizes the fact that, 
during fading conditions, the polarization of 
a received wave may change from horizontal 
to vertical or some intemicdiatc angle. Two 
antennas, one liorizontally-polarized, and the 
other A ertically-polarized, are used at one 
point to feed two receivers whose output sig- 
nals are added. 

POLARIZATION, ELECTRIC. See polar- 
ization (2). 

POLARIZATION, ELECTRIC MOMENT 
PER UNIT VOLUME (INDUCED DL 
POLES). The induced electric moment p(*r 
unit ^’olnine is gn cn by the product of the 
net ])Osi(iv(‘ charg<' ( - nvi negative eharg(), 
and (he (lisj)lacement of IIk* indiMdual posi- 
tive charges from their accompanying nega- 
tive charges. 

POLARIZATION, ELECTROLYTIC. At a 
reversible electrode in a state oi ecpiilibrium, 
tliere is no net current Ap])lication of an 
external einf destroys the equilibrium, and 
the eleetro<lc is polarized. This tyjie of equi- 
librium disturbance is called electrolytic po- 
larization. 

POLARIZATION ELLIPSE (OF A FIELD 
VECTOR). 1 die locus of positions for vari- 
able time of the terminus of an instant an'^ous 
field vector of one frecjuency at a point in 
space. 

POLARIZATION ERRORS. Errors encoun- 
tered in radio direction-finders due to the 
change in polarization of the received wave 
with elianging atmospheric conditions. 

POLARIZATION, INDUCED. An expres- 
sion sometimes used ior molar polarization. 
(See polarization and polarization electronic,) 

POLy^ZAHON, MAGNETIC (PJ, See 
both induction, intrinsic, and magnetic mo- 
ment density. 


POLARIZATION OF FLUORESCENCE. 

Fluorescence of solutions and of some other 
substances is partially polarized, but not to 
the extent of polarization by scattering. 

POLARIZATION, Pill (f ). The state of an 
electromagnetic wave in which the E-vcctor 
is tangential to the lines of latitude of refer- 
ence. The usual frame of reference has the 
polai; axis vertical, and the origin at or near 
the antenna. Under these conditions, a 
vertical dipole wdll ndiate only theta (ff) po- 
larization (see polarization, theta) and a hori- 
zontal loop ivill radiate only phi (<j!)) polariza- 
tion. 

POLARIZATION PHOTOMETER. In the 
main forms of bench photometer, the illu- 
minations or luminous flux densities from the 
two sources (o be compared ar(' made equal 
by regulating the relati\e distane(^s In pho- 
tometers of the polarization type, the same 
ofqect is accomplished by introducing a pair 
of Nicol prisms into the beam from the 
brighter source and turning one of these polar- 
izeis until the lieani is cut down to equality 
willi (h<it from the oIIkt source The ratio 
in w’hich the flux density has ))e('n reduced, 
and h(*nee (he luminous intensity ratio of the 
two sources, is readily calculated from Malus’ 
law, and the i)olari/(U' circle may thus be cali- 
brated to give the ratio directly. 

POLARIZATION, PLANE OF. For a plane- 
polarized wave, the plane containing the di- 
rection of iiolarization (*^00 polarization, di- 
rection of) and the direction of propagation. 

POLARIZATION POTENTIAL. The total 
countereloctromotivc force of an electrolytic 
(voltaic) cell, which increases as the process 
of polarization (4) within the cell proceeds, 
in the course of many electrolytic processes. 

POLARIZATION RECl JVING FACTOR. 

The ratio of tlie powxT received by an antenna 
from a given plane-w\avc of arbitrary ])olar- 
ization to the power received by the same 
anterina from a ])lHne wave of tlic same power 
density and direction of propagation, whose 
state of polarization has been adjusted for 
the maximum received power. The jiolariza- 
tion receiving factor is equal to the square 
of the absolute value of the scalar product of 
the polarization unit vector of the given plane 
wMvc, wdfii that of the radiation field of the 
antenna along the direction opposite to the 
direction of propagation of the plane wave. 


Polarization, Scattering — “Polaroid” 


POLARIZATION, SCATTERING. If a beam 
of light is pas^e(l through a medium contain- 
ing small particles, the light scattered normal 
to the beam is plane-polarized. (See Robert- 
son, Introduction to OplicSy 4th Ed.) Light 
from a clear sky viewed normal to the direct 
rays from the sun will be plane-polarized. 

POLARIZATION, SPONTANEOUS. The 
polarization, independent of applied fieH, of 
a domain of a ferroelectric crystal. 

POLARIZATION, THETA (H). The state 
of an electromagnetic wave in which the E- 
vector i.s tangential to the meridian lines of 
some given spherical frame of reference. The 
usual frame of reference ha*^ the fiolar axis 
vertical, and tlie origin at or near ihe antenna 
Lnd(‘r the.^^e conditions, a vertical dipole will 
radiate only theta (W) polarization, and the 
horizontal loop will radiate only phi (</j) po- 
larization. (See polarization, phi.) 

POLARIZATION UNIT VECTOR (FOR A 
P'lELD VECTOR). At a jmint, a complex 
field vector divided by its magnitude. For a 
field vector of one freipiency at a point, the 
polarization unit vector coTiipletely describes 
the state of polarization, that is, the axial ra- 
tio and orientation of the polarization ellipse 
and the sense of rotation on tlie ellipse. A 
complex vector is one each of whose compo- 
nents is a complex number. The magnitude is 
the positive square root of the Mailar f)roduct 
of the vector and its complex conjugate. 

POLARIZATION, VACUUM. Sec vacuum 
polarization. 

POLARIZED LIGHT. Sc e light, plane-po- 
larized; light, elliptically-polarized; and light, 
circularly-polarized. 

POLARIZER. A device for producing po- 
larized light, usually by selective traii'-mission 
of polarized rays, such as a Nicol prism, a 
Polaroid sheet, or other apparatus. 

POLARIZING ANGLE. See light, plane- 
polarized; Brewster Law. 

POLARIZING PRISM. Any prism with the 
property of polarizing light such as the Cornu- 
Jcllct, Gian, Nicol or Wollaston. 

POLAROGRAM. T,»e record, obtained on a 
polarograph, of a var .tion in current, or cur- 
rent-voltage relation. These records are ap- 
plied in many phases of analytical and re- 
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search work concerned with inorganic com- 
pounds, cations, anions, complex ions, certain 
catalysts, capillary active substances, many 
organic compounds, etc. 

POLAROGRAPH. An instrument used to 
register a current-voltage relationship, par- 
ticularly of the polarized microelcctrodcs used 
in polarography. The basic circuit of this in- 
strument, as developed by Ileyrovsky and 
Shikata, consist.s of a uniform slide wire, car- 
rying a steady current which can be varied 
by changing the enif (number of batteries in 
its circuit) and by varying a series resistance. 
The electrolytic cell containing the microelec- 
trodo is in the circuit of the moveable slide- 
wire contact; this circuit also having a sensi- 
tive galvanometer, commonly a recording gal- 
vanometer, to measure or record the values of 
current flowing through Ihe electrolytic cell 
as the jiotential across it is varied by moving 
tlie slide-vvire contact. ModiTii machines 
produce the.se records automatically. 

POLAROGRAPHY. The methods of meas- 
urement of potential difference-current rela- 
tionshijxs in solutions by mean«? of a pc^Jarized 
microeloctrode; and Ihe intorpretalion of data 
or records so obtained in terms of the nature 
ami behavior of many substance's and sys- 
tems. Tn an electrolytic cell having one elec- 
trode large in area, and the other electrode 
\ery small, tlu' polarization of the latter a]'>- 
proaches a maximum, and variations in the 
electromotive force of the cell are due almost 
entirely to changes in the potential of this elec- 
trode. Consequently, this microeloctrode can 
function as an indicator electrode to measure 
change.s in pott'niial while current is flowing. 

Many types of microelcctrodes liave been 
used successfully in polarographic work. The 
solid mioroeleetrodes have been used exten- 
sively, l)oth in stirred solutions, and by rotat- 
ing the solid microeloctrode in a stationary 
solution. Anotlier imjiortant type is the drop- 
])ing-mercury electrode, consisting of a slowly- 
growing drop of mercury issuing in small uni- 
form drops from a glass capillary of small 
size (approximately 0.05 mm in diameter). 

"POLAROID.” The trade name of a polar- 
izing sheet manufactured by the “Polaroid 
Corporation,^* U.S.A., and originally consist- 
ing of crystals of herapathite, a compound of 
iodine and quinine, 

4C20H24N2O2 • A H2SO4 • 2 HI • I4 • OH2O, 
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Pole — Polyhedron 


with their axes all parallel, and iinboddod in 
nitrocellulose; but the material is now made in 
other ways. It produces almost perfectly 
plane-polarized light (sec light, plane-polar- 
ized). Available in large sheets, relatively 
inexpensive compared to a Nicol prism, but 
not quite as perfect a polarizer as a Nicol 
])rism. 

POLE. (1) A non-essential singularity of an 
analytic function. Let w = u + iv be a 
single-valued function of the complex vari- 
able, z = X iy and ii,v be real singl(‘-valu(‘d 
functions of x and y. Then z = Zo is a pole 
of order /c, provided that {z — Zo)^ir(z) 
analytic and not zero at z = 2o* The num- 
ber k is an integer, greater than unity, and 
is the <..rder of the pole. Singular poini‘^ of this 
kind are called non-essential because they 
may be effectively removed if loiz) is niulti- 
jilied by (- — They are calk'd poles 

because a thrc'C-dimensional plot of rtKX,y 
shows that v' become^ infinite at the Miigulai 
])oint and thus looks like a pole of infinite 
length erected on the plane of z — x + iy. 
(See lauirenl series.) (2) See magnelic pole. 
(3) The interaction of an axis of rotation or 
of symmetry with a surfac(^ often spherical. 
(•1) Om electrode of an electric cell. 

POT.HODE. I'or a rotating rigid body sub- 
ject to no external resultant torque^ the line 
of int('rseetion of the cone tracid out by the 
angular velocity vi'ctor with tlu' momenlal 
ellipsoid. (See also herpolhode.) 

POLISHING (OPTICAL), After the sur- 
face of a lens or mirror has been ground (see 
lap) as fine as possible, it is polislied Opti- 
cal polishing is an art rather than a science, 
and many techniques an in use. The abra- 
sive used in polishing is mo^t commonly ’m 
iron oxide or cerium oxide, although otfier 
substances arc occasionally used for special 
purposes. The polishing tool may be a pitch- 
covered iron tool or an iron tool covered with 
pitch-impregnated felt. Almo.st as many sorts 
of pitch are used as there are optical shops. 
Amateur lens polishers frequently use HCF, 
that is, honey-comb foundation, made from 
beeswax. Interference fringes (Newton rings) 
bctw'ccn a true optical flat and a flat polished 
with HCF, commonly show more ragged edges 
to the lines than are seen on pitch-polished 
surfaces. 


POLONIUM. Radioactive element. Symbol 
Po. Atomic number 84. 

POLYCHROMIC (POLYCHROMATIC). 

Having tw^o or more colors. 

POLYDISPERSE SYSTEM. A colloidal sys- 
tem that consists of i)articles of different sizes. 
In centrifuging, the sedimentation constant 
has (lilTerent values for a polydisjiersc system. 

POLYGON. A plane figure with n vertices 
and n .sides, also c iled an ?i-gon. Depend- 
ing on the value of «, the following names are 
usid: 3, triangle, 1, (luadrilateral ; 5, penta- 
gon; 6, hexagon; 7, heptagon; 8, octagon; 9, 
nonagon; 10, decagon, etc. If all sides and 
angles are e(]ual, the polygon is regular. Lot 
.4 be the angle between tw’o .sides, li the angle 
I)(4w('#n liiK's connecting thr* c('nter of an in- 
scribed or circumscribed circle to tvo adja- 
c(‘nt vertict's, a the h'ligtli of a side, R the 
radius of a cireums(‘rihed circle, r the radius 
of an in‘^cribed circle, and the area of a 
regular ])olygon wutli n sides, then 

A = {n — 2)Tr>n radians; B =- 2T/n radians 

a = 2R sin /i/2: r = (a '2) cot B/2 

R = (a '2) CSC B ^2; .S - {na^/4) cot B/2 

POLYGON, DIAGONAL OF. A line joining 
two non-ad jaceiit vertices of a polygon. 

POLYGON, SPHERICAL. A part of a sphere 
bourn led by arcs of great circles. 


POLYGONIZATION. AVhen plastically bent 
ciTstals are annealed, tlu' edge dislocations 



introduced by tlie cold-working tend to line 
thcm''t‘lves vertically above each other into 
grain boundaries bctwTcn polygonal domains. 
(See dislocations, forces between.) 

POLYHEDRON. A solid with faces fonned 
from plane polygons. Tire intersections of 
faces are edges and the points wdiere three or 
more edg(‘S meet are vertices. If the faces are 
congruent regular polygons and th'^ polyhe- 
dral angles are congruent, the polyhedron is 
regular. There are only flve regular poly- 
licdra, called the Platonic solids. Their 
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Polymorph — Polytropic Processes 

natncs and the nature of their faces are: tetra- 
hedron, 4 e(iuiUiteral triangles; hexahedron or 
cube, 6 squares; octahedron, 8 equilateral tri- 
angles; dodecahedron, 12 pentagons; icosa- 
hedron, 20 equilateral triangles. 

POLYMORPH. A substance that exhibits 
two or more crystalline forms. 

POLYMORPHIC. Existing in two or more 
crystalline forms. 

POLYMORPHISM. A phenomenon in which 
a substance exhibits different forms. Dimor- 
phic substances appear in two crystal fonns, 
whereas triinorphic exist in three, as sulfur, 
carbon, tin, silver iodide, and calcium carbon- 
ate. Polymorphism is restricted to the solid 
state. Polymorphs yield identical solutions 
and vapors (if va])orizal)le). The relation 
between them has been termed “iihysical 
isomerism” and the iiolymoridis have been 
termed ‘^physical isomers.” 

POLYNOMIAL. A rational integral function 

sometimes also called a multinomial, in r? 
variables of the form 

• • • .r/i + C2.Ti"2.r2^2 • • • ^,^"2 d 

4 • • • Xn^- 

For any term in this expression Ci is the oo- 
effieient, at is the degree with re&peet to 
pi with respect to etc., and the total degree 
of that term is ai + /^, +*••», The liigliCht 
degree in oci of any term whoso coefficient is 
not zero i& the di'grei* of the polynomial in 
X{, and the highest tolal degree of any term 
with non-vanishing eoeffieiont is the degree of 
the polynomial. The coefficients, q, which 
are constants, may be real or complex. 

If the tcmis of a polynomial all have the 
same degree, the polynomial is homogeneous. 
The expressions qu antic and form are also 
used. If they have two, three, four, etc., 
variables they are binary, ternary, quater- 
nary, n-ary forms; if their degree is 1, 2, 3, 
etc., they are linear, quadratic, cubic, etc., 
forms. 

The commonest case is the nth degree poly- 
nomial in one variable which may be written 
as 

aox” + aix”""' 4- • • • + an_i^ + cin] 

(see equation, poI)Ti(> nial) . 

Polynoraifl'S frequently^ occur as the solu- 
tion of a diffeiential equation. (See Hermite, 


Jacobi, Laguerre, Legendre, TschebyscheflF 
polynomials.) 

POLYPHASE RECTIFIER. See rectifier. 

POLYPHASE WATTHOURMETER. See 
watthourmeter, polyphase. 

POLYPHASE WATTMETER. See watt- 
meter, polyphase. 

POLYTROPIC PROCESSES. The expan- 
sion or compression of a constant weight of 
gas may assume a variety of forms, depending 
on the extent to which heal is added fo or 
rejected from the gas during the process, and 
also on the work done. There are, theoreti- 
cally, an irifinifi' number of ways possible in 
which a gas itjay exjiand from an initial pres- 
sure and volume U\ to a final volume 
All those (xpansions may be groujicd generi- 
eally ns jiolyiroiiie expansions, and all could 
bo re])resented graphically on the PV ])lane 
by the fnmily of curves 7)?^” = C. They are 
all, in theory, perfectly reversible, n may luxve 
any povitue value, 0 to co, and having been 
selected numerically it defines the Mqx' of 
expansion From the infinite number of pos- 
sible polytropic expansions, it is uorih vhile 
to isolate four which doseiwc special attention. 
When one' of the four physical eliaraetc'risi ies, 
to wit, pressure, temperature, entropy, or vol- 
ume, remains constant, expansions of more 
than ordinary inten^st are denoted, since they 
are frequently employed in a practical w^ay, 
in situations wdiieh can be su}))eet(Hl to ther- 
modynamic analysis. The value of the expo- 
nent n of the polytropie family for each of 
these is: 

Lsoharie n = 0, 

Isothermal n = 1, 

Tsentropie n = 7 (7 = ratio of specific heat 
at constant pressure to 
that at constant volume) 

Isometric n = 00. 

These thermodynamic processes, as they oc- 
cur in useful machines, arc not often of the 
exact polytropic form desired. For example, 
an isentropic process which is exemplified, at 
least theoretically, by expansion of the burned 
gases after the explosive combustion in the 
gasoline engine, is modified slightly by the 
interchange of heat between gases and cylin- 
der wall, whereas a true isentropic has no heat 
either added or rejected in this way. The 
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particular polytropic curve which would suit 
these conditions of expansion would depart 
somew’hat from the adiabatic form. 

During a polytropic process conditions of 
the working medium arc constantly varying, 
and analysis may be aimed at determining 
one of the following: the work done, the heat 
added, the variation of temperature, and the 
change of entropy. Some information may be 
obtained merely by comparing the value of 
the exponent n with certain other data. For 
example, if n lies between 0 and 1, the tem- 
perature rises during an expansion and falls 
during a compression; when n is greater than 
1, the temperature falls during exiiansion and 
rises during compression. Also, when n is 
less than y, heat must be added to obtain an 
cxpan.^ion, whereas when it is gi'cater than y, 
lieat must be expelled. From the above it will 
be noted that there is a certain range of poly- 
tropic expansion in which, althougli heat is 
added, (he temperature falls. Tliis may secun 
to some to be paradoxical, but it is readily 
explain'd. During tliese expansions work is 
being done by (he gas at a rale greater than 
that at whicli lieat is being added, with the 
rc'sull (hat the deficiency must be made up 
from within (he gas. Tlie only way that this 
may be accomplished is for the gas io cool 
anci give uj) some of its internal energy. 

The e(|uations for work done and for heat 
added in (he case of the general poly tropic 
ex])ansions are: 

_ V\n - V 2V2 ^ 

}} — 1 

Q = - V2l’2) ( 7 -, )■ 

Both of these are expressed in uoik units. 
Someliines a substitution of a definiii* value of 
n in one or the other of these equations le^ds to 
an indeterminate; fi)r example, ^^ith the iso- 
Ihermal, 

- P 2 V 2 

W 

1 ~ 1 

But sinee the equation of the isothermal for an 
ideal gas is 

pv *= C, 

PlVi = P2V2, 

and the work equation becomes indetenninate: 



By approaching the isothermal from a different 
angle, however, the equation 

V 2 

W == pv loge — 

may be deduced for work done. 

PONDERATOR. A term suggested by W. 
W. Hansen for a device used to produce high- 
energy j)articles, when the hpced of the par- 
ticles })ccomcs so great, approacliiiig that of 
light, tliat an increase of oniu’gy results in an 
ai)])recial)lc increase in mass. 

POOL TUBE. A gas-discharge tube having 
a cold cathode coiihisting of a i)ool of mer- 
ciiiy. (See ignitron; excitron.) 

POROSIMETER. An instrument used to dc- 
t^'rmino the porosity of solids to fluids, both 
lk]ui(ls and ea^^cs. 

POROSITY. (1) The property of containing 
l)ores, wluch are minute channels or open 
spaces in a solid. (2) The )>roportion of the 
total volume occupied by such pores. 

PORRO PRISM. See prism, Porro. 

POSITION. A concept which imi)lies the 
possibility of locating a particle in public 
space wil h respect to a reference system. (See 
primary inertial sy.stcm.) 

POSITION FACTOR. See Coddington shape 
and position factors. 

POSITIONAL NOTATION. One of the 

scl)einc.s lor representing real numbers, char- 
acterized by tlie arrangement in sequence of 
digits (symbols for integers) with the under- 
standing that the successive digits are to be 
m1er])rel('d a*-’ th(‘ eoetheients of successive 
integral poweis of a number called the radix 
or hiX'^v of tli(* notation Tlic rei^rcsentatioii 
of a real numbcT by the notation 

AnAn^ 1 • * ' A2AiAo.A_iA^2 • * * A^mj 

which is an abbreviation for the sum 

E 

tru— m 

where the . is called the radix point, the Ai 
are integers (0 ;^ | | ^ ?•) called digits, and 

r is an integer greater than one called the 
radix (or base). The signs of all of the Ai 
are the same as the sign of the number repre- 
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sonted. In the cleciiiuil number system, the 
radix is ten and the radix point is called the 
decimal point. In the binary number system, 
the radix is two and the radix point is called 
the binaiy point. For some purposes the sys- 
tem of notation has been broadened to in- 
clude the case in which the i*adix assumes more 
than one value in a sinp;]e number system. 
In this case the notation 

AjiAn^l • • • A2AiAo.A^iA^2 * ‘ 


POSITIVE PICTURE PHASE. See modula- 
tion, positive. 

POSITIVE RAYS. A stream of positively 
charged atoms or molecules, produced by a 
properly chosen combination of ionizing 
agents, accelerating fields and limiting aper- 
tures. 

POSITIVE TRANSMISSION. See modula- 
tion, positive. 


is an abbreviation for the sum 


( 2 11 ?•,) + i 4 (. + ( s ^ ■ n -) 


POSITIVE TUBE. The term sometimes 
given a thyratron with a positive-grid ehar- 
acteristic (i (* , a positive grid-voltage is re- 
quired to initiate the discharge*). 


Several such sy^terns have been used. The 
hK]uinary system uses a radix ^vhiell is alter- 
TiMtely two and fi\e for buccesshe ^aliH^ of 
The quinary vicenary system uses a radix 
uliich IS alternately five and twc'nty for suc- 
cessive values of j For the names of various 
number vsystems, as characterized by their 
radix, see radix. 

POSITIVE BRANCH. See Fortrat parabola. 

POSITIVE COLUMN. Another name for the 
plasma. 

POSITIVE COUPLING. See coupling, posi- 
tive. 

POSITIVE CRYSTAL. A uniaxial crystal 
(see crystal, uniaxial) in which the velocity of 
the ordinary ray is gi eater than the velocity 
of tlie extraordinaiy ray. Quartz is a posi- 
tne crystal 

POSITIVE GRID OSCILLATOR. See Bark- 
hauscn*Kurz oscillator. 


POSITRON. A po'^itive electron Positrons 
arc formed in p-dccay of many radionuclides, 
in pair production, and in other jirocesses. 

POSITRON EMISSION, CONDITIONS 
FOR. If M (A) is the isotopic ('atomic) 
weight of tlu* parent clement A and 1/(H) 
that of the product B, the condition that 
positron emission be energetieally possible is 
that ^ 

jyyV) - A/(B) 2///„ {2m, - 1.02 Mev) 

where m, is the rest mass of an electron. 

POSITRON FORMATION THEORY. It is 

siqipo^ed that jirior to its emission (m ^-de- 
cay) a positron is created in tlie nncleiis hy a 
}>rocess such as 

proton — > neutron +- position h aiil ineulrino. 

Positrons may also be formed in the pair- 
production juoces^, in which a y-ray of sufli- 
cient energy (at least 1.02 me\ ) is traiis- 
fonned into a positron-electron pair. 


POSITIVE ION VACANCY. A site in the 
lattice of an ionic crystal from which a posi- 
tive ion is absent Such a vacancy has an 
effective negative charge, since returning the 
missing ion must make the hittice neutral. 

POSITIVE LENS SYSTEM. Another name 
for a convergent lens system. 

POSITIVE MODULATION. Sec modula- 
tion, positive. 

POSITIVE NUCLEt S. The nucleus of an 
atom, which always « arries a positive charge, 
of magnitude depending upon the particular 
atomic species. (See atomic structure.) 


POSITRON THEORY. Tln'ory of the inter- 
action of positrons wdth an electromagnetic 
fudd wdiicli is a consequence of the many- 
jiarticlc Dirac electron theory. A hole in tlie 
distribution of negative energy electrons 
wliich is a feature of this theoiy behaves like 
a partiele of positive charge, and although 
originally identified with tlie proton it was 
soon recognized as a particle wdth mass equal 
to that of the electron. Transition of an elec- 
tron from a positive energy 'state to a negative 
eiK'rgy state is thus interpreted as the annihi- 
lation of an electron-positron pair. It is pos- 
sible to set up the theory in a form which is 
completely symmetrical with respect to elec- 
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irons and positrons. (See Feynman diagram; 
motion backwards in time; quantum electro- 
dynamics.) 

POSITRONIUM. The system of one electron 
and one positron in a bound state. In the Is 
state it may exist as parapositronium with a 
mean life of 1.25 X 10“^® sec or as ortho- 
positronium with a mean life of 1.4 X 10' ^ 
sec. The latter has a value of 2(Ki:i50 .-t .")() 
megacycles above that of the foniuM-. 

POST-ACCELERATION (IN AN ELEC- 
TRON-BEAM TUBE). Acceleration of tlie 
beam electrons after deflection. 

POST, CAPACITIVE. A waveguide timing 
or mab'hmg device wliich consists of a metal 
j)ost or scr(‘w extending compl(‘t(‘ly aci'oss llu* 
waveguide at riglit angles to the K-field In 
this position the post adds capacitive suscep- 
tance in parallel with tlie guide 

POST-EMPIIASIS. See de-emphasis. 

POST-EQUALIZATION. See de-emphasis. 

POST-FIRTNC;. Post-firing refers to tlie in- 
terval during the gating or output alternation 
following firing. The term is used a^ an ad- 
jective to describe jihenonnma occurring dur- 
ing this interval. 

POST, INDUCTIVE. A waveguide tunuig 
or matching devi<’e which consists of a metal 
jiost or screw extending compk'tely across the 
waveguide i)aral]el to the E-field In this 
position the post adds inductive susceptanee 
in parallel wdth the guide. 

POST OFFICE BOX. A Wheat ^t one bridge* 
(see bridge, Wheatstone) in which resist ance 
is adjusted by shorting resistance clement- 
with heavy plugs. 

POTASSIUM. Metallic element. Symbol K. 
Atomic number 19. 

POTENTIAL. Among its many nn'anings 
and connotations, this term is used commonly 
in science as an adjective with the meaning 
of available, rather than in action or use, as 
potential energy (energy of position or state) 
as opposed to kinetic energy. The term po- 
tential is also used as a substantive, and im 
this sense designates the name of a number of 
different quantities used in physics, such as 
electric potential (see potential, electric) , 


magnetic potential (see potential, magnetic), 
nuclear potential (see potential, nuclear) and 
gravitational or mass potential, the latter be- 
ing defined at any point as the energy neces- 
sary to cany a unit muss from that point to 
a region of sf)ace infinitely removed from all 
matter. Its value is the integral of G{dm/r)j 
where (/ is I he gravitational constant, dm is 
any mass element, and r is the distance from 
the point in riuestion; the integration being 
cxt(*n(h‘d throughout all existing matter. Elec- 
tric potential and iiiagnetic potential at a 
j^oint are defined as the energy necessary to 
carry unit charge, or unit pole, res])ectively, 
from infinity to that point. The “Newtonian 
potential function” is a nuitlicmatical expres- 
sion occurring as a factor in all these poten- 
tials. (See Laplace equation.) 

A e4iaraetf'ristie of tlie mass potential, tlie 
eleetrie potential, and the magnetie potential, 
is that in eaeh case the first derivative of the 
potential witli respect to any direction, as x, 
at any ])oint in space, is equal in magnitude 
to the con)])onent of the field intensity in that 
dirc'ction at the point in question. 

The foregoing potentials all involve inverse- 
sfpiare forces; if the field obeys the inverse- 
first-])ower law, the potential involves the 
logarithm of tlie distance, and is called the 
“logarithmic potential ” 

By analogy, we have aEo a so-callorl "ther- 
modynamic potential,” \vhich, in reference to 
a sul)‘^tancc in any stale, represents the en- 
ergy which ha« been rt'quired to bring unit 
ina— of the to the state in question 

fr(»m some arbitrarily defined, initial state. 

In physio*-, a “potential field” is a vector 
field derival )1( from a scalar potential, as 
E - V </>. Any vector V such that V X V 

0 can lx* -o (xpix'S'^cd. C'on\’ersely, any 
wetor B such tliat V -B - 0, can ]>c cx]m‘ssed 
as B - ^ A, as in magnetostatic field. 

A i< called a vector potential. 

POTENTIAL, ADVANCED. See advanced 
potential. 

POTENTIAL, APPEARANCE. See appear- 
ance potential. 

POTENTIAL, ASYMMETRY. See asym- 
metry, potential. 

POTENTIAL BARRIER. A region includ- 
ing a maximum of potential which prevents a 
low energy particle on one side of the region 
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from passing to the other side. The electrical 
repulsion of a nucleus for a positively-charged 
particle, eg., nn a-jiarticlc, computed by the 
law of Coulomb, leads to such a barrier sur- 
rounding a nucleus. Although by classical 
j)hysics a particle must possess an energy ex- 
ceeding the height of the potential barrier to 
pass this barrier, the wave mechanical inter- 
pretation shows that there is a definite pos- 
sibility that a particle with less energy may 
do (See penetration probability.) 

POTENTIAL, COEFFICIENTS OF. (.on- 
^idfT a system of n conductors bearing charges 
• • • Qn. Let the potentials of the conduc- 
tors be Fi • • • The potentials are linear 
iimetions of the charges: 

Vi == P 1//1 + Pi 272 H h VlnQu 

« 

^"2 = V 2 \q\ + P2272 H f V^nQn 

f n ~ Pnl^l “I" P 712^2 “4" * * * “f" PnnQn* 

The cooffieients p^j are called potential coeffi- 
cients. Their matrix is symmetric (pjj = p^,). 
The inverse matrix gives the 9’s as functions of 
the r’.s: 

q\ = Ci\V I + • • • + 

qn =* + • * • + Cnny n* 

The inverse elements c,j = are the eoefli- 
cients of mutual eleetrostatic induction. 

POTENTIAL, CONTACT. A differeriec of 
electrical potential (‘xi^ting between two sub- 
stances in direct contact. All metals, elec- 
trolytic solutions, and other substances con- 
taining ^‘frcc” ions or electrons, exhibit a dif- 
ference of potential on direct contact 

POTENTIAL, CRITICAL. Sec critical po- 
tential. 

POTENTIAL DIAGRAM. A curve showing 
tlic potential or the potential energy of a par- 
ticle or system of particles as a function of 
the coordinate (s). A plot of U(r) as a func- 
tion of r when the function is defined by the 
Morse equation is an examjile, as are the fig- 
ures shown in the entry on potential, nuclear. 

POTENTIAL DIFFERENCE. Consider a 
direct-current electric circuit divided into two 
parts: (1) a box containing sources of cmf 
and (2) a box containing no sources. The 
potential difference arre^ss the common termi- 
nals of these boxes is 

K = = S ^ IRg 


where I is the current, Rl the resistance of 
the “load” box, 8 the emf of the “generator” 
box, and Ry the resistance of the “generator ” 
(See also electrostatics; potential.) 

POTENTIAL DIFFERENCE, CONTACT. 
S('e potential, contact. 

POTENTIAL, DIFFUSION. The difference 
of potential at the boundary of an electrical 
“double layer.” This is also called the liquid 
junction potential. 

POTENTIAL, DISCHARGE. A ch traett r- 
i^tic value of the electrode potential, ob- 
served in the electrode potential-current rela- 
tion.shii) determined for an electrode in con- 
tact w'ith an ionic solution The distinguish- 
ing f(‘ature of this value is that it marks a 
j)oint of inflection, at v\hich the current in- 
creases very rapidly with sinall increases in 
electrode potential. This high current vnliie 
is maik(‘d by discharge of ions upon tlie elec- 
tiode 

POTENTIAL DIVIDER. See voltage di- 
vider. 

POTENTIAL DROP. The ])otcn(ial dn>p in 
a branch of an electric network is - IR, 
the product of current and resistance. Thi^ 
g(‘neral]zes to IZ {Z being inupedance) in tlie 
ease of alternating current. 

POTENTIAL DROP, LAW OF. See dec- 
trie circuits; electric currents. 

POTENTIAL, ELECTRIC. If a cliarge of 
electricity is moved from one region of space 
to another, it encounters, in general, ('lectric 
forces which either help or hinder the transfn- 
and which therefore add to or subtract from 
the potential energy of the charge. Suppose 
that a positi\e unit charge has been brought 
into the region A from a region so remotely 
beyond the borders of the material universe 
that no electric forces exist there. In general, 
a certain amount of w'ork, V has been done 
against the electric forces encountered on the 
way in; consequently Fi may be regarded as 
the potential energy which the unit charge has 
acquired in the lu'oeess. This work per unit 
charge, T%, is called the absolute electric po- 
tential of the region A. It is a scalar quan- 
tity, and may be cither positive or negative; 
for example if A is in the vicinity of a large 
negative charge, the unit positive charge has 
been attracted and has done work, or lost po- 
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tcntial energy, during its journey, and Va is 
therefore negative. If a second region B is 
at a potential Vm less than Va, the unit charge 
would lose potential energy in moving from 
A to B, in the amount Va - Vb. Thus, in an 
electrolytic cell, a positive ion migrates from 
the high-potential to the luw-poteiitial elec- 
trode, and does work in heating the solution. 
Negative charges tend to migrate from lower- 
to higher-potential regions; this is illustrated 
by the electrons in a wire. 

The absolute zero of potential is of course 
that at an infinite distance from the universe; 
but for practical purposes an arbitrary zero 
is used, commonly that of the earth’s surface 
(which is by no means constant) ; or that of 
some other large conductor, such as the nudal- 
lic base or case of the a])])aralus being used. 
The ordinarj^ unit of electric ]iotential is the 
volt. (See electromotive force and electro- 
statics, laws of.) 

POTENTIAL ENERGY. See energy, poten- 
tial. 

POTENTIAL ENERGY, NUCLEAR. The 

average total potential energy of all of the 
nucleons m a nucIcMis due to the specifically 
nuclear forces betwc'cn them, but excluding 
the ele(‘trostatic ])otential energy. 

POTENTIAL FLOW. Flow in v\hich the 
(\('ctor) flow velocity is the gradient of a 
scalar function of po.sition, the velocity po- 
tential The Ilow of an inviscid and incom- 
jiressible fluid set in motion by pressnri's on 
the boundaries or by external fields of force 
derivable from a potential i- irrotational at 
all subsequent times and so has a vi‘Iocity 
potential. 

POTENTIAL FUNCTION. A scalar func- 
tion satisfying the Laplace equation: 

V^<t> - 0. 

POTENTIAL, IONIZATION. See discussion 
of critical potential. 

POTENTIAL, LIQUID JUNCTION. See 
liquid junction potential. 

POTENTIAL, NUCLEAR. The potential 
energy F of a nuclear j)article as a function 
of its position in the field of a nucleus or of 
another nuclear particle. A central potential 
is one that is spherically symmetric; that is, 
F is a function only of the distance r from 


the center of the field, thus being the same 
in all directions, and is representable by a 
curve as in Figs. (A)~(F). A potential well 
is the region about a minimum in the poten- 
tial; it results from attractive forces. A po- 
tential barrier is the region about a maximum 
in the potential; it results from repulsive 
forces, either alone or in combination with 
attractive forces. Some central potentials 
commonly used as approximations to nuclear 







potentials are illustrated in the figures. (A) 
showr^ a square wdl ])oteniial, which has a 
constant iiegatue value - Fq for r^ro and 
zero value for r ^ ro. Wlu'u this curve repre- 
sents the potential between two nucleons, ro 
is called the range of nuclear forces; when it 
represeiitvS the pot(‘ntial of a nucleus, for a 
nucleon, ro is called the nuclear radius. (B) 
shows a square well potential for r^ro with 
a Coulomb potential resulting from repulsive 
electrostatic forces, for r > ro. The resulting 
barricT is called a Coulomb barrier, and the 
maximum energy B is called the barrier 
height. Such a potential approximates that 
of a positively charged particle in the field of 
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a nucleus, and is often used in the theory of 
a-disintegratiori and nuclear reactions. (T) 
shows an exponential well, V = (/)) 

shows a Gaussian well, V = (E) 

shows a Yukawa potential. Y = — (T'o/rlc ' 
used in the meson theory of nuclear forces 
for Ihe interaction between t\^o imcleons. 
(F) shows a wine-bottle potential, character- 
ized by a low central elevation. If a high 
central elevation is present, the resulting bar- 
rier is called a central barrier. 

POTENTIAL OF A FIELD OF FORCE. 
Potential energy ])(*r unit nui^s for a gravita- 
tional field of force or ptu* unit chaige for an 
electrostatic field of force. 

POTENTIAL, OXIDATION. See oxidation 
potential. 

¥ 

POTENTIAL, REDUCTION. Sec reduction 
potential. 

POTENTIAL, RESONANCE. Sr e discussion 
of critical potential. 

POTENTIAL SCATTERING. See scattering, 
potential. 

POTENTIAL, SPARKING. The differeiK^e 
in electrical potential necessaiy to cause an 
electrical spark to ]iass bc'tween two given 
points in a gi\en inediuni under a given tein- 
perature and other conditions. 

POTENTIAI., STANDARD. The jioteritial 
of an electrode composed of a substance in its 
standard state, in equilibrium with ions, which 
are all in their standard states. (See hydro- 
gen scale.) 

POTENTIAL, STICKING. The limiting 
value of &crcen-to-cathode potential on a 
cathode-ray tube with a non-condnctmg back- 
ing for the phosphor. The fact that this jio- 
tential cannot be exceeded regardless of the 
accelerating voltage limits the brightness of 
the spot which can he achieved. This limit- 
ing action normally occurs between 4 and 10 
kilovolts for the plain phosphor, wdien the 
number of secondary-emission electrons from 
the screen falls below the number of beam 
electrons. 

POTENTIAL, STOPriNG. That potential 
required to bring an emitted electron to rest — 
thus a measure of the initial velocity or the 


energy of the electron. The magnitude of 
tills quantity when the electrons are emitted 
from a surface by the photoelectric effect of 
light, is equal to (hy — hvo)/e w4icre h is the 
Planck constant, v is the frequency, and e is 
the charge of an electron (in consistent units). 

POTENTIAL, STRIKING. (1) That poten- 
tial required to initiate an arc. (2) That 
starter-anode potential for a cold-cathode gas 
triode w4iich will initiate anode current flow\ 

POTENTIAL TEMPERATURE. 1 he tem- 
perature tliat a eompresbihlc fluid would at- 
tain if it w'ore compressed (or expanded) 
adiabatically from its existing state to a 
standard pressure, commonly 1000 millibar — 
10^^ dyne cm“^. Potential temperature is 
nailly a measure of entropy, and it is used 
in meteorology to assess the convcctionai 
stability of air masses. Temperature and 
luevsiiiT of a i^arccl at its existing level and 
its iKitential temperature arc related as in- 
dicated by the equation, 



where 0 is the potential temperature, T is the 
a(‘(ual lemjHTalure, and p is the actual pres- 
suie. 

POTENTIAL lEMPERATURE, EQUIVA- 
LENT. The temperature that a given sani- 
j)le of air would have if it w’cre brought adi- 
abatieally to the toj) of the atiiio^])hcrc (i e., 
to /('ll) ])ressiiiv) so tliat along its route all 
the water vapor ])resont w^cre condensed and 
precipitated, the latent heat of condensation 
bc'ing given to the sample, and then the re- 
maining dry air comiirosscd adiabatically to 
a pressure of 1000 millibars. 

POTENTIAL, VECTOR. See vector poten- 
tial. 

POTENTIALS, WAVE. See wave potentials. 

POTENTIAL WELL. Sec potential, nuclear. 

POTENTIOMETER, (i) An instrument used 
for the measurement or comparison of small 
potential differences or electromotive forces, 
liased upon the “law of potential drop^' (see 
electric circuits). One of the simplest poten- 
tiometer circuits is shown in the accompany- 
ing diagram. Current from a battery B is sent 
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through a resistance MN and is adjustable by 
means of a rheostat A. From one extremity 


A 



Diagram of j)ot('ntiomot(*r circuit 


M of this resistance is taken off a branch cir- 
cuit containing the potentiometer terminals 
-f-7\ — T, behvecn whi(‘li /^, one of tlie electro- 
motive forces to be compared, is connected. 
Tliis circuit rejoins the main circuit at a ])oiiit 
P which is adjustable so that the partial re- 
sistance MP or R can be varied, while MN 
as a whole remains constant The + and — 
leads from E must be connected as shown, 
and the electromotive foice of B must exceed 
E. 'rhe position of P is now adjusted until 
the galvanometer (r sliows no current, indicat- 
ing that the jiotential drop from P to just 
balances tlie el(*ctromoti\ e force E. If two 
different eh'ctromotive forces Eu Ej, are thus 
connected and balanced in succession, and if 
th(‘ corresponding valu(‘S of the resistance ^[P 
are /Pi, /?o, then since the current thiough ^[N 
is unaltered, the law of potential drop gives 

El _ Ri 

Eo }Po’ 

In particular, one of the electromotive forces 
may be a standard cell of accurately known 
voltage; the tithor is thereby determined. In 
such ease the standard eell should be safe- 
guarded by a high r(‘sistance //, which is grad- 
ually reduced as the zero-current adjustment 
is approached ; and the key K should be closed 
only for an instant. In some potentiometers 
the whole equipment, including galvanometer 
and standard eell, is contained in one com- 
pact case. (2) The term potentiometer is also 
used to denote a three-terminal voltage-di- 
viding network such as is used in volume con- 
trols for radio receivers, etc. Confusion may 
be avoided if the term voltage-divider is used 
for this purpose. 

POTENTIOMETER, BROOKS DEFLEC- 
TION. A potentiometer dt'signed to be set 
at an approximate null, the error voltage then 


being directly readable from the galvanom- 
eter. 

POTENTIOMETER, CAMPBELL-LARSEN. 

A modification of the Larsen potentiometer 
(see potentiometer, Larsen) that can be made 
direct-reading in volts for any selected fre- 
quency. 

POTENTIOMETER, COORDINATE. An 
a-c potentiometer in w hich the balancing volt- 
age is obtained by varying the magnitudes of 
two alternating voltages wdiicli arc in quadra- 
ture with oacli other. 

POTENTIOMETER, DIESSELHORST DIF- 
FERENCE. A potentiometer arrangement 
wdieroin the supply current is fed to a ‘‘re- 
sist anee eircle’' via a rotaiable, diametral 
slider* An adjustable voltage is thus pro- 
vided between two fixed jioints on opposite 
sides of the circle. The supply current is di- 
\ide(l onto the two paths; the difl’erence of 
potential drops taken from these tw^o paths is 
the output voltage of the divider. 

POTENTIOMETER, DIRECT-READING. 
A potentiometer wdlh the slido-wdro calibrated 
in volts. By setting the dial at the known 
voltage of the standard cell, and adjusting 
the sujiply current for balance, the slide-wdre 
position for balance of an unknowm emf gives 
a direct reading of the unknowm voltage 

POTENTIOMETER, DRYSDALE. An a-c 
polar potentiometer (sec potentiometer, polar) 
in wdiich tlic constant operating current is 
moasured by an electrodynaniic niilliam- 
incder. The voltage-divider is calibrated by 
u.sing a direcL current sujijily and balancing 
against a standard cell. Substitution of an 
alternating current of the same magnitude 
yielfK the desired alternating voltage at the 
<livider. A phase-shifter must be incorporated 
in the a-c supply to adjust the phase of the 
balancing voltage to that of the unknown 

POTENTIOMETER, GALL. A coordinate 
potentiometer (s(‘c potentiometer, coordinate) 
comprising two similar i)otcntiometers sup- 
plied by quadrature currents. 

POTENTIOMETER, LARSEN. A coordi- 
nate potent iornetcT (see potentiometer, co- 
ordinate) utilizing resistance and mutual in- 
ductance in the phase splitter. The adjust- 
ments are frequency-dependent. The fre- 
quency must he known accurately, and only 
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at one frequency can it be made direct-reading 
in volts. 

POTENTIOMETER, LINDECK. Most po- 
tentiometers balance the unknown emf against 
a variable emf derived from a variable re- 
sistance carrying constant current. The Lin- 
deck arrangement uses a fixed resistance, 
whose current is varied to achieve balance. 

POTENTIOMETER, MAGNETIC. A sole- 
noid wound on a flexible non-magnet ic core, 
connected to a ballistic galvanometer (see 
galvanometer, ballistic). The difference of 
magnetic potential between two points can 
be measured by moving one end of the sole- 
noid from the first point to the second, with 
the other end of the solenoid stationary. 

POTENTIOMETER, PEDERSEN. A co- 
ordinate potentiometer (see potentiometer, 
coordinate) for comparing two alternating 
voltages. It utilizes a fixed, frequency-in- 
sensitive, phase-splitter for obtaining the re- 
quisite quadrature components. 

POTENTIOMETER, POLAR. An a-c po- 
tentiometer in which the unknown voltage is 
balanced by means of a single voltage wdiich 
is variable in both magnitude and phase, (('f. 

potentiometer, coordinate.) 

POTENTIOMETER, RUBICON MICRO- 
VOLT. A commercial-design potentiometer 
based on the Brooks standard-cell comparator 
(See potentiometer, standard-cell compara- 
tor.) 

POTENTIOMETER, SIN. A poteniionieter 
which, when supplied with a suitable d-c sup- 
ply voltage, will have an output voltage pro- 
portional to the sine of the shaft position 
angle. Used as a resolver in computer and 
radar systems. 

POTENTIOMETER, STANDARD - CELL 
COMPARATOR (BROOKS). A combination 
incorporating both constant current, variable- 
resistance adjustment and constant resistance, 
variable current adjustment. It was specific- 
ally designed for comparing standard cells to 
1 microvolt. 

POTENTIOMETER, TINSLEY VERNIER. 
A potentiometer in w.dch part of the current- 
carrying circuit con^i^ts of a series of n iden- 
tical coils, each of resistance r. Another set 
of m coils, each of resistance 2r/m, are ar- 


ranged BO that they may be connected in 
parallel with two of the coils of resistance r. 
A contact moving over the contacts between 
adjacent coils of the second set allows adjust- 
ment of the point of connection to an accuracy 
r/m. 

POTENTIOMETER, WENNER DIFFER- 
ENCE. A divided-circuit type of potentiom- 
eter wherein the sujiply current is in a fixed 
re.si stance “circle,’^ and there is a fixed re- 
sistance diaiTU'tral shunt which can be “ro- 
tatod^' around the circle. 

POTENTIOMETER, WHITE COMBINA- 
TION. A cascaded arrangement of a high- 
range potentiometer and a low-range potenti- 
ometer The high range is adjustable in steps 
of, say, 100 microvolts. The low range po- 
t(*utiometer then nu'asures the residual un- 
balance voltage, which cannot exceed 100 
microvolts. 

POTENTIOMETER, WUI.F. A potentiom- 
eter in which two identical sets of coils are 
used, with a s\a itching arrangement which in- 
creases the resistance in one set nnd ^imiil- 
tan(‘uusly (lecrea'^es tli(‘ resistance in the other 
set by the same amount. The two '-ets are in 
series, one being included in the galvanometer 
circuit and the other only in the battery cir- 
cuit. The total resistance is thus kept con- 
stant while the resistance in the galvanometer 
circuit is varied. 

POUND. A unit of mass in the English sys- 
tem of weights and measures. Unless sjiecified 
otherwise, it is understood to be the avoirdu- 
pois pound of 453.59 grams, rather than the 
troy pound of 373.24 grams. It is also used 
a unit of force, in which case it is the weight 
of one pound at a location where g = 32 174 
ft/sec^ (cf. poundal). The equivalents are as 
follows: 

1 pound avoirdupois = 10 av. ounces 
1 pound avoirdupois = 7000 grains 
1 pound avoirdupois = 0.45359 kilogram 
1 pound avoirdupois = 453.59 grams 
1 pound troy = 373.24 grams 

1 pound troy = 12 ounces troy 

1 pound troy = 5760 grains 

POUNDAL. A unit of force in the f Ibm s 
system, being the force which imparts an ac- 
celeration of 1 ft/sec^ to a mass of one pound. 
Equal to 1 lbf/32.174. 
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POWDER METHOD OF ANALYSIS. A 
method for the x-ray analysis of crystals. A 
beam of x-rays is directed on the finely-pow- 
dered crystalline material, by which it is dif- 
fracted. Many minute crystals in the powder 
are oriented in the correct direction for the 
Bragg equation to be applied to the deter- 
mination. The diffracted x-rays are allowed 
to impinge on a film strip which surrounds the 
powder; characteristic ring patterns are then 
obtained. The x-ray photograph made in the 
process is characteristic of each crystalline 
material, and so can be used in identification. 

POWDER PATTERN. An improvement of 
the elementary scheme of using iron filings to 
portray magnetic fields. The use of very fine 
powdcis or colloidal ])aHicles of magnetic 
material allows the graphic demonstration of 
magnetic domains in a single crystal of fca ro- 
magnetic material. 

POWELL BANDS. Talbot bands produced 
when I he glass plate is introduced into a hol- 
low prism (‘ontaining a liquid. 

POWER. (1) The time rate of doing work. 
Tlie defining (‘(luatioii for power is P = dW/dt, 
where W is th(‘ w'ork done and t is the lime. 

It iiiiiy be expressed in units of work per 
unit time (e.g., fool-i)ounds per minute or 
ergs per s('cond) or more arbitrarily, as in 
horsepower or w^atts. One horscf>ower i.s 
fool-lbs per minute. One watt is 10”^ 
ergs (or 1 joule) per second. 

(2) A power with a positive! integral ex- 
ponent 7n is the repeated product, of m factors 
each equal to o. u”* = o-a- * • • a {in factors). 
The number a is called the ba.se, in is called 
the exponent and a"* is culled the power. A 
power w'ith zero exponent is defined to ho unity 
provided the base* is non-zero. A power with 
a positive fractional exi)oncnt m/n wdiei-'' m 
and r? are positive integei-s is defined as the 
principal /?th root of the inih power of a. A 
liower w^ith a negative exponent is defined as 
the reciprocal of the corresponding powder with 
the positive exponent. The fundamental law\s 
of exponents are expressed by the formulae: 

dr ^ aP' ^ 

{cT)^ = 

^ aP 

se — . 


These laws hold for all types of exponents 
w'hen a > 0, 6 > 0, and some of them for 
rt < 0, 6 < 0. Care must be exercised in their 
use in this case, especially if fractional ex- 
ponents occur. An algebraic function of the 
form ax^ is a power function. A series of the 
form Go + oix -f a-jx^ + * * *, with a finite or 
an infinite number of terms is a power series. 

PO^VER AMPLIFICATION. See amplifica- 
tion, power; and power gain. 

POWER ATTENUATION. See power loss. 

POWER, AVAILABLE. See available power. 

POWER-BAND MERIT. The product of the 
oiill)ut power of an amplifier at mid band 
miiltipli(‘d by tlu* bandwidth of the amplifier 
measured between points wdierc the gain is 
unity.* Not in general use. (Sec gain-band- 
width merit.) 

POWER, CARRIER-FREQUENCY, PEAK 
PULSE. See peak pulse power, carrier-fre- 
quency. 

POWER DETECTOR. A detector which can 
tolerate larg(> signals without distortion. 

POWER, ELECTRIC. Electric power is the 
product of electric current and electromotive 
force; that is, mult iplieation of current by 
voltage forms the basis of the calculation of 
electric power. In a d-c circuit, the current 
measured in amperes, multiplied by the volt- 
age betwc('n wires, is the power in watts. A 
thousand watts constitutes the kilowatt, a 
larger and more frequently employed unit of 
(deetric power. 

The voltage and current may not be in 
phase with each other in an a-c circuit and, 
while tlie instant aneou.s power i« the product 
of tlie instantaneous voltagi' and current, this 
oiit-of-phasc relation causes th(' juiwer to fluc- 
tuate between positive and negative values, 
lienee for the average powder (wdiich is usually 
w'hat is desired) this factor needs to be taken 
into account in determining electric powder in 
an a-c circuit, for it is only that component 
of the current wdiich is in phase with the volt- 
age that contributes to the averace electrical 
))owxT. The out-of-phase component produces 
the ^'w^attless powerP The power factor meas- 
ures the fraction of the current that is in 
pha.«ie and available for true power. It is 
equal to the cosine of the phase difference 
between voltage and current. In a single 
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phase a-c circuit having current of 7 amperes, 
voltage of E volts, and i)o\ver factor /, the 
true power is Elj watts. Jn a balanced three- 
phase circuit, it is Elf watts. (See alter- 
nating current, direct current; power, mean.) 

POWER FACTOR. In alternating current 
networks, the (mean) power is El cos where 
6 is tlie pliase difference between E and 7. 
The multiplying factor, cos is the power 
factor. 

POWER FLOW, COMPLEX. The ( omplex 
})Ower how through a surface is tlie integral 
of the normal component of the complex 
Poynting vector (see Poynting vector, com- 
plex) over that surface. 

POWER GAIN, The ratio of tlic power that 
a transducer delivers (o a specified load, under 
specified operating conditions, to tlie powcT 
absorbed by its input circuit If tlie injiut 
and/or outimt power consist of more than 
one component, such as multi frc(iucncy signal 
or noise, then the particular components used 
and their weighting should bo spocific'd. This 
gain is usually expressed in decibels. 

POWER GAIN, DYNAMIC. Symmyin for 
figure of merit for magnetic amplifier. 

POWER, LENS, niie power of a lens is ilie 
reciprocal of its focal length. Thu^ for a 
thin l(‘ns in air 

where if) is the lens po^\er, n is the index of re- 
fraction, ?'i and r 2 are the radii of curvature of 
the lens .surfaces Lens power is usually speci- 
fied in diopters, or meters 

POWER LEVEL. At any point in a trans- 
mission sy.'^tem, the difference of the iiiea.sure 
of the st(*ady state power at that iioint from 
the measure of an artibrarily specified amount 
of power chosen as a reference. In audio 
techniques, the measures are often expressed 
in decibels, thus their difference is conveniently 
expres.sed as a ratio. Hence, power level is 
widely regarded as the ratio of the steady 
state power at some point in a system to an 
arbitrary amount of nower chosen as a refer- 
ence. 

POWER LOSS. The ratio of the power ab- 
sorbed by the input circuit of a transducer 


to the power delivered to a specified load 
under specified operating conditions. If the 
input and/or output power consist of more 
than one component, such as miiltifrequency 
‘signal or noise, then the particular components 
Used and their weighting should be specified. 
This loss is usually expressed in decibels. 

POWER, MEAN. Tlie inslantaneous power 
in a device, or branch of a network is EL The 
iiK'un power is 



where T is an integral iiurnhor of ] periods, or 
T approachevs infinity for non-p(4*iodie currents. 
Th(‘ mean power is also given by 

P = PlL 

where 7- is the mean sipiarc current, and 7? 
the resis(anre. (See also power, electric.) 

POWER OUTPUT, MAXIMUM AVERAGE. 

The maximum radio- frequency output power 
wlueh can occur under any combination of 
signals transmitted, averaged over th^ long- 
est, n'potitivc modulation cycle. 

POWER OUTPUT, PEAK. The output power 
/ueragod Over a carrier cycle at the maxi- 
iiuiin amplitude which can occur with any 
( oiiibinalion of signals to be transmitted. 

POWER, PEAK PULSE. Sec peak pulse 
power. 

POWER, RADIANT. The rate of transfer 
of radiant energy. (See energy, radiant.) 

POWER SPEGTRUM LEVEL. Lho power 
level f('r the acoustic power contained within 
a band 1 cycle pcT second wdde, centered at 
the specified frequency. The refcnaico powder 
should be explicitly stated. 

POWER SUPPLY. This term is widely used 
to denote a circuit for converting a-c into d-c 
by electronic means. The usual power sujiply 
consists of a transformer for changing the a-c 
voltage to a value which will, when rectified 
and filtered, give the desired value of d-c, 
rectifier tube or tubes, and a filter consisting 
of inductance in series and capacitance in 
shunt with the d-c line. A typical circuit is 
shown. The output of the rectifier is pulsat- 
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ing d-c and hence needs to he smoothed out 
by the filter before it is suitable for many ap- 
plications. Power supplies of this typo are 
almost universal components of radios, am- 
plifiers and other vaeumn-tube devices which 
oiierate from a-c mains. 

POWER TRANSMISSION RATIO. The 

ratio of the average acoustic (aierg>^ tran.s- 
mitted normally through a surface to tlic aver- 
age acoustic energy incident normally upon 
that surface. 


POWER, UNITS OF. 


(1) Absolute Sysl(‘m 
a AT(‘trie e g s(‘e. 

The unit of ))ower is the — . Bv con- 
sec 

joule 

\'ention, however, the watt — 1 is 

see 


erg 

generally used. 1 watt == l(r — . 

sec 

b. Metric m kg sec. 

The unit of power is the watt = 

joule 
1 — . 
sec 

c. English Ibm ft sec. 

The unit of power is the ft/lhal/sec 
= 5.02 X 10""^ horsepower. 


(2) Gravitational System 
a. English Ibf ft sec. 

The unit of power is the horsepower 
= 33,000 fl-lb/rnin = 550 ft lb 'sec. 


POWER, VISl^AL TRANSMITTER. Ihe 

peak power output (sec power output, peak) 
when transmitting a standard television signal. 

POWER WINDINGS. Of a saturabjc re- 
actor, those windings to which the power is 
supplied by a local source. Commonly the 
functions of tlie output winding and the power 
windings are accomplislied by the same wind- 
ing, which is then termed the output winding. 
(See also gate circuit.) 


POYNTING THEORM. Manipulation of the 
Maxwell equations yields a relation knowm as 
the Poynting theorem: 



X II) “ uda + 


X'- 

-XI- 


5dV 


df 


+ n 


aei 

clt 1 


dV, 


where n is the unit vector normal to the sur- 
face *S that bounds <he volume T The eus- 
tomaiy interpretation of this result is that the 
right-hand side represents the rate of loss of 
electric and magnetic eiierg>’^ stored in the 
volume T', that the second term on the left 
rejiresents the rate of dissipation of electrical 
eiK'igy as Joule heat in and that the first 
term \vpresents the balancing flow of (‘Icctro- 
magnetic (‘iiergy through the surface S hound- 
ing the volume. Tt is often convenient to 
assume that the Poynting vector 


p - i: X n 


rcjircsents the power flow pin* unit an'a in the 
direction P. This re^olution of tlie total out- 
laid power flow is not unique, and is not ae- 
ce[)tah]e w lien ai)])lied to an electrically- 
charged magnet, hut is notably 

frucce^sful 111 treating electromagnetic radia- 
tion prohhmis. 

POYNTING-ROBERTSON EFFECT. Tan- 
genlial drag force on a body moving around 
the sun due to the absorption of radiation 
from the sun and causing the body to spiral 
inwards. The rate of decrease per year of 
the major axis n (astronomical units) of a 
body of radius r cm, density p g cm is 
—7 X 10 ^(por) ^ from this effect and is 
thendorc negligible for planets and ]danetoids. 

POYNTING VECTOR. See Poynting the- 
orem. 


POYNTING VECTOR, COMPLEX. AVhen 
the elcctromagnelic field viadors E and H are 
reprcsente<l \^ ith complex amplitudes, the 
Poynting vector (P - E X H) is generalized 
to the complex Poynting vector 

iE X IC; 

its real part is the average power flow per 
unit area. 

PPI. Abbreviation for plan-position indi 
cator. 
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PPPI. Abbreviation for precision plan-posi- 
tion indicator. 

P**I. Abbreviation for precision plan-position 
indicator. 

P*I. Abbreviation for photographic projec- 
tion plan-position indicator. 

PRACTICAL UNITS. Tbo common units 
(volt, ampere, farad, etc.) defined by naulti- 
j)lying the cgs electromagnetic units f)y suit- 
able powers of ton. They can also be defined 
as tlio fundamental units of the MKSA elec- 
tromagnetic system. 

PRASEODYMIUM. Rare earth metallic ele- 
ment. Symbol Pr. Atomic number 59. 

PRANDTL NUMBER. The kinematic vis- 
cosity (see viscosity, kinematic) of a fluid 
divided by its Ihennal conductivity. Its sig- 
nificance arises from the interpretation of the 
kinematic vis(‘osity as a diffusion coefficient 
for momentum or vorticity and of the thermal 
conductivity as the diffusion coefficient for 
Iieat. 

PRECESSION. An effect manifested by a 
rotating rigid body when a torque is applied 
to it in such a direction that the orientation of 
the axis of rotation would change in the ab- 
sence of angular momentum. If the speed 
of rotation and the magnitude of the applied 
torque arc constant, the axi^', in general, slowly 
describes a <‘one, its motion at any instant 
being at right angles to the direction of the 
torque. 

A familiar example of procession is an ordi- 
nary symmetrical spinning top. If the axis 
of spin is not exactly vertical, the force of 
gravity exerts a torque tending to overturn 
the top; but instead of tipping over, it “wob- 
bles'" with a processional motion about the 
vortical tlirough the pivotpoint. The gyro- 
scope exhibits similar behavior. The period 
of precession is given by 



in which 7* is the moment of inertia about the 
axis of spin, Q is the torque due to gravity, 
and the period o^ the spin (see also Lar- 
mor precession). 

PRECIPITATION, CONVECTIONAL. Pre- 
cipitation from clouds caused by thermal in- 


stability, i.e., clouds of the cumulus or cumu- 
lonimbus type. 

PRECIPITATION HARDENING. Directly 
after quenching, an alloy in the form of a 
supersaturated solid solution is mechanically 
.<oR, but becomes harder as precipitation of 
the excess component proceeds. Later, with 
over-aging, it resoftens. Acconling to the 
theory of Mott and Nabarro, the effect is due 
to th(' resistance offered to the passage of dis- 
locations by the internal stresses caused by 
the misfit of the precipitate particles. As 
thc'^e become larger, and further apart, the 
dislocation lines can bilge round them, and 
move more easily again. 

PRECISION. Quality of being exactly or 
'^harply defined or stated. A measure of the 
preci‘-ion of a representation is the number of 
the distinguishable alternativch from which it 
was selected. The prenision of measurement 
is the (hgree of reproducibility among several 
independent measurements of the same true 
value under specified conditions. 

PRECISION INDEX. St e error fimclion. 

PRECONDUCTION CURRENT. The small 
value of electrode current in a gas-discharge 
tube befrffc a self -maintained discharge is 
initiated. 

PREDISSOCIATION. A process hy which 
a molecule that has absorbed energy disso- 
ciatch before it has had an ojiportunity to lose 
energy by radiation. 

PRE-EMPHASIS. (DA process in a system 
to emphasize the magnitude of some frectuency 
components with respect to the magnitude of 
others. (2) The intentional alteration of the 
normal signal wave hy emifliasizing one range 
of frequencies with respect to another. For 
example, pre-emphasis in recording is an 
arbitrary change in the frequency-response of 
a recording system from its basic response 
(such as constant velocity or amplitude) for 
the purpose of improvement in signal-to-noise 
ratio, or the reduction of distortion. 

PRE-EMPHASIS NETWORK. See network, 
pre-emphasis. 

PREFERRED NUMBERS. To maintain an 
orderly progression of sizes, preferred num- 
bers are frequently used for the nominal 
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values. A further advantage is that all com- 
ponents manufactured are salable as one or 
another of the preferred values. Each pre- 
ferred value differs from its predecessor by a 
constant multiplier, and the final result is 
conveniently rounded to two significant fig- 
ures. 

The ASA has adopted as an “American 
Standard^' a series preferred numbers based 
on ^10 and -^lO. This series has been 
widely used for fixed wirewound power-type 
resistors and for time-delay fuses. 

Because of the established practice of ±20, 
±10, — and ±5-perccnt tolerances in the 
radio-compon^t industry, a series of values 
based on -^ 10 , ^^ 0 , and ^10 has been 
adopted by the RMA, and is widely used for 
small radio components, as fixed composition 
resistors and fixed ceramic, mica, and mokh'd- 
paper capacitors. 


pressure is reckoned from vacuum or from at- 
mospheric pressure avS zero. Thus when a tire 
is inflated to “thirty-five pounds,” the actual 
pressure in the tire is about 30 Ibf per sq in. 
Pressure may be defined analytically as that 
part of the stress tensor that docs not depend 
directly on the rate of strain and which arises 
from the molecular movements appropriate to 
the local density and temperature, i.c., the 
preH.>ure satisfying the equation of state. In 
a coinprcssil)le Newtonian fluid (see fluid, 
Newtonian), the stress tensor is 


/au, nuj\ (2 bn, \ 


where 77 is the ordinary viscosity, and 77 ' is the 
second coefficient of viscosii>. Tn agreement 
with ihe definition above, the pressure p con- 
tributes only to the normal stresses. 


PREFERRED VALUES. See preferred num- 
bers. 

PRE-FIRING. Pre-firing refers to the in- 
terval during the ()ut])ut or gating alternation 
preceding firing. The tenn is used as an ad- 
jective to indicate phenomena occurring dur- 
ing this interval, 

PRE-SELECTOR. A pre-amplifier jilaccd be- 
tween the antenna and a radio-rc'ceiver to 
increase* the effective sensitivity and selectiv- 
ity of the ri'ceiver. 

PRESET, FLUX. Synonym for flux rc'^et. 

PRESSING. A phonograjih record, especially 
one made by a pressing process from a 
stamper. 

PRESSURE. A type of stress, characterized 
by its uniformity in all directions (as distin- 
guished from compressive stress in one *iij‘ec- 
tion). Its measure, as with all other stresses, 
is the force exerted per unit area; for example, 
the normal atmospheric pressure is about 14.7 
Ibf per sq in. Pressure is usually associated 
with a decrease in volume; though the opposite 
stress, accompanying an increase in volume, 
is sometimes referred to as “negative pres- 
sure.” This latter must be distinguished from 
the same terra as sometimes used to denote 
pressures below atmospheric, the pressure of 
the atmosphere being in such cases taken as 
an arbitrary zero. It is likewise important, 
especially in pneumatics, to indicate whether 


PRESSURE, ABSOLUTE. The term applied 
to the I rue pressure of a '='ubstaiice or system, 
coinraonly to distinguisli jf froin ])artiiii pres- 
sure, gauge pressure, etc. 

PRESSURE, ATMOSPHERIC. The normal 
atmospheric pressure, or pressure of one at- 
mosj)here, is 1.013 X 10^ dynes per square 
centimeter or about 14.7 j)oun(is per sejuare 
inch. This will support a column of mercury 
(in a barometer) 70 centimeters high at 0°C. 

PRESSURE, COHESION. The correction 
applies] to the pn^ssuie term in the van der 
Waals’ equation to take care of the effect of 
molecular attraction. It is usually expressed 
as a'] ", where a is a constant and V is the 
volume of ilie gas. 

PRESSURE EFFECT ON SPECTRAL 
LINES. S(’C pressure shift and pressure 
broadening. 

PRESSURE, GAUGE. Pressure measured 
relative to atmospheric pressure taken as zero. 

PRESSURE, IMPACT. Pressure exerted by 
a moving fluid on a plane perpendicular to its 
direction of flow. In other words, it is meas- 
ured m the direction of flow. 

PRESSURE, INTERNAL. The attractions 
between the molecules of a substance produce 
the same effect as an added external pressure. 


Pressure Measurement, Null Method of — Prevost Law of Exchanges 
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the internal pressure. In liquids, its effect 
appears as the ability of liquids to withstand 
substantial negative pressures without rup- 
ture. 

PRESSURE MEASUREMENT, NULL 
METHOD OF. A mctliod of sound pressure 
^ measurement, due to Gcrlach, in which the 
sound j)rcssure on a diaphragm is compensated 
by measurable electrodynamic forces so ^liat 
the diaphragm remains at rest under the two 
forces. 

PRESSURE MEASUREMENT, SMITH 
METHOD OF. A method of sound jn'essurc 
measurement in which a balance is obtained 
between the effect produced by the sound in a 
sensitive amplifier connected to tlic receiver 
and the effect of a known small cmf of the 
same sound frequency. 

PRESSURE MICROPHONE. R(‘c micro- 
phone^ pressure. 

PRESSURE MULTIPLIER. A device in 
which the pr(‘ssure of a saiujile of gas, in a 
high-vacuum system, is ami)Iifiod, for exam])le 
by reducing its volume (McLeod gauge), so 
as to pennit easy determination of the })res- 
sure. 

PRESSURE, NEGATIVE. Strictly, a normal 
stress that tends to increase the volume of the 
substance (cf. pressure). Tlie term is often 
used, bowc\er, to iiulicafc' a negative gauge 
pressure, i.e., a pn'S'^ure that is less than at- 
mospheric, or a ])ressure less than TOO milli- 
meters of mercury at 0”G. 

PRESSURE, PARTIAL. The pn'ssurc that is 
exerted by a single gaseous component of a 
mix'ture of gases. 

PRESSURE SHIFT AND PRESSURE 
BROADENING. Spectrum lines arc subject 
to various physical influences brought to bear 
upon the substance emifting the radiation, and 
among these is pressure. When the pressure 
and density of a gas are greatly increased, the 
lines of its spectrum become less sharp, or 
broader (without change of total intensity). 
This broadening is symmetrical but is 
greater in the directio*: of longer wavelength, 
so that the peak or maximum is shifted to- 
ward the red. 


PRESSURE, STANDARD. The pressure ex- 
erted by a column of mercury 760 millimeters 
high at 0°C. 

PRESSURE, STATIC. (1) Pressure in a fluid 
or system that is exerted normal to tlic sur- 
face on which it acts. In a moving fluid, the 
static jircsbure is measured at riglit angles to 
the direction of flow. (2) In acoustics, the 
static pressure at a point in a medium is the 
pressure that would exist at that point with 
no sound waves present. In acoustics, the 
commonly used unit is the microbar. 

PRESSURE-TYPE CAPACITOR. See ca- 
pacitor, pressure-type. 

PRESSURE, UNITS OF. The unit of pres- 
sure in th(‘ cgs system is the dyne cm~‘^. In 
m(‘t(‘orology, the millibar, e(|ual to 10^ d>ne 
cm “ IS oft(‘n used. In engineering practice, 
the units j)f Ibf in. (psi) and atinospliere 
(1.01 3 -10® dyne cm arc used, as well as 
heads expressed in terms of water or meicury. 

PRESSURE, VEI.OCITY. The component of 
the i)rf\‘‘suiT of the moving fluid that is ^ne to 
its M‘locity and is commonly c(|ual to the dif- 
ference between the impact pressure and the 
static i)re‘-surc. (Sfa^ pressure impact, and 
pressure, static ( 1 ) . ) 

PREVAILING WESTERLIES. Winds that 
blow toward (he ])oI(‘s fj-oni the horse lati- 
tudes. They are not as steady as the trade 
winds in the Northern llemisi)liere, but are 
more constant in the Southern Hemisphere, 
where they are known as th(‘ ‘‘Roaring 
Forties.” 

PREVAILING WESTERLIES, LONG 
WAVES IN. There develop in the westerlies, 
particularly during the cold months of the 
year, certain perturbations which cause the 
westerlies to blow alternatcfly northward and 
southward in a sinusoidal wave i)attern, but 
always with a component of velocity directed 
from west to east. Wave crests are associated 
with anticyclones at ground and near ground 
levels, whereas troughs arc associated with 
cyclones. There is, tlierefore, a definite rela- 
tion between the sinusoidal perturbations of 
the westerlies and large-scale surface weather 
phenomena. 

PREVOST LAW OF EXCHANGES. (1) In 

an evacuated enclosure, with walls maintained 




705 


Primary Cell — Principal Plane 


at constant temperature, objects witliin will 
reach a condition of thermal equilibrium at 
which they will attain, and remain at, the 
temperature of the walls. (2) Each body is 
constantly exchanging heat energy with its 
surroundings, the net result of which exchange 
tends to equalize the temperature of the body 
and its surroundings. Cold bodies do not 
radiate cold, they only radiate less heat than 
they receive from warmer surroundings. 

PRIMARY CELL. See cell, primary. 

PRIMARY COLOR(S). The colors of con- 
stant chromaticity and variable luminance 
which, when mixed in proper proportions, are 
us(‘d to produce or specify other colors. Pri- 
maries need not be physically realizable. 

PRIMARY COSMIC RAYS. See cosmic rays. 

PRIMARY DARK SPACE. Another name 
for the Aston dark space. 

‘PRIMARY EXTINCTION." When X-rays 
are diffracted by a very perfect eiystal, in 
which the mosaic blocks are very large, there 
is a relative weakening of the strongest re- 
flections compared with the weaker. INIore 
precisely, the structure factor is din'ctly pro- 
portional to the intensity of the beam in a 
pt'rfect crystal, whilst for a mosaic crystal 
it is jiroportional to the square root of the 
intensity. 

PRIMARY FLOW (OF CARRIERS). A cur- 
rent Mow which is responsible for the major 
properties of a semiconductor device. 

PRIMARY FOCUS. Sec astigmatic focus. 

PRIMARY ION PAIR. See ion pair, primary. 

PRIMARY SKIP ZONE. That area surroi nd- 
ing a transmitter which is beyond ground- 
range, but where sporadic skip transmission 
may be received. 

PRIMARY WINDING. Any winding of a 
transformer used as the input port for power 
is called the ‘‘primary’^ wimling Transfonn- 
ers designed for specific applications often 
have one set of terminals labeled “jiriinary^' 
to indicate normal usage. 

PRIMITIVE. Given a function of one or 
more arbitrary constants or functions, the 
constants may be eliminated by direct differ- 


entiation one or more times, or the constants 
and functions may be eliminated by differen- 
tiation and algebraic operations. The result 
in either case is a differential equation and 
ih(* given function is its primitive or general 
solution. 

PRIMITIVE PERIOD. Defined in entry for 
periodic quantity. 

PRIMITIVE TRANSLATION. A space lat- 
tice has the properly of exactly repeating 
itself if it is carried through any one of a 
number of different translations in space. 
These translations may all be constructed by 
the rejicatcd apiilication of three primitive 
translations, which thus constitute the sides 
of the unit cell of the lattice. 

PRINCIPAL AXIS. (1) The longest axis of 
a crystal. (2) The optical axi-S of a cr>^<tal. 
(3) Alatheinatically, any one of the set of 
axch in terms of whicii a quadratic function 
may be expressed as a sum of sf[uares. (4) 
Of a transducer used for sound emission or 
reception, a reference direction for angular 
coordinat(\s used in describing \hc directional 
characteristics of the transducer. Tt is usu- 
ally an axis of structural syminc'try, or the 
direction of maximum response. (5) For the 
use of tlic term in incclianic^, sec inertia, mo- 
ments and products of. 

PRINCIPAL E PLANE. In electromagnet- 
ics, a piano containing the direction of maxi- 
mum radirdion, and in which the electric vec- 
tor everywhere lies in tiio plane. 

PRINCIPAL H PLANE. In electromagnet- 
ics, a plaiK' containing the direction of niaxi- 
nium radiation, and in which the electric vec- 
tor is everywhere nonnal to the plane, wdiilo 
the magnetic vector lies in the plane. 

PRINCIPAL PLANE (CRYSTAL). For a 

ray of light traversing a double-rcfracting 
crystal, the principal plane is determined by 
the direction of the ray and the axial direction 
of tlio crystal. 

PRINCIPAL PLANE (LENS). Two planes so 
located in a thick lens or lens system such 
that if object distances arc measured from the 
first principal plane and image distances are 
measured from the second principal plane, 
the thin-lens formulae will hold. The inter- 
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sections of the principal planes with the optical 
axis are the principal points of the lens or 
system of lenses. 



Hi and Ih are the priiiripal i)Oinls; MHi and NIh 
the prmeijml planes of a tlnek lens In locating 
images bv a graphical method, pnm ipal rays may be 
used as for tlim lenses if the incident light falls on an 
irnaginai-y thin lens coincident with 1h(' fust principal 
plane, the lens being sluftod to eoincide ^Mth the 
second princijm! ])lane tor the enieigimt light (Bv 
pennission from “Introduction to Optics, Geometrical 
and Physical” by Robertson , 4th Ed , Gopvright 1954, 
D. Van Nostiand Co., Inc ) 

PRINCIPAL POINTS. The intersections of 
tlio principal planes (lens) with the optical 
axis. 

PRINCIPAL SECTION OF A CRYSTAL. A 

plane through a crystal \\hieh contains the 
optic axis of the crystal and the ray of light 
under consideration. 

PRINCIPAL SERIES. See series in line 
spectra. 

PRINCIPLE OF CORRESPONDENCE. A 

statement by Bohr of the HsMimplion (hat 
in the limit, for very low frequencies of radia- 
tion, the results obtained by ({uantum theory 
must be in quantitative agreement with those 
obtained on the basis of classical thcoiy. Ac- 
cording to this principle, the predictions of 
quantum theory must coincide with those of 
classical theory for sufficiently high quantum 
numbers. 


PRINT-THROUGH. A type of distortion 
sometimes present in magnetic tape record- 
ings which is due to one strongly-magnetized 
layer of tape “printing^^ its magnetic image on 
adjacent layers of ta})e. 

PRINTED CIRCUIT. Any circuit fonned 
by depositing a conducting material on the 
surface of an insulating sheet. This may be 
achieved by the use of electrically conducting 
ink, electroplating, etc. 

PRIONOTRON. One form of velocity-mod- 
ulation tube. 


PRISM, (1) A polyhedron with two congru- 
ent and parallel faces, the bases. Its other 
faces, called lateral, are produced by drawing 
lines from the vertices of the ba^^cs and they 
are therefore parallelograms. The prism is 
named triangular, quadrangular, etc., descrip- 
tive of its base. (2) (Hass and oilier trans- 
jiarent materials are out into many different 
forms of prism for various optical purpose's. 
Incident light may pass directly through a 
prism, or may emerge yfleu* oiu' or more m- 
iernal reflections; m some cases it is •polar- 
ized. 

The common triangular prism, familiar in 
older forms of spectroscope, receives light 
upon one tece and passes it through another 
after two refractions, resulting in a total de- 
viation A dependent upon the angle of the 
prism and its refractive index for the light 
used. If the light is incident at angle i on the 
first prism face, and if the prism angle is a 
and the refractive index is it, the tolal devia- 
tion after passage through the prism in a plane 
at right angles to the prism edge is given by 


A = i — a + sin” 


71 Sin ya — sin - — j 


(Sec also prism, Amici; prism, Comu-Jellet; 
prism, Eery; prism, roof, etc.) 


PRINCIPLE OF EQUIVALENCE OF 
MASS AND ENERGY. See mass-energy 
equivalence. 

PRINT-OUT EFFECT. The appearance of 
metallic silver in a silver halide emulsion 
after prolonged exposure to light. It is be- 
lieved that the light 1 oorates electrons which 
go to the specks of sih' r already present, at- 
tracting to tht.n further silver ions whilst the 
halogen escapes to the surface. 


PRISM, AMICI. A direct-vision prism, that 
is, a prism combination by which a beam of 
light is dispersed into a spectrum without 
mean deviation. Such prisms are sometimes 
used in direct-vision spectroscopes. 

The principle will be clear from the follow- 
ing example. Assume an inverted prism of 
crown glass wdth an angle of 40®, used with 
an erect prism of flint glass. Yellow sodium 
light («5893 A) is deviated by the crown-glass 
prism through -1-22® 32' (upward). For the 
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flint-glass prism to produce an equal negative 
(downward) deviation it must have an angle 
of 33° 40'. (Each prism is supposedly set 
for minimum deviation.) Together they pro- 
duce no deviation for this w'avelength. But if 
light of 7682 A (red) is used, the deviation 
of the crown glass is +22° 16', while that of 
the flint is —22° 10', giving a net deviation of 
+6'. And for the wavelength 4047 A (violet), 
the deviations are, respectively, +23° 12' and 
— 23° 44', giving —32'. There hs thus, bctw’een 
the ends of the visible spectrum, a separation 
of 38'. Additional pairs of prisms may be 
used to increase the dispersion. More com- 
monly 2 crown and one flint prisms arc used, 
thus reducing surface reflection at the air-glass 
interfaces. (Also S('e prism, roof.) 

PRISM, BRASHEAR-HASTINGS. A type of 
roof prism (see prism, roof) which has the 
desirable property of being able to invert an 
image without producing deviation or dis- 
placement of the beam. Because of manu- 
facturing difRculties, this prism is seldom 
made. 

PRISM, CONSTANT-DEVIATION. A prism 

wliieh refracts any required wavelength at 
minimum deviation in a prescribed direction 
to that of the incident beam. (8(‘e also 

prism, Pellin-Broca. ) 

PRISM, CORNU DOUBLE. In order to 
make use of the ultraviolet -transmitting 
properties of quartz without inlrodiicing its 
double refraction, Cornu made a compound 
prism by cementing togeth(*r two 30-degree 
prisms, one of right -1 landed and one of left- 
handed quartz. 

PRISM, CORNU-JELLET. A prism made by 
splitting a Nicol (see prism, Nicol) in a plane 
parallel to the direction of vibration of the 
transmitted light and removing a wedge- 
shaped section. When the two pieces are 
joined together again, the planes of vibration 
of the light transmitted by the two halves 
make a small angle with each other. 

PRISM, DOUBLE IMAGE. See prism,. Wol- 
laston double image. 

PRISM, DOVE (REVERSING PRISM). A 
prism which has the property of inverting a 
beam of light. Three faces are polished, and 
the size and index of refraction must be prop- 


erly correlated if the beam is not to be dis- 
placed laterally. Rotation of the prism about 
the axis of the beam rotates the beam at twice 
the rate of rotation of the prism. 



PRISM, F£RY. A prism, widely used in mak- 
ing spectrographs, which collimates, reflects 
and refracts the refracted light-raja’s. The 
Fery has spherical-ground and coated 

surfaces. 

PRISM, FOUCAULT. A polarizing prism 
of calcite similar to a Nicol piisiii (see prism, 
Nicol) but with the two parts separated by a 
thill air film, and cut to such angles that the 
extraordinaiy beam will be transmitted, and 
the ordinary beam, totally-refli cteil. A Fou- 
cault prism is never as (‘ffieient as a Nieol 
prism because some of the extraordinary 
beam will also he n'fleeted. 

PRISM, FRESNEL BIPRISM. A very flat 
prism with two veiy aeidc* angles and one very 
obtuse angle. A device developed for obtain- 
ing interference betwc‘cn two sections of a 
w^ave front, with diffraction largely elimi- 
nated. 

PRISM, GLAN. Also known as Glan-Tliomp- 
son prism. A jiolariziiig prism somewhat like 
a Nicol prism (see prism, Nicol) ))Ut with 
faces normal to the axis, and with the two 
parts separated by a glycerin film. 

PRISM, LIPPICH. A type of lialf-shade ana- 
lyzer eon'^isting of a small Nieol prism (see 
prism, Nicol) covering half the field of a 
pularimcter. 

PRISM, LITTROW. A 30-60-90 degree 
prism silvered on the side opposite the 60 
degree angle. A single lens can then be used 
as both collimator and telescope. 

PRISM, NICOL. One of the best known de- 
vices for producing plane-polarized light* It 


Prism, Pellin-Broca — Prism, Roof 
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consists of two pieces of Iceland spar (pure 
calcium carbonate) cut as shown in the fig- 
ure. The optic axis of each is approximately 



Diagram of Nicol prism Doublo-hoaiiod arrot/s in 
dicato direction of optic axis 


indicated by the double arrow, and they arc 
cemented together wdth colorlc'^s Canada bal- 
sam along the jilane ^^N. If the incident 
beam IP is iinpolarizcd, it suffers double re- 
fraction at Py dividing inlo an ordinary com- 
ponent P(y and an extraordinary coni])onont 
PE\ The refractive index of Iceland spar 
for the ordinary ray (sodium light) is 1.658 
and for the extraordinary it is l.ltSG, while 
that of Canada balsam for both is 1 53 The 
ordinary ray tluTeforc encountiu's at O' a less 
refractive medium, and, the incidence being 
at an angle larger than tli(‘ critical angl(‘, it is 
totally reflected (O'O) ; while the extraordi- 
nary ray incident at E' encounters a more re- 
fractive medium, therefore cannot suffer total 
reflection and most of it parses on along E'Qy 
emerging along QE completely plane-polar- 
ized with its vibration plane in the plane of 
the paper. Modifications of tliis jirism, hav- 
ing different shapes and using oilier cements, 
have been designed for special ])ur])oses. 

PRISM, PELLIN-BROCA. A constant-devi- 
ation prism (see prism, constant-deviation). 



consisting of two 30° prisms, connected by a 
45° total-reflecting prism, (See prism, total- 
reflecting.) 


PRISM, PENTA. A five-sided optical prism 
of which one angle is 90°, and the other four 
are 112° 30' each. 

PRISM, PORRO. A triangular optical prism 
having one 90° and two 45° angles. Tw^o of 
these are used in each telescope of the prism 
binoculars. Light enters perpendicular to the 
hypotenuse, and, after t\\o internal reflec- 
tions, leaves by the same face. 

PRISM, RESOLVING POWER OF. The re- 
solving power of a prism (to resolve near-by 
spectral linos) is given by 

R = (Has(‘ of Trism)(J/i/^/X)x 

where {dn/(l\)\ is the rate of change of refrac- 
tive index with wav ('l(‘ngth, in the waveltuigth- 
region und(T consideralion. 

PRISM, RISLEY. Two wedge-shaped prisms 
made so as to rotate with resjK'ct to each 
other, to give a single pri^in of any angle be- 
tween the sum of the two juu^ms and their dif- 
ference. 

PRISM, ROCnON (WOTXASTON PRISM). 

Nicol jni^^ms cannot be u->(‘(l m ultravio!c‘1 
light as the (hinmla hnKam is not trans- 
parent to these shorter wavelengths. The 
Rochon and Wollaston ]insm« tire m;ule of 
quartz or caleito and “eemented” with glycer- 
ine or castor oil. 



Rochon and Wollaston prisma 


The direction of the optic axis of each cr>’’s- 
tal is indicated by the shading. The Rochon 
prism transmits th(‘ ordinary ray without de- 
viation, the ray being achromatic. The light 
should travel through the prisms in the direc- 
tions indicated. 

PRISM, ROOF. A total-reflection prism (see 
prism, total-reflection) in which the surface 
opposite the right angle has been replaced by 
two surfaces at right angles (roof), with their 
common element parallel to the hypotenuse of 
the triangle. The roof prism turns the beam 
through 90° like a total-reflection prism, and 
also inverts the beam like a Dove prism. 
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Roof prisms are sometimes called Amici 
prisms, as are also direct vision spectroscope 
prisms, which arc very different from roof 
prisms. 

PRISM, THIN, FORMULA. For prisms of 
angle sufficiently small that the sine of the 
angle may be replaced by the angle itself, the 
customary minimum deviation formula re- 
duces to: 

8 = (71 — l)a 

where 5 is the angle of deviation, and a is the 
refracting angle of the prism. 

PRISM, THOLLON. (1) Two 30° prisms 
which rotate by equal angles m opposite di- 
rections to give constant deviation (see prism, 
constant-deviation). (2) A compound, spec- 
troscopic priMu consisting of tw'o acute-angled 
f)risms (‘eniented to a right-angled one, giving 
great dispersion w’ltliout the u^c of a train of 
prisms. 

PRISM, TOTAL-REFLECTING. A 45-45- 
00° prism like a Porro prism (s(‘e prism, 
PoiTo) in construction. Tlu' light enters nor- 
mally to a face ojiiiosite to a 45° anele, is 
totally refleeted by the hyiioteniise face, and 
leav(‘s by the third face, tlius having Ixaai 
totally leth'eted throniili 90". The beam of 
light must be sufficiently parallel so that all 
ol the light strikes the retlceting face outMde 
of tlu‘ critical angle, or the rt'fleetion wdll not 
he total. 

PRISM, WOLLASTON. Discussed under 
prism, Rochon. 

PRIVILEGED DIRECTIONS. When a 
plane-polarized beam falls on a thin plate of 
an anisotropic material which is not ojitnaJtv 
active, there are in general two and only twm 
mutually-perpcndieular directions for the 
plane of polarization (privileged directions) 
such that the emergent beam is also plane- 
polarized. With other orientations of the po- 
larization of the entrant beam, the emergent 
beam is circularly or ellipticallv polarized. 
(See light, plane-polarized; and light, cllipti- 
cally-polarized.) 

PROBABILITY AMPLITUDE. The eigen- 
functions <!> obtained by solving the Schroe- 
dinger wave equation. (See also probability 
density.) 


Prism, Thin, Formula — Product, Inner 

PROBABILITY DENSITY. The quantity 

= |4>l^dr = |4>*prfr 

where is the Schroedinger wave function, 
is its complex conjugate, and is the corre- 
sponding eigenfunction. As w^as postulated 
by Born, the quantity set out above gives the 
probability that the particle under considera- 
tion will he found in the volume element dr 
at the position given by the coordinates. 

PROBABLE ERR(>R. A measure (pe) of 
the uncertaint 3 ^ of an experimentally deter- 
mined quant ity, such that the “true” value of 
the (juantity is eijually likely to depart from 
the measured value by more or less than pe. 
If the accidental (*rrors are distributed ac- 
cording to the normal error function the ])roh- 
ahle error is defined by the integral (‘quation 

2 ' 

erf (pe) = — f c^'dy = | • 

\/7r Jo 

The other commonly used measures, the aver- 
age deviation a.d. and the standard deviation 
(T are then related to the probable error: 

pe = 0 840 a.d. = 0.07 I(t. 

PROCA EQUATIONS. One of the four in- 
e(|ui valent sets of equations to describe par- 
ticles of spin unity, developed by analogy 
with the Maxwell equations for free space. 

dAy OA^ C^Fny 

kF^, = 

dXp, dXy dx^ 

K being proportional to the mass of the par- 
ticle. 

PRODUCT DEMODULATOR. See demod- 
ulator, product. 

PRODUCT, INFINITE. An expansion of the 
form 

ao 

U1U2U3 Un n w*- 

The partial products form a sequence (p„} 
such that 

Pi = P2 = V3 = 

n 

• • • p.. = n 'u. 

PRODUCT, INNER. Often used for the 
scalar product of vectors but more frequently 


Product, Outer — Prolate Spheroidal Coordinates 
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for a kind of tensor product. Thus the inner 
product of a contravariant tensor of rank 
two, and Byp,,, a covariant tensor of rank 
thr(*e, yields a mixed tensor, Cp,/. This proc- 
ess of removing a repeated index is called con- 
traction. 

PRODUCT, OUTER. Sometirnos moaning 
the vector product of two vectors hut more 
often used for a tensor product. The outer 
product of a contravariant tensor, A', by a 
eovariant vector, B^, is a mixed tc'iisor of rank 
two, A*By = CV It is easy to show that the 
outer product transforms like a mixed tensor. 
The process may be extended for tensors of 
any rank, thus A”‘nBp^ = C\prj. 

PROGRAM. (1) A set of instructions ar- 
ranged in proper se(iu(‘nce to instruct a digi- 
tal computer to jxafonn a desired operation 
(or operations), such as the solution of a 
mathematical i)rol)lom or the collation of a 
set of data. (2) To prei)arc a program (con- 
trast with ^'to code”). 

PROGRAM, CODED. A description of a 
procedure for solving a problem by mean*^ of 
a digital computer. It may vary in detail 
from a mere outline of the proeedure to an 
(‘xplicit list of instructions coded in the ma- 
(•lnne\s language. 

PROGRAM LEVEL. The measure of the 
program signal in an audio system (*\pressed 

m vu. 

PROGRAM SIGNAL. In audio systems and 
components, the complex electric waves cor- 
responding to speech, music', and associated 
sounds, destined for audible reproduction. 

PROGRESSION. A sefpu'nce, successive 
tenns of W'hicb are formed according to a 
given law. (Bee arithmetic, geometric, har- 
monic progression.) 

PROGRESSIONS (IN BAND SPECTRA). A 

series of bands whose separation changes 
rather slowly, found in most molecular 
spectra. 

PROGRESSIVE FREE WAVE. See wave, 
free progressive. 

PROGRESSIVE INTERLACE. A system of 
interlace in which ah odd lines are scanned 
in one field, and all even lines arc scanned 
in the next held. The standard television 


transmission in the United States employs 
this system. 

PROGRESSIVE SCANNING. A rectilinear 
scanning process in which the distance from 
center to center of successively scanned lines 
is equal to the nominal line width. (See line 
width, nominal.) 

PROJECTIVE FIELD THEORIES. See 
field theories, projective. 

PROJECTOR EFFICIENCY. See transmit- 
ting efficiency. 

PROJECTOR POWER RESPONSE. See re- 
sponse, transmitting power. 

PROJECTOR, SPLIT. A directional sound 
projector in which electroacoustic transducer 
elements are so divided and arranged that each 
division may be energized sei)arately through 
its own electric terminals. 

PROLATE. Elongated in the direction of a 
line joining the poles. 

PROLATE SPHEROIDAL COORDINATES. 

The coordinate siirfaci's are famili('s of pro- 
late ellipsoids of rcM)lution around the Z-axis 
with semi^axi's a = ci, b — - 1, $ - 

const.; hyperboloids of revolution ot two 
sheets witli a = c-^, 6 cVI — = const, 

and planes froiri the Z-axis, 0 - const. The 
coordinates arc limited in range: 

-1 < ^ < 1; 1 < f < ^: 0 < <#) < 27r 

and in terms of rectangular coordinates: 

X = cV (1 - ■>?■)(?* - 1) cos 4>] 

V = cV (1 - - 1) sin <l>; 

Z = C^ri. 

The variables 

( = cosh u; 71 = cos 0 < w < oo; 0 < < r 

are often used. 

This system is particularly useful in quan- 
tum mechanical two-center problems, for if 
the centers arc taken at the foci of the system, 
the foeal radii to a point where the surfaces 
of revolution intersect satisfy the relations 

ri + r 2 = 2cf 

ri — r 2 = 2cij. 
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Promethium — Proportion 


PROMETHIUM. Radioactive element. 
Symbol Pm. Atomic number 61. 

PROMPT CRITICAL. Capable of sustaining 
a chain reaction without the aid of delayed 

neutrons. 

PROMPT NEUTRONS. Those neutrons re- 
leased coincident with the fission process, as 
opposed to the neutrons subsequently released. 

PROPAGATION CONSTANT. A transmis- 
sion characteristic of a line or medium, which 
indicates the effect of the line on the wave 
being transmitted along the line. It is a com- 
})lex quantity having a real term, the attenua- 
tion constant, and an imaginaiy term, the 
wavelengtli or phase constant. The attenua- 
tion constant is a measure of tlie loss in sig- 
nal strength as the wave fravcK along a 
matclu^d line wliile the wa^ehuigtli constant is 
a measure of tlie ]:)haNe ^liifl \\liich it under- 
goes. These relations may be expressed by 
the following ecpiations: 

r = a + jU, Kr - 

Phase displaeonnmt = Bl 

where r is thi‘ jiropagation eonstant, a the at- 
timiiation coiislanl, B the wavelength con- 
stant, i tlie line length, JT, tlie received volt- 
age', Es 1h(‘ sending end voltage and 1 tlie cor- 
responding eurn'iils Ih'eauso of the attenua- 
tion on liiK'.s Used for coinmunieat ion pur- 
poses it is necessary to insert amplifiers or rc- 
])eaters at intervals to build the signal back 
to suitable lev(*ls For sound work the phase 
shift is usually not important hut for tele- 
vision and piieture transmission it is i‘xtremcly 
important and necessitates eorreeting eircuits. 

PROPAGATION, DIRECTION OF. At any 

point in a homogi'iieous, isotroihc riK'dium, the 
direction of time-average energy flow. 

PROPAGATION FACTOR. See propaga- 
tion ratio. 

PROPAGATION RATIO. For a wave prop- 
agating from one pioint to another, the ratio 
of the complex electric field strength at the 
second point to that at the first point. 

PROPAGATION, STANDARD. The prop- 
agation of radio waves over a smooth spheri- 


cal earth of uniform dielectric constant and 
conductivity, under conditions of standard re- 
fraction in the atmosphere. 

PROPER LENGTH. The length of a body 
relative to an observer to whom the total 
momentum of the body is zero. For a body 
whose parts are not in relative motion, the 
ob'^erver is then at rest relative to the body as 
a whole. 

PROPER LORENTZ TRANSFORMATION. 
A Lorentz transformation which may be rep- 
res(‘nted by an orthogonal operator with de- 
terminant -(-1. This then excludes transfor- 
mations whii'h rewrsc the sense of an odd 
number of the axes r, ?y, z, / 

PROPER TIME. Time coordinate of a sys- 
t(‘m iq the I.orentz frame ui which the total 
momentum of the system is zero. For a par- 
ticle, tliis becomes the Lorentz frame in which 
the particle is at rest. 

PROPER VOLUME. The volume of a body 
relative to an observer to whom the total mo- 
mentum of the body is zero. 

PROPERTY. That which is innrrently char- 
acteristic of a substance and naturally essen- 
tial to it. 

PROPERTY, ADDITIVE. A proiiorty of a 
system that is ecjual to tlie sum of the values 
of That propoii:y for the eonsfituents of the 
system. 

PROPERTY, COLLIGATIVE. A property 
that (le])ends for the most part on the number 
of molecules mvolvi'd and not on their nature. 

PROPERTY, CONSTITUTIVE. A property 
that depends for the most part on the ar- 
rangement of the atoms in tlie molecule and, 
to a lesser degree, on their numbt'r and nature. 

PROPERTY, EXTENSIVE. A projierty of a 
system that varies in its value with the quan- 
tity of material contained in the system. 

PROPERTY, INTENSIVE. A property of a 
system that is independent of the quantity of 
material contained in the system. 

PROPERTY, POLAR. A property of a sys- 
tem relating to a partial separation of electric 
charges of 0 ])posile sign. 

PROPORTION. A statement of lequality be- 
tween two ratios. It may be written in the 


Proportion of Polarization — Pseudo-adiabatic Process 
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fonn a:b = c:d OT a/b — c/d. In a propor- 
tion a:b = c:d, the first and fourth numbers, 
a and d, are the extremes and the second and 
third ones, b and r, arc the means of the pro- 
portion. The following relations, all of which 
follow from a/b - c/d, are sometimes useful. 

(1) b/a = d/c; 

(2) a/c = 6/d; 

(3) (a db h)/b - (c zb d)/d; 

(4) a/ia - 6) = c/(c - d); 

(5) {a =b 6)/(a 6) = (c ± d)/{c T d). 

PROPORTION OF POLARIZATION. Light 
i.s only padially polarized when it is passed 
through a ])ile of plates. The proportion of 
polarization is given by: 



Ip + Is 


where Ip is the intensity of the light vibrating 
parallel to the plane of incidence and is the 
intensity of the light vibrating perpendicular 
to the plane of incidence. For a single surface 
the proportion of polarization is only about 
8.1%. For m jdates (2m surfaces) of refrac- 
tive index n, 



PROPORTIONAL COUNTER. A radiation 
counter designed to operate in the propor- 
tional region. 

PROPORTIONAL LIMIT. Tlie maximum 
unit stress which can be obtained in a struc- 
tural material without causing a change in 
the ratio of tlie unit stress to the unit de- 
formation is called the proportional limit. 

PROPORTIONAL REGION. In radiation 
counter usage, the range of applied voltage in 
whieh the gas ani])lirication exceeds 1 and is 
ind('pendent of the eharge liberat(‘d by the 
initial ionizing event. This region depends on 
the type and energy of the radiation, and is 
distinct from the Geiger region. 

PROTACTINIUM. Radioactive element. 
Symbol Pa. Atomic number 91. 

PROTIUM. The name sometimes given to 
the lighter isotope of hydrogen, which con- 


sists of a single proton and electron, has an 
atomic number of 1 and a mass number of 1, 
and constitutes about 99 98% of ordinary hy- 
drogen. 

PROTON. (1) A positively charged elemen- 
tary particle of mass number 1 and charge 
equal in magnitude to the electronic charge 
e. It is one of tlu‘ coii'^tituents of every nu- 
cleus; the number of i)rotons in the nucleus 
of each atom of an element is given by the 
atomic number Z of the element. Other 
properties of the proton are: rest mass, 
1.67X10 gin, or 1.0075 amu; magnetic 
moment, 2.70215 nuclear magnetons, or 
1 52 X lO'*'* dyne ein gauss spin (piantiiin 
number, ; described by Fenui-Dirac statis- 
tics. (2) The nucleus of an atom of hydro- 
gen of mass number 1. (3) The negative pro- 

ton is disenssed under anti-proton. 

PROTON-PROTON CHAIN. A series of 
thermonuclear reactions initiated by a reac- 
tion between two i>rotons, namely IP + 

+ that provides tlu' laiergy of 

.-some stars. Tlje sub^a'quent naictio^^s aie 
])resumed to be IP -|- hP-^Tle*"^ + v, followed 
by He» -f- He-^-^TIe^ + IP f Hb The net 
lesult is the same as in the carbon cycle, 
namely, th^? synthesis of four hydrogen atoms 
into one helium atom, with the liberation of 
the mass difference as energy. It is thought 
tliat the proton-proton cycle is more impor- 
tant than the carbon cycle in tlu' cooler stars, 
and that the reverse is true in the hotter st;irs. 
lioth cycles are believed to be important in 
the sun. 

PROXIMITY EFFECT. The change in cur- 
rent distrilnition (with the related changes in 
resistance and capacitance) in a conductor 
due to the field produced by an adjacent con- 
ductor. 

PROXIMITY FUSE. Essentially a miniature 
radar transmitter-rereiver, used in artillery 
shells, bombs, and rockets, which trips the 
firing mechanism when the armed device ap- 
proaches within a predetennined distance of 
an object, 

PSEUDO-ADIABATIC PROCESS. The 

process in which saturated air is rising in tlie 
atmosphere and is losing its water vapor by 
condensation and precipitation. 
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Pseudo-crystals or Crystallites — Pulling Figure 


PSEUDO-CRYSTALS OR CRYSTALLITES. 

In many organic fibers, the structure consists 
of a number of small units, about 500 A long 
and 50 A in diameter (cellulose) arranged so 
that they all lie more or Ic'-s parallel to the 
fiber axis. Each such crystallite consists of a 
nearly regular array of long chain polymers. 

PSEUDOSCALAR. A scalar quantity which 
changes its sign when the coordinate system, 
to which the quantity is referred, is changed 
from a right-handed to a left-handed one, or 
vice versa. An examiile is the scalar product 
of a ])olar vector and a pscudovector. 

PSEUDOSCALAR COUPLING. Type of 
interaction energy postulated between a 
TT-meson and a nucleon which consists of the 
])ro(luct of the pseudoscalar field of the 
TT-mc'-on and a bilinear pseudo-scalar func- 
tion of the nucleon \vav(*- functions. 

PSEUDOSCALAR FIELD. A function of 
Ixi^Nitioii and time which is unchanged by a 
proper Lorent/ transformation, but wlii(‘h 
changes sign under an improper Ijoreiit/. trans- 
formation. 

PSEUDOSCALAR PARTICLE. A f)arii(le, 
Mich as a TT-nu'son, which may he described 
by a pseudoscalar field. 

PSEUDOVECTOR, The vector product of 

two vectors does not completely satisfy t!ie 
ionnal rc(Jlllrement‘^ of a vector for it changes 
sign if the coordinate system is clianged from 
a right-handed to a left-handed one, or vice 
versa. It is a typical example of a pseiido- 
veetor (also called an axial vector). Thus 
the v^ector for an element of area, repri'sented 
Ijy tlie v'cetor product r/S = dx X dy, is not 
determined wnth respect to direction unless an 
arbitrary convention is established for t»he 
positive side of the surface element. The 
three components of a pscudovector are ac- 
tually the components of a thn'c-dimensional 
antisymmetric tensor of second rank. Phys- 
ical quantities which arc pseiidovectors in- 
clude angular momentum (vector ]iroduct of 
momentum and radius vector) ; moment of 
a force (vector product of force and distafice) ; 
linear velocity (vector product of angular 
velocity and radius vector). 

PSEUDOVECTOR COUPLING. Type of 
interaction energy postulated between a nu- 
cleon and other particles in which a bilinear 


pseudovector function of the nucleon wave- 
functions appears. 

PSEUDO VECTOR FIELD. Four functions 
of position and time w’hich transform like a 
vector under proper Lorentz transformations 
but wdiieh transform like a vector, together 
with a change of sign, under improper Lorentz 
transformations. 

PSI. *(1) Function of (i//). (2) Time-depend- 
ent wave function t^). |3) Total electric 

flux (^). (4) Planck function (^). (5) Dis- 
placement flux (^). (G) Azimutli angle or 

I>rinciple azimuth angle in optics (i//). 

PSI FUNCTION. (1) The name given by 
(iibhs to the function xp - U - - TS, wdiere U 
is the internal energy, T, the absolute tem- 
perature, S, the entropy and ip the jisi func- 
tion, wdiich i^ di'^cuss(‘d in this book under 
free energy (2). It is also known as ilic Helm- 
holtz free energy, and is perhaps best knowm 
today as the work function. (2) A thermo- 
dynamic function, also known as tlie Massieu 
function, and defined by tlie equation 

U 


where S, U and T have the meanings given 
in (1) above. This is a less common usage 
than (1). 

PSYCHROMETER. A combination of wet- 
and (Iry-hulh thermometers. A conventional 
sling psyrhroineter consists of two thermom- 
eters mounted paralli‘1, with the wTt bulb 
slightly low’cr than thi^ drv. This instrument 
is whirled at approximatelv 3 m p('r sec for 
3 or more minutes until the wTt-hulh reading 
reaeh<‘s a Nti'ady reading. The difference be- 
tween dry- and wTt-bulb reading is known 
as the wTt-biilb depression and is correlated 
to other huiniclity ciit(‘ria in tabular or graph 
form for instant ii^-e 

PUBLIC ADDRESS SYSTEM. A sound re- 
jiroduoing apparatus for use in addressing 
large assemblages. 

PULFRICH REFRACTOMETER. See re- 
fractometer, Pulfrich. 

PULLING FIGURE. An indication of oscil- 
lator stability wdnch is ec^ual to the maximum 
change in frequency encountered when the 
load is changed so as to vary the voltage 
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standing-wave ratio of 1.5 through all phase 
angles. 

PULSATANCE. See discussion of alternat- 
ing current. 

PULSE. (1) A variation of a quantity whose 
value is normally constant; this variation is 
characterized by a rise and decay, and has a 
finite duration. (2) A waxeform whose, dura- 
tion is sliort compared to the time-scale of 
interest, and whose initial and final valu(‘s are 
the same. The word “piilse’^ normally ref^^rs 
to a variation in time; when the variation is 
in some other dimension, it shall be so sf)eci- 
fied, such as '^spacc pulse. This definition 
is broad so that it covers almost any transient 
phenomenon. The only features common to 
all pulses are rise, finite duration, ambdecay. 
It is necessary that the rise, duration, and 
decay be of a quantity that is constant (not 
necessarily zero) for some time }>ofore the 
pulse and has the same constant value tor 
some time afterwards. The (piantity has a 
normally constant value and is perturbed dur- 
ing the pulse. No relative time scale can be 
assigned. 

PULSE AMPLIFIER. An amplifier, designed 
specifically to amplify the intermittent sig- 
nals of a nuclear detector, incorporating ap- 
propriate pulse-shaping characteristics. 

PULSE AMPLITUDE. A general ti^m in- 
dicating the magnitude of a pulse. For spe- 
cific designation, adjectives such as average, 
instantaneous, peak, rins (effective), etc., 
should be used to indicate the particular 
meaning intended. Pulse amplitude is meas- 
ured with res])eet to the normally constant 
value, unless olherwi'^e slated. 

PULSE AMPLITUDE, AVERAGE. The 
average of the instantaneous amplitude taken 
over the pulse duration. 

PULSE AMPLITUDE, AVERAGE ABSO- 
LUTE. The average of the absolute value of 
the instantaneous am])litudc taken over the 
pulse duration. By ‘^absolute value’* is meant 
the arithmetic value, regardless of algebraic 
sign. 

PULSE-AMPLITUDF MODULATION OR 
PAM. See modulation, pulse-amplitude or 
pam. 


PULSE AMPLITUDE, PEAK. The maxi- 
mum absolute peak value of the pulse, exclud- 
ing those portions considered to be unwanted, 
such as spikes. Where such exclusions are 
made, it is desirable that tlie amplitude chosen 
be illustrated pictorially. 

PULSE AMPLITUDE, RMS (EFFECTIVE). 

The square root of the average of the square 
of the instantaneous amplitude, taken over 

the pulse duration. 

PULSE BANDWIDTH. The smallest con- 
tinuous frequency interval outside of which 
the amplitude of the s]icetrum does not ex- 
ceed a prescribed fraction of the amplitude 
at a specified freipiency. Caution — This defi- 
nition ])ermits the spectrum amplitude to be 
less than tlu* prescribeii amplitude within the 
intcr\al. Unless otlierwdsc slated, the speci- 
fied frequency is that at which the speetrum 
has its maximum amjilitudc. This term 
should be ^‘Pulse Spectrum Bandwidth” be- 
cause it is the spcctnim and not the pube 
itself that has a bandwidth. However, usage 
has caused the contraction. 

PULSE(S), BIDIRECTIONAL. Pulsed, some 
of which rise in one direction and the re- 
mairKhu’ in th(‘ othiT direction 

PULSE(S), BLANKING. In cathode ray 
tubes sharp in voltage that bias (he view- 
ing tube control grid beyond cut-off This 
action, when projierly corri'lated with llie 
briirhlnf'ss control, jircvents the election beam 
retraces from appearing on the viewing screim. 

PULSE CARRIER. A carrier consisting of 
a series of pulses. Usually, pulse caiTiers arc 
em])loyetl as subcarriers. 

PULSE CARRIER, CREST FACTOR OF. 

The ratio of tlu' ]>eak pulse amplitude (sec 
pulse amplitude, peak) to the root-mean- 
sc|uare amplitude. (See pulse amplitude, 
rms.) 

PULSE, CARRIER FREQUENCY. A car- 
rier, amplit ude-modulated (see modulation, 
amplitude) by a pulse. The amplitude of 
the modulated carrier is zero before and after 
the jiulsc. Coherence of the carrier (with it- 
self) is not implied. 

PULSE CODE. (1) A pulse train modulated 
so as to represent information. (2) Loosely, 
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a code consisting of pulses, such as Morse 
code, Baudot code, binary code. 

PULSE-CODE MODULATION (PCM). See 
modulation, pulse-code (PCM). 

PULSE DECAY TIME. The interval be- 
tween the instants at which the instantaneous 
amplitude last reaches specified upper and 
lower limits, namely, 90 per cent and 10 per 
cent of the peak-pulse amplitude (sec pulse 
amplitude, peak) unless otherwise stated. 

PULSE DELAY, RECEIVER. See trans- 
ducer pulse delay. 

PULSE DELAY, TRANSDUCER. See trans- 
duccr pulse delay. 

PULSE DROOP. A distortion of an other- 
wise essentially flat-topped rectangular pulse, 
characterized by a decline of the pulse top. 

PULSE, DUNKING. Colloquialism for the 
recycling pulse employed in some amplitude 
selection circuits. 

PULSE DURATION. (1) The time interval 
between the first and last instants at which 
the instantaneous amiilitude n'aches a stated 
fraction of the peak pulse amplitude. (See 
pulse amplitude, peak.) (2) The duration 
of a rectangular i)uls(' who^e energy and jieak 
jiowcr equal those of the pulse in cpiestion. 
Wljcn determining the p('ak power, any 
transients of relatively short duration are fre- 
((uently ignored. 

PULSE-DURATION MODULATION OR 
PDM. Sec modulation, pulse-duration or 
PDM. 

PULSE DUTY EACTOR. The ratio of the 
average pulse duration to the average pulse 
spacing. This is equivalent to the product of 
the average pulse duration and the pulse 
repetition rate. 

PULSE(S), EQUALIZING. Pulses at twice 
the line frequency, occurring just before and 
just after the vertical synchronizing pulses 
in television transmission. The equalizing 
pulses minimize the effect of line-frequency 
pulses on the interlace. 

PULSE-FREQUENCY MODULATION. See 
modulation, pulse-frequency. 

PULSE FREQUENCY SPECTRUM. See 
pulse spectrum. 


PULSE, FRUIT. A pulse reply received as 
the result of interrogation of a transponder 
by interrogators not associated with the re- 
sponsor in question. 

PULSE GENERATOR. Many electronic de- 
vices or circuits utilize sharp pulses of current 
or voltage as a basic part of their operation. 
Such pulses must frequently be of very short 
time / 111 ration (microseconds) and accurately 
spaced in time. Others need not be repeated 
at regular time intervals but are initiated by 
some signal and are single narrow pulses each 
time a signal is received. The various types 
of circuits for generating these are tenned 
pulse generators. As a simple illustration we 
might examine a basic pulse generating circuit 
as sliown in the figure. The wave patterns 



above the eircuit diagram represent the wave 
form at the respective points in the circuit. 
A ‘^ine wave is aiijilied to (he grid of the first 
tube, which is biased so it clips the wave to 
the form shown applied to the second tube. 
This in turn clips the rounded top and gives 
the square wave shown at its output circuit. 
By passing this through a condenser-resistor 
circuit a senes of triangular pulses is obtained. 
These puls(‘s ai’o applied through a grid re- 
sistor to the grid of a tube as shown. This 
tube levels them to produce a scries of very 
nairow puKcs ^J)aced at the same interv'als as 
(he cycles of (h(‘ original sine wave. The par- 
ticular shapes shown in the diagrams are ob- 
tained by the proper choice of grid bias and 
condenser-resistor values in the coupling cir- 
cuits. WIk'ii th(‘ condenser has a low reac- 
tance comjiared to the resistance in series, 
the wave is passed without appreciable change 
of shcij)C but, when the relative values are 
reversed, the wave fonn is materially changed 
as shown in the grid circuit of the final tube. 
While the circuit shown is relatively simple, 
it does illustrate some of the possibilities of 
shaping circuits. 

PULSE HEIGHT ANALYZER. A device 
which records or counts a pulse only if the 
amplitude of the pulse falls within specified 
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limits (single channel) or within specified sets 
of limits (multi-channel). It thus yields the 
pulse height spc^ctrum of a group of pulses. 
In many applications this gives the energy 
spectrum of nuclear radiations. 

PULSE HEIGHT DISCRIMINATOR. A 

circuit designed to select and pass voltage 
pulses of a certain minimum amplitude. 

PULSE HEIGHT DISCRIMINATOR,* DIF- 
FERENTIAL. A pulse height selector. 

PULSE HEIGHT SELECTOR. A circuit de- 
signed to select and pass voltage pulses in a 
certain range of amplitudes. 

PULSE INTERLEAVING. A process in 
which pulses from two or more sources arc 
combined in time-division multiplex for* trans- 
mission over a common jiath. 

PULSE INTERROGATION. The triggering 
of a transponder hy a pulse or pulse mode. 

PULSE INTERVAL. See pulse spacing. 

PULSE-INTERVAL MODULATION. A 
form of pulse-time modulation in which the 
pulse spacing is varied. 

PULSE LEADING EDGE. The major por- 
tion of the rise of a pulse. 

PULSE JITTER. A relatively small varia- 
tion of the pulse sparing in a pulse train. 
The jitter may he random or systematic, de- 
pending on its origin, and is generally not 
coherent witli any ymlse modulation imposed. 

PULSE-LENGTH MODULATION. Sec 
pulse-duration modulation. 

PULSE MODE. (1) A finite sequence of 
pulses in a i)rearranged pattern, used for 
selecting and isolating a communication chan- 
nel. (2) The j)rcarranged pattern. 

PULSE-MODE MULTIPLEX. A process or 
device for selecting channels by means of 
pulse modes. This process permits two or 
more channels to use the same carrier fre- 
quency. 

PULSE MODE, SPURIOUS. An unwanted 
pulse mode, formed by the chance combina- 
tion of two or more p^l8e modes, which is in- 
distinguishable from a pulse interrogation or 
pulse reply. 


PULSE MODULATION. See moduladon, 
pulse. 

PULSE MODULATOR. See modulator, 
pulse. 

PULSE PHASE MODULATION (PPM). 
See modulation, pulse position. 

PULSE-POSITION MODULATION OR 
PPM. S(*e modulation, pulse-position. 

PULSE POWER, CARRIER-FREQUENCY, 
PEAK. Sec peak pulse power, carrier-fre- 
quency. 

PULSE POWER, PEAK. See peak pulse 
power. 

PULSE, RADIO-FREQUENCY. A radio- 
fn'cjueiicy carrier, amplitude-modulated by a 
pulse. The amplitude of the modulated car- 
rier is zero before and after the pulse. Co- 
hen'iice of Uu‘ carrier (with itself) is not im- 
j)lied. 

PULSE REGENERATION. The process of 
restoring pulses to tluar original relative 
timings, forms, and/or magnitudes Tn many 
devices, pulses may become distort(*d^due to 
phase or amplitude distortion, limiting, or 
other proc(‘sRes. It is often desirable to re- 
store the pulse to som(‘thing res('mbling its 
original form before it has become so dis- 
torted that the original information which it 
contains is completely destroyed. This jiroc- 
ess is normally called ])ulse regeneration. 

PULSE REPEATER (TRANSPONDER). A 

device u^('(l for receiving pulses from one cir- 
cuit and transmitting corresponding pulses 
into anotlier circuit. It may also eliange tlic 
fre'queney aiul wavefonns of the pulses, and 
perfonn other functions. 

PULSE REPETITION FREQUENCY. The 
pulse repetition rate of a iicriodie pulse train. 

PULSE REPETITION PERIOD. The recip- 
rocal of the pulse repetition frequency. 

PULSE REPETITION RATE. The average 
number of pulses per unit of time. 

PULSE REPLY. The transmission of a pulse 
or pulse mode by a transponder as the result 
of an interrogation. 

PUI..SE RISE TIME. The interval between 
the instants at which the instantaneous am- 
plitude first roaches specified lower and upper 
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limits, namely, 10 per cent and 90 per cent 
of the peak-pulse amj^litude (sec pulse am- 
plitude, peak), unless otherwise stated. 

PULSE SEPARATION. The interval be- 
tween the trailing-edge pulse-time of one 
pulse and the leading-edge pulse-time of ilie 
succeeding pulse. 

PULSE, SERRATED. In television the ver- 
tical synchronizing signal, which is divided 
into six efiual pulses which are preceded and 
succ(‘cded by six equalizing pulses. (See 
television, s>'nchronizing signal.) 

PULSE SHAPER. A transducer usi‘d for 
changing one or more characteristics of a 
pulse. This term includes pulse regenerators. 

PULSE SHAPING. Intentionally changing 
the shape of a pulse. 

PULSE SPACING (PULSE INTERVAL). 

The inter\al heluetm ilie corre&i)onding pulse 
times of two consecutive pulses. Tl\e term 
“pulse inteiTal” is dejirecated because it may 
he taken to na'an th(' duration of the pulse 
instead of tlu* s]iace or interval from one puKe 
to the iK‘\l. Neitlier t(‘i’m means the space 
l)et\Neen jniKi's 

PULSE SPECTRUM (PULSE FREQUENCY 
SPECTRUM). The freqiuaicy distribution of 
the sinusoidal com])onents of the pulse in nda- 
tivo amiilitudc and in relative pliase. The 
definition of this term is phrased to convey 
the idea that the spectrum is a complex 
(phasor) function of frcciucncy, and to ex- 
press this function most neaily in a manner 
\shich corresjionds to the method of measur- 
ing it (i.c., measuring amplitude and phase 
separately). 

PULSE SPIKE. An unwanted pulse of rela- 
tively short duration siqierirnposed on the 
main pulse. This term came into wide use 
in radar to define the first ])art of the pulse 
fed through a TR tube. This jiortion con- 
tains most of the pulse energy, lia^’ a duration 
about 10 ® that of the rest of the pulse, and 
an amplitude up to 10® to 10® timns that of the 
rest of the pulse. Soon on a cathode- ray tube, 
it looks like a spike sticking up from the pulse. 
By extension, the term has come to be ap- 
plied to any unw^anted pulse of relatively 
short duration, superimposed on the wxanted 
pulse. 


PULSE SPIKE AMPLITUDE. The peak 
pulse amplitude of the pulse spike. 

PULSE STRETCHER. A device for increas- 
ing the duration of a pulse wdth little or no 
change in its other characteristics, 

PULSE TILT. A distortion in an otherwise 
essentially flal-toi^ped red angular pulse, char- 
acterized by cither a decline or a rise of the 

pulse.top. 

PULSE TIME, LEADING-EDGE. The time 
at w'hich the instantaneous amplitude first 
reaches a stated fraction of the peak ])ulse 
amplitude. (See pulse amplitude, peak.) 

PULSE TIME, MEAN. The arithmetic mean 
of the leading edge pulse time and the trail- 
ing edge pulse time. For .some pur|)oses the 
import^uice of a pulse is th.at it exists (or is 
large enough) at a padicular instant of time. 
For such applicatiotis the important quantity 
is the mean pnlse time. The leading edge 
y)uKc time and trailing cdg(‘ pulse time are 
significant primarily in that they may allow a 
certain tolerance in timing. 

PULSE-TIME MODULATION. Modulation 

in which the time of occnrrence of some char- 
ad eristic of a pulse carrier is varied from the 
unmodnlated value Thi^ is a gcmeral term 
winch iiiclud(‘s se\(*ral forms of modulation, 
such as pulse-duration, pulse-position, pulse- 
interval modulation. 

PULSE TIME, TRAILINC-EDCE. The time 
at which the instantaneous am]>litude last 
1 caches a slated fraction of the peak pulse 
amplitude. (See pulsc-amplitudc, peak.) 

PULSE TRAIN. A sequence of pulses. 

PUI.se TRAIN, BIDIRECTIONAL. A pulse 
train, some pulses of wdiicli rise in one direc- 
tion and tlic rc'Tuainder in the other direction. 

PULSE TRAIN, PERIODIC. A pulse train 

made up of identical groiqis of pulses, the 
groiqis repeating at regular intervals. 

PULSE-TRAIN SPECTRUM (PULSE-TRAIN 
FREQUExNCY-SPECTRUM). The frequency 
distrihution of the sinusoidal components of 
the pulse-train in amplitude and in phase 
angle. 

PULSE TRAIN, UNIDIRECTIONAL. A 
pulse train in w^hich all pulses rise in the same 
direction. A unidirectional pulse. 
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PULSE TRANSMITTER. See transmitter, 
pulse. 

PULSE, UNIDIRECTIONAL. A pulse in 
which pertinent fleparturcs from the normally 
constant value occur in one direction only. 
This is somclimos called ^'single-polarity'' 
pulse, a t(*rm which is deprecated. 

PULSE VALLEY. The part of the pulse be- 
tween two specified maxima. Unless other- 
wise specified, it is to be understood that the 
maxima are the first and the last. 

PULSE WIDTH. A dei)recated usage. (See 

pulse duration.) 

PULSE- WIDTH MODULATION. See pulse- 
duration modulation. 

PULSED OSCILLATOR. See oscillator, 
pulsed. 

PULSED-OSCILLATOR STARTING TIME. 

The inten^al between the leading-edge pulse- 
time of the pulse at the oscillator control 
terminals, and the leading-edge pulse-time of 
the related output pulse. 

PULSERS IN MICROWAVES. The gener- 
ator of an esbcntially-rcctangular current 
jmlse to power a puhed microwave oscillator. 
They are of two \arieti('s, the first of which 
IS the vacuum-tube fliard-tulie) pidser whicli 
discharges a capacitor through the load. The 
second is the line-type i)ulser which charges 
an o[)cn -ended transmission line tlirough a 
high impedance, and discharges it through 
the load. 

PULSING METHOD OF MEASURING 
VELOCITIES IN LIQUIDS. The velocity 
and attenuation for longitudinal waves in li- 
quids is measured by traTKsrnili ing short acous- 
tic pulses through the litpiid Tlie lime of 
transmission can be comi)ared with that for 
a radio signal to cover the same distance. 

PUMP, OIL-VAPOR. A diffusion pump 

w^hich uses a low vapor-pressure oil as its 
working fluid. 

PUMP, SELF-FRACTIONATING. An oil 
diffusion pump wdiich incorporates a fraction- 
ating device which provides for the segrega- 
tion of the more voldile constituents of the 
oil into regi'^’is w^here they wdll do no harm, 
and also i&ola"ss the non-volatile tarry resi- 


dues fonned by chemical association of the 
products of cracking with the original oil 
molecules or with one another. 

PUMP, VACUUM, BACKING. A pump de- 
signed to produce a rough forc-vacuum (of 
the order of a fraction of an atmosphere) into 
wdiich a high-vacuum pump can w^ork. 

PUMP, VACUUM FORE. A backing vacuum 
pump which maintains a low^ enough pressure 
so that a diffusion pump can op(*rate into it. 
Modern fore]minps produce pressure down to 
about 0.001 inni of mercury. 

PUMP, VACUUM, GAEDE ROTARY OIL. 

A pump consisting of a steel cylinder, tra- 
versed by a diametral slot, rotating about its 
axis, which is set eecentrically in a cylindrical 
steel casing so that the cylinder is in contact 
with the casing along tlic top. Two vanes, 
W'orking in the slot., arc pu>hed apart by a 
SlU’iiig, and slide against the casing as the 
cylinder rotates. Inlet and outlet i)orts arc 
])rovide(l, one on either side of the liiK* of 
contact of cylinder and casing Tlic whole 
luechanisTU is imincu’sed in an oil bath th(‘ 

oiicning of the outlet pail belov the surface 
of the ml As tlu' cyhnrh r rotate^ ga'^ 
sucked in from the inlet poi't and swi'pt along 
and rejected into the outlet The oil 

serves as a lubricant and to seal dead spaces. 

PUMP, VACUUM, MOLECULAR. A pump 
consisting ot a drum wdiicli rotates at high 
spied wdthin a cylindrical casing, arranged 
so that the clearance between them around 
])art of the circumference is exceedingly small. 
The rotation of tlie drum imiiarts to the mole- 
cules colliding with it a drift in the direction 
of rotation, thus tlic equilibrium pressures at 
the ends of the tighter-fitting section of the 
casing arc different. 

PUMP, VACUUM, PUMPING SPEED OF. 

The volume of gas extracted by a pump in 
unit time, measured at the moan pressure pre- 
vailing in the vacuum vessel during that time. 

PUMP, VACUUM, TAEPLER MERCURY. 

A inimp whose operation depends on first pro- 
ducing a Torricellian vacuum above a column 
of mercury, allowing this to communicate with 
the vessel to be evacuated, and finally sweep- 
ing the gas away with mercury, this cycle of 
operations being repeated again and again. 
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PUMP, VACUUM, WATER-JET (ASPIRA- 
TOR). A pump consisting of an enclosed 
nozzle through which a jet of water flows. 
The jot entrains air molecules in the enclos- 
ing chamber, thus reducing the pressure in the 
chamber. 

PUPIN COIL. Another name for a loading 
coil. 

PURE TONE. S(‘e tone, simple. 

PURITY (COLOR). See purity (excitation 
purity ) . 

PURITY (EXCITATION PURITY). The 

ratio of the distance from the refenaice point 
to tlie point representing the sample, to Ihc 
distance along the same straight line from the 
reference point to the spectrum locus or to 
the purple boundary, both distances being 
measured (in the same direction from the 
reference point) on the (TE chromaticity dia- 
gram. The referenc(* point i-^ the point m the 
chroinaticil V diagram which represents the 
r(‘f(T(‘nce standard light mentioned in the 
d(*fjTiition of dominant w^avclength, 

PURITY, COLORIMETRIC. Tin ratio of 
the luminance of a speel rally-homogeneous 
eompoP('nt to ilie himinanc(» of the white 
(achromatic) light with which it must ho 
mixed, in order to match the chromaticity 
of a sample of light. 

PURITY, SPECTRAL. As applied to radiant 
encigy, the projierty of ha\ing a single w'ave- 
l(*ngth 

PURKINJE EFFECT. With a good level of 
illumination, the spectral sensiii\ity of the 
normal (we is greatest in tlu' yellow-green 
region. As tlie illumination is laulnced, the 
maximum sensiti\ily shifts tow^ard the blue. 
This shift is called tlu' Purkinie effect. 

PURPLE BOUNDARY. The straight lino 
drawn betw'een the ends of the s]iectrum locus. 
(See figure in definition of chromaticity dia- 
gram.) 

PUSHBUTTON TUNING. A semi-automatic 
method of tuning a radio receiver to any one 
of several preselected stations. The usual 
types may be divided into twm classes, me- 
chanical and electrical. The first is simply a 
mechanical linkage between the pushbutton 
on the panel and the tuning condenser or coil 
in the set. To set this type the linkage is ad- 


justed to vary th(‘ tuning just the right amount 
to set the receiver to the desired station. In 
the more refined (‘lectrical system each button 
switches in a fixed tuning unit which has been 
pro-set to the desired frequency. Since these 
frecpiencies can he very accurately set and 
require no mechanical linkages, th(' results 
are more satisfactory than Ihe mechanical 
lyjjo. In either type, how^ever, the various 
butt Oils and associated circuits or mechanisms 
are pre-adj listed for various commonly desired 
stations and then by pushing tlie proper 
button Ihe station is tuned in. 

"PUSH-PULL" ENERGIZATION. A term 
used in electronics to describe a syininctrical 
excitation sup])hed to a network having mirror 
symmetiy about a neutral, or grounded, point. 
High-yower audio amplifiers are often ar- 
ranged in a symmetrical pusli-pull arrange- 
ment, with two tub(‘s “(liking” a cimter- 
tappod IransfornuT primary. The symmetry 
produce's cancellation of evi‘ii-order harmon- 
ics, primarily th(‘ second harmonic. (See also 
amplifier, balanced.) 

PUSH-PULL MICROPHONE. A microphone 

coii'-isling of tw'o identical elements coupled 
to either ^ide of the same diaphragm and elec- 
trically connected 180° out of phase. The 
double-billion carbon microphone is an ex- 
ample. 

PUSH-PULL OSCILLATOR. See oscillator, 
push-pull, 

PUSH-PUSH CIRCUIT. A circuit employ- 
ing two similar tubes with grids connected in 
])hase opjiosition and plat(\s in parallel to a 
common load, and u^ially usud as a frequency 
multiplier to onqihasize even-order harmonics. 

PUSH-PUSH CURRENTS, (iirnmts flowing 
in the two coiidmior^ of a balanced line 
which, at ev(‘rv point along the line, are equal 
in magnihide and in the same direction. 

PUSH-PUSH VOLTAGES. Voltages (rela- 
tive to ground) on the two conductors of a 
balanced line which, at every point along the 
line, are equal in magnitude and have the 
^ame polarity. 

PUSHING FIGURE. The difference between 
the values of oscillator frequency measured 
at specific values of direct electrode current 
frequency changes caused by thermal effects 
being excluded. A measure uf the dependence 
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of oscillator frequency upon electrode cur- 
rents. 

PYCNOMETER. A device for measuring 
densities of liquids. It is a container of ac- 
curately-known capacity that can he com- 
pletely filled with the liquid. The mass of 
liquid is then determined by w’cighing. A 
familiar design is the '‘s])(‘cific gravity bottle.^’ 

PYRAMID. A polyhedron wdth a polygon 
on one face and with triangles as the other 
faces, these meeting in a common vertex. 

PYRAMIDAL HORN. See horn, pyramidal. 

PYRANOL. Trade name for an Askarel 
(chlorinated synthetic) impregnant for paper 

capacitors. 

PYRANOMETER. An instrunK'nt nu'^suring 
radiation from sun or sky by its healing action 
upon two blackened metallic strips, as com- 
pared with the electric curnmt which produces 
tlie same heating eflVci. CVinunonly I lie two 
blackened strijis differ greatly in thickness, 
and hence t)i(‘ temiierature rise on exjiosuri' lo 
radiation is less in the thick strip than in the 
thin one. 

PYRGEOMETER. An instrument measuring 
radiation from the (‘.arth’s surface into space. 
II has both blackenetl and polished areas; the 
former cool mor(‘ rapidly by radiation from 
them, and tlie beating electric ('urrcuit neces- 
sary to prevent this ditfcTcaitial cooling meas- 
ures the amount of radiation. 


PYRHELIOMETER. An instrument for 
measuring the total intensity of solar radia- 
tion, both direct and scattered by the at- 
mosphere. 

PYROMETER. In earlier usage a pyrometer 
was a device for measuring high temperatures, 
but these iristiaimeiits are now used also for 
tein])cratures in the same range as thennom- 
eters, and below the thermometric range. 
Four major types of i)yromctcr are the 
thermoelectric pyrometer (thermel or tluu mo- 
coiiplej, the resistance pyrometer, the optical 
pyrometer and the (total) radiation pyrom- 
eter. 

PYROMETRIC CONES. Small cones that 
differ in the temperatures at which they soften 
on heating. They are made of clay and other 
ceramic materials and are used in the ceramic 
indiistri(‘s to show furnac(‘ temperatures with- 
in rang(‘s. lu i)rae1ice, three or four of the 
eom‘s whieh have softening j^oints at conseeu- 
(ive temperature ranges arc used, and the in- 
erease in kiln temperature is judgc’d from the 
])rogr(‘ssive deformation of the eones. 

PYROMETRY. The art of measurirfjj; high 
lem])eratures. 

PYRON DETECTOR. A form of erystal de- 
tector emiirloying iron pyrit(\s 

PYTHAGOREAN SCALE. A musical scale 
such that the frequeney inlervals are repre- 
sented by the ratios of integral powers of the 
numbers 2 and 3. 


Q. (1) A figure of merit of an energy-storing 
system equal to 

average energy stored 

energy divssipated per lialf cycle 

which is equal to ioL/R for an inductor, where 
R is the eciuivalent series r(‘sistance. For a 
capacitor, Q is l/oiCR^ again the ratio of re- 
actance to effective resistance. For a m(‘diuin, 
Q is ti'.e ratio of displacement current density 
to conduction current density. The basic 
equation may also be expanded to include 
series and parallel resonant circuits, for which 
c*ases appropriate approximate ecpiations may 
also be dovelo[K‘d (see sharpness of reso- 
nance). ( 2 ) C^uantity of heat, light, or (mergy 
ir^). (3) Electric charge (Q or (/). (4) Heat 

entering system ( 7 ). (fi) Element of area 
(Q). (ff) lOlectric quarlru]K)l(‘ moment of 
atomic nucleus i(J). (7) dliermoelecirie 

power iQ). 

Q-BRANCH. See Fortrat parabola. 

Q, DECREMENT MEASUREMENT OF. 

The measurement of the Q of resonant sys- 
t<‘ms by observing the rate of decay of energy 
sture<l. Tl)e t'qualion for Q may be (expressed 
as 

- - to) en ei gy a t t i me / 

(mergy at time /(, 

where co is the frecjiK'ncy of oscillation, and 
zero energy is added between /(> and /. 

Q DETERMINATION BY VSWR MEAS- 
UREMENT. Q is e(|ual to twice the recipro- 
cal of the percentage change in the frecjuerjcy 
applied to a resonant circuit required to change 
its power to 50^^ of that at resonance. In 
microwave systems this change in power is 
most easily determined by VSWR (voltage 
standing wave ratio) measurements. This re- 
lationship is only approximate for values of 
Q below ten. 

0-ELECTRON. An electron having an orbit 
of such dimensions that the electron coasti- 



Q 

lutes part of tlic seventh shell (or Q-shcll) of 
electrons surrounding the atomic nucleus, 
counfing out fiom the nuchuis (i.e., the K- 
shell is the first; the L-, the second; the M-, 
the third; the N-, the fourth; the (3-, the 
fifth; the P-, the ‘-ixth; and the Q-, the sev- 
enth). 

Q MEASUREMENT BY TRANSMISSION 
(BANDWIDTH) (IMPEDANCE). Q is 

equal to twice the rccioroeal of the percentage 
change in tlu‘ fi'ccjiiency apf)lied to a resonant 
circuit r('(iuirv(l to change its impedance to a 
value dilTer(‘iil (rom it^ resonant impc'dance 
by a factor of ^/2. This relationship is only 
approximate, Init is tjuite accurate for values 
of Q in excess of ten. 

Q OF A CIRCUIT, LOADED. When two 
circuits an' coupled tightly together, or one 
is ^ffoaded” by the other, the resultant Q will 
equal the reciprocal of the sum of the recip- 
rocals of the two original (J's. 

Q OF A CIRCUIT, UNLOADED OR IN- 
TRINSIC. The basic Q of the circuit by it- 
self. 

Q-NUMBER THEORY. Second quantized 
field theory in which wave functions are re- 
place<l by o])crators wfiiich in general do not 
commute. (Jsoe second quantization.) 

Q-SHELL. The seventh layer of electrons 
in motion ai)OUt the nucleus of an atom; tlie 
first, or innermost, layer being the K-shell; 
the second, the L-shcll; the tliird, tlie M- 
shell; the fouiih, tlie N-shcll; the fifth, the 
0-shell; and the sixth, the P-sh(‘ll. The Q- 
shcll is started, it is believed, with the element 
francium (atomic number = 87) and the ele- 
ments of higher atomic number have electrons 
in Q-shclls. 

Q SIGNAL. A set of three-letter symbols 
bc'ginning wuih the letter Q whieh serv'e as 
abbreviated messages as standardized by the 
International List of Abbreviations for Teleg- 
raphy. 
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Q-value — Quadric Surface 

Q-VALUE. A synonym for disintegration 
energy, nuclear. 

QUADRANT ELECTROMETER. Discussed 
under electrometer. 

QUADRATIC EQUATION IN TWO VARI- 
ABLES. Its general form is Ax^ + Bxy + 
Cy^ + Dx + Ey + E ~ 0 and its curve is a 
conic section. The nature of the curve is 
determined by invariants of the equatron, I 
and the discriminant, A. 


1— 1 

II 

it _ 

A AO-, 



2A 

B 

D 

A = 1 

B 

2C 

E 


D 

E 

2F 


The possible cases are 


I 

A 

Nature of Curve 

0 

.4a < 0 

ellipse; circle if i? = 0, A « C 


ylA > 0 

imaginary locus 


0 

a point 

>0 


hyperbola 


0 

two intersecting straight lines 

<0 


parabola 


0 

A 7^ 0; 11 - IJ^ — AAF = 0, one line; 

> 0, two parallel lines; 

11 < 0, imaginary lo( us 

A =0;,/ ^ - \CF = 0, one line; 

./ > 0, iw<j parallel lines; 

J <v 0, imaginaiy locus 


QUADRATIC FORMULA. The roots of the 
quadratic c(iuation in one variable, + bx 
-}- c = 0 are given by this formula, which is 

— bzt V^?r — Aar 

X == — 

2a 

Its discriminant, D — — Aar. If ]) > 0, 

the roots of the equation are real and un- 
equal; if D = 0, they are real and equal; if 
D < 0, both roots are imaginary. 

QUADRATRON. A high-vacuum tetrode. 

QUADRATURE. Given a differential equa- 
tion of the form Fix^y^y' - dy/dx) = 0, it is 
reduced to quad’^ature if it may be written 


y = JV(^) 

When the integral cannot be evaluated in 
terms of known functions, numerical, graphi- 
cal, or mechanical methods may be used. 
These are known as approximate or mechani- 
cal quadratures. (Ree numerical integra- 
tion.) 

QUADRIC, CENTRAL. A special case of a 
quadric surface represented by the equation 

Ax^ + Bif + = 1 ; 

thus the surface is symmetric about the co- 
ordinate origin It could be an ellipsoid or 
a hyperboloid. The other quadric surfaces: 
a paraboloid and the degenerate fpiadrics 
(see quadric surface) are non-central quad- 
rics. 

QUADRIC, CONFOCAL. A syst^^m of three 
quadric surfaces having the same foci. Sec- 
tions of these surfaces through their a\es are 
confocal conics. The qua<lrics composing the 
system are represented by the etpialion 

if 

+ ' -b - - 1 

A — 7 B — q V — q 

where A > l? > T and q is a variable param- 
eter. Wdien q is negative or lesh than C, the 
surface is an ellipsoid; if B q ^ C, a hy- 
perboloid of one sheet; if A > g > /?, a hy- 
perboloid of two sheets; if q > A, the quadric 
IS imaginary. The three surfaces are mutu- 
ally orthogonal and are used as a curvilinear 
system called ellipsoidal coordinates. If two 
of tlie constants A, 7?, C become e(]ual, quad- 
rics of r(‘voliition r(*sult; if all three arc ecpial, 
the (}uaflric is a sphere. 

QUADRIC, DEGENERATE. See quadric 
surface. 

QUADRIC SURFACE. Any of the surfaces 
represented in Cartesian coordinates by an 
algebraic equation of the second degree in 
three variables 

Ax^ + By^ + Cf + 2Fyz + 2Gxz 

+ 2Uxy -b 2Px -b 2Qy + S/Jz + D = 0. 

Special cases, determined by relations be- 
tween the constants Bj • • • are ellipsoids, 
hyperboloids, paraboloids and the degener- 
ate quadrics; conical and cylindrical sur- 
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Quadruple Point — Quantization, Second 


faces, lines, or points. (Also called a coni- 
coid.) 

QUADRUPLE POINT. The ieniperature at 
which four phases arc in equilibrium. An 
example is the case in whicli an anhydrous 
salt, a hydrate of the salt, its saturated solu- 
tion, and its water vapor are in equilibrium 
in a salt-water system. 

QUADRUPLE PRODUCT OF VECTORS. 

If A, B, C, D are any four vectors, two types 
of products are possible: 

(1) (AXR)-(CXD) 

= (A-C)(B*1)) - (A-D)(H*C); 

(2) (A X B) X (C X D) 

= (A CXD)B- (B CXI))A. 

The latter oquat ion is also conveniently written 
in the equivalent form 

[AC1)]B - [BCI)]A = [ABD]C - fABC]l), 

where the bracket signifies the scalar triple 
product. (See also vector system, recipro- 
cal.) 

QUADRUPOLE. Let a collection of electric 
or magnetic charges be distributed around a 
point; for example', the center of mass of a 
system ot atoms, moh'eules, or nuclei. The 
potential at a dl^tance r fiom this point may 
be represented hy an infinite senes of terms 
m invei*sc powers of r. The tcim m the in- 
A^erse first power i^ the Coulomb potential, 
the inverse second power tc'rm is the dipole 
potential, the inverse third pow^ei* t('rm i- the 
quadrupole potential, etc. A lyi)ical example 
is an array of four charges of equal magnitude 
so spaced that they coincide with the vertices 
of a parallelogram. Charges located on op- 
posite vertices are of the same sign; the dis- 
tance of sejiaration between charges i*- tak(‘n 
to be of the order of molecular or mhnitcsimal 
dimensions. 

QUADRUPOLE MOMENT. When the ra- 
diation field due to a set of moving electric 
or magnetic charges is expanded in a .series 
of powers of the product of the charges times 
space coordinates, the sum of the quailratic 
terms is the quadrupole moment. 

QUADRUPOLE RADIATION. Radiation 
emitted by a quadrupole. Since the selection 
rules were deduced by analogy between the 
behavior of a classical electric dipole and the 


emission of radiation by quantum transitions, 
then there are arrangements of two dipoles 
(c.g., a linear arrangement in which the posi- 
tive charges coincide and are located at the 
^'cnter of two negative charges separated by 
a distance 2x {x — distance from center), so 
~ 0) when the quadnipole moment 
not zero but varies as 1/r^, and 
therefore acts as a source of radiation. 

QUA‘NTTC. A homogeneous algebraic func- 
tion of two or more variables, in general con- 
taining only positive integral powers of the 
variables, and usually a polynomial in sev- 
eral variables. Quantics are classified into 
quadratic, cubic, quartic, quintic, etc., ac- 
cording to degree, and into binary, ternary, 
quaiornar>', etc., according to the number of 
variables imohed. (Sec also multinomial.) 

QUANTITY OF RADIATION. The time in- 
iegral of intensity of radiation; it i^ the total 
energy which has passed through unit area 
])er})endicular to the beam and is expressed 
in ergs i)er cm'-^ or watt-seconds per cm^. 

QUANTIZATION. An observable quantity 
IS caid to be quantized when its magnitude is, 
in some or all of its range, restricted to a dis- 
crete ‘^et of vahi(“<. If the magnitude of the 
(luantity is always a multiple of a definite 
unit, then that unit is called the quantum (of 
the (iiiantity). 

QUANTIZATION DISTORTION (QUAN- 
TIZATION NOISE). Inherent distortion in- 
tro(liu'('d in jiroct'ss of quantization (of signal 
levels ) . 

QUANTIZATION LEVEL. In quantization 

(of signals) a jiarticular sub-raiig(', or a sym- 
bol designating it 

QUANTIZATION NOISE. Rce quantization 
distortion. 

QUANTIZATION OF SIGNALS. A process 
in which the range of values of a w^ave is di- 
vided into a finite number of smaller sub- 
range^, each of which is repre.sented by an 
assigned or ‘‘quantized’^ value within the sub- 
range. “Quantized” may be used as an adjec- 
iive modifying various forms of modulation, 
for example, quantized pulse-amplitude mod- 
ulation. 

QUANTIZATION, SECOND. See second 
quantization. 
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QUANTIZE. To restrict the possible values 
of a variable lo a discrete number of possible 
values. 

QUANTIZED FIELD THEORY. Sec field 
theory, quantized. 

QUANTIZED PULSE MODULATION. 
Pulse modulation which involves quantiza- 
tion. This is a generic term, including jnilse- 
numbers modulation and pulse-code modula- 
tion as specific cases. 

QUANTUM. As stated under quantization, 
an observable (luantity is said to he (juan- 
tized when its magnitude is, in soine or all of 
its range, restricted to a discrete set of values. 
If the magnitude of the (luanlity is always a 
multiple of a definite unit, tln-n that unit is 
called the quantum (of the ffuantity)*. For 
example, the quantum or unit of orbital angu- 
lar momentum is /) , and the qiianium of en- 
ergy of electromagnetic radiation of frequency 
V is hi\ In field theories, a field (or tlie field 
equations) is ciuantized by ai)i)lication of a 
proper (iiiantum-inechanical [^rocwMlun' and 
this results in the exi^ience of a fundamental 
field particle, which may he called the field 
fiuantum. Thus the photon a ejuanturn of 
the electromagnetic field and in nuclear field 
theories, th(‘ meson is consider('(l to be the 
quantum of the nuclear field. 

QUANTUM EFFICIENCY, A mea.Mire of 
the efficiency of conversion or utilization of 
light or other energy, being in g(Mi( ral the 
ratio of the inmihcr of distinct cMuits jiro- 
duced in a radiation sensitized ]U()C'‘s> to the 
number of quanta absorbed (Uk' intensity- 
distribution of the radiation in frc(iuency or 
wavelength should Ik* specified ) . In the photo- 
electric and photoconductive effects, tlie 
(]uantum efficicaicy is tlie niimher of electronic 
charges rehaised for eacli photon absorbed. 
For a phototube, the (luantuin efficiency is de- 
fined as the average nuinlier of electrons pho- 
tometrically emitted from tlie photocathode 
per incident photon of a given wavelength. 
In a photoehemical reaction, the ({uantum 
efficiency is the ratio of the number of mole- 
cules transformed to the number of quanta 
of radiation absorbed. 

QUANTUM ELECTRODYNAAflCS. Quan- 
tized field theory of "he intcraedion between 
electrons, posi crons and radiation based on 
the quantized lonn of the Maxwell equations 


and the Dirac electron theory. The theory 
is characterized by its remarkably accurate 
predictions (see radiative corrections; posi- 
tronium) and its meaningless results. The 
latter arise from divergent integrals which 
appear in the development of the theory by 
perturbation techniques based on expansion 
in powe rs of tlie fine structure constant (see 
vacuum polarization; self-energy) . These 
divergences may he pictur(‘d in terms of the 
model of a vacuum as consisting of an infinite 
sea of negative energy electrons, since the 
introduction of a charge into this distribution 
causf's infinite eurrent-^ to he induced. 

In IfibS, techniques introduced by Schwin- 
ger and Feynman enable<l these difficulties to 
be a voider], without being removed. Their 
relativist ically eovariant development of the 
theory allowed such infinite terms to be 
treated unamliiguously, and in particular 
terms which arc to he understood as electro- 
dynamic contributions to the charge and mass 
of a panicle wa're ])ut m a form which is in- 
variant under Lorentz tran.sfonnations. The 
program of charge rcnonnalization and re- 
normalization of mass then enaliled such 
terms to he n'latcd to the i‘\])enmeuf ally ob- 
served e)i/irg(‘ and mass of (])e j)article. (See 
Feynman diagram.) 

QUANTUM MECHANICS (NON-RELA- 
TIVISTIC). Thc'ory of the motion of a dy- 
namical Systran valirl, as far as is knowm, ])ro- 
vided that there exists an observer for wdiom 
the momenta of the particles of the system 
are small eonq^ared w'ilh r times tlu‘ir mass. 
Tlie c|uantuin theory of tlie motion of a par- 
ticle does not depart significantly from the 
classical theory, liow^cver, unlr**-^ the frac- 
tional change in the momentum f> ovr*r a dis- 
tance of the order of thr^ de Broglie wave- 
length A = Ji/p is greater than, or of tlie or- 
der of, unity. Quantum mechanics devel- 
oped from the inadequacy of classical me- 
chanics to describe black-body radiation, the 
photoelectric effect and atomic spectra w ith- 
out the arldition of extra hypotheses postii- 
latcrl by rianek, Einstein, anti Bohr and Rom- 
merfelrl, respectively, anrl from the inability 
of the theory, even supjilementcd by these 
hypotheses, to yield complete agreement with 
exp(*rinunt (as, for example, the spectrum of 
helium) . 

(Quantum mechanics w^as initiated in 1923 
by de Bi’oglie who postulated that a wave of 
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wavelength A given above accompanies an 
electron and sliowed that the Bohr-Sommer- 
feld conditions for periodic motion around a 
closed path follow from the condition that this 
phase wave be tuned to the length of the path. 
In the following year the idea of a wave ac- 
companying the motion of a particle was 
shown by Einstein to arise from the applica- 
tion of Einstein-Bosc statistics to an ensemble 
of indistinguislial)le particles in the same 
way that the ai)plication of tliese staiistics 
to electromagnetic radiation yielded the 
Planck radiation law alrearly known to re- 
veal both the wave and })article nature of such 
radiation. In 1026 the Schrodingcr equation 
described the motion of the de Broglie [diase 
waves under the influence of an exiemally 
applied potential, and the pliysical signifi- 
cance of the phase wave ip was recognized ])ar- 
licularly by Born by identifying 
((/fcldr with the iirohahility of finding ilie sys- 
tem in the element of configuralioii sjiace 
(It betwei'ii Qi and Q] + dr/i, elc. liuleyiend- 
ently in 1925 Heisenberg developed a cal- 
culus of oh'^ervahle quantities, representing 
dynamical variables such as momentum, j)o.si- 
tion, etc , by UK'ans of matrices, tlie time rate 
of change of a variable A' being given by 
7 fix = XH — HX wIktc H is the Hamil- 
tonian of the syst(‘in. This formulation 
(matrix mechanics) of quantum theory is 
ecjuivalent to ilie Schr6ding(T formulation 
(wa\e mechanics) but emj)hasiz(‘s the role 
playi'd by tin* oliserver in the nuaiMirement 
of a physical quanlily and the fact that natu- 
ral limits imyiosed on measureiiKMits w^hich 
he makes must be incorporal i‘d into a theory 
which puryiorls to describe such measun‘- 
nients. Thus in jiai-ticular to specif}' the mo- 
mentum p and corresponding position x of a 
jiarticle is strictly speaking not legitimate 
since the veiy mca‘'Urement of the one will 
lead to an unpredictability of the other ghaai 
by tlie Heisenberg indcterminancy relation 
AxAp- — h. Dynamical variables wliicli can- 
not be measured simultaneously with arbi- 
trary precision are thus represented by ma- 
trices, or, more generally, operators, which 
may not (joinmute, while a system in the state 
ip has a definite value for tlie dynamicab vari- 
able .A if is an eigenfunction of the oper- 
ator A, i.c.. Alp = aip (a = number). Thus 
if A and B do not commute ip cannot be at 
once an eigenfunction of both A and B. A 
system in an eigenstate of energy is thus de- 


scribed by the equation Ihp = Eiff where H 
is the Hamiltonian of the system. In the 
Schrodingcr representation (wave mechan- 
ics) \p is regarded as a function of position 
and time and the momentum p appearing in 
the Hamiltonian is represented by the opera- 
tor - ih grad, Avhich automatically yields the 
commutation relation p.Xj — XjPi = 

In the Heisenberg representation (matrix 
mechanic.s) the position and momentum are 
re|)resente(l by matrices which satisfy this 
commutation relation, and ly a constant 
vector in Hilbert space, the eigenvalues E ])e- 
ing the same in the two case^^. 

The Hamiltonian of a iiaiticiilar system is 
formally identical with that of the classical 
theory, the simplest, for one jiarticle of mass 
m moving in a jiotential T’, being 


which in the Selircidinger nqiresentation gives 
Hie Schrodingcr equation 



2ni 


V- + 





In the presence of a magnetic field B derived 
from Hie vector potential A it is neci'ssary to 
replace 


by 


p = —ihV 



V - 


?> 

he 


A 




and in addilion to note the conlrilmtion - fi-B 
to the eneigy arising from the magnetic mo- 
ment [L of the jiartiole. Tlie vector p is itself 
an ojieiator, Ixang, for an electron, {e/mc)S 
wlure S is (he electron spin S (^/2)cr, the 
compomMits of <r being Hie Pauli spin opera- 
tors. Tlu‘ value e wc for the electron gyro- 
magnetic ratio was first |)ostulated by TThlen- 
hcck and (loudsmit and later shown to be a 
consequence of the Dirac electron theory. (It 
also follows from classical sfiecial relativity 
theory (see relativity theory, special) und(U’ 
suitable assumptions ) 

K on- relativistic quantum mechanics, ex- 
tended by the theory of electron spin and by 
the Pauli exclusion principle, provides a re- 
liable theoiy for the computation of atomic 
spectral frequencies and intensities, of cross 
sections for scattering or capture of electrons 
by atomic systems, of chemical bonds and 
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many properties of solids, including magnetic 
properties, although with such more compli- 
cated systems it has not always proved pos- 
sible to develop with adequate accuracy the 
consequences of the theory. Quantum me- 
chanics has also had a limited success in nu- 
clear theory although in tliis field it is pos- 
sible that a more fundamental system of me- 
chanics is required. 

QUANTUM MECHANICS (RELATIVIS- 
TIC). Generalization of non-relativistic 
quantum mechanics in wliich the quantum 
equations of motion satisfy the principle of 
relativity (sec relativity theory, special). In 
its simplest form the equation of motion of a 
particle is the Klcin-Cordon equation, but 
since this neglects the spin piopertie^ of the 
particle the best vciified form of relativistic 
quantum mechanics is f)U)vi(l(‘d by the Dirac 
electron theory. In general lh(‘ reiatiM^tie 
quantum theoiy of a sj^stem may alwa.ys l>c 
derived (as far as is known) from a Lagran- 
gian, the relativist ically covariant ]3ropertics 
of the resulting equations of motion being au- 
tomatically assured if the Lagrangian is in- 
variant under Lorentz transformations, (See 
also field theory; quantum electrodynamics.) 

QUANTUM NUMBER. A number assigned 
to one of the various values of a quantized 
quantity in its discrete range The quantum 
numbers arise from the mathematics of the 
eigenvalue probleni and may be related to the 
number of nodes in tlie eigenfunction. When 
the quantity has a quantum, the quantum 
number is the number of such quantums. A 
state may be described by giving a sufficient 
set of compatible quantum numbers In the 
custoiTiarv fonnulations, each quantum num- 
ber is either an integer (which may be posi- 
tive, negative or zero) or an odd lialf-integer. 
For example, for a nucleus the quantum num- 
bers of most interest arc the total angular 
momentum quantum number (railed the nu- 
clear spin quantum number) and the parity. 
(See angular momentum; atomic and nuclear 
physics.) 

QUANTUM NUMBER, AZIMUTHAL. 

(Ohs.) A quantum number characterizing 
the angular momentum of an electron in the 
Bohr model of the atom. It was related to 
the cllipticity of the electronic orbit about the 
nucleus. 


QUANTUM NUMBER, INNER. A term 
sometimes applied to the sum of the azi- 
muthal quantum number and the spin quan- 
tum number, representing the resultant of the 
two corresponding contributions to the angu- 
lar momentum of the electron. 

QUANTUM NUMBER, ISOBARIC SPIN. 
A nuclear quantum number based upon the 
concept that the proton and the neutron are 
different states of the same elementary par- 
ticle, the nucleon. The nuedoon is assigned an 
isobaric spin quantum number of and its 
twm possible orientations, = +14 “Hi 
are assigned to the neutron and proton, re- 
siieetively. The isobaric spin vectors of all 
nueleons in a given nucleus comliine as do an- 
gular momentum vectors, to give a total iso- 
baric <j)in vector T, which is equal to and 
it lias an orientation Tz, which is equal to 
The symbolic space in winch th^se 
orientations occur is called i'-oliaric ‘‘pace*; its 
Z-a\is corresponds to the direction of observ- 
able (negative) charge. Nuclei witli a com- 
mon value of Ty have the snme neutron ex- 
cess, e(pial to 2T/, by the relationship; 

TzZ ^ N{+\) + -- \{N-"Z) 

where T/ is as defined abo\(, N i^ tlie num- 
ber of neij^trons in the nucleus and Z is its 
nunib(T of protons Both T and T/ are in- 
tegral for e^en values of A, and half-integral 
for odd values 

QUANTUM NUMBER, MAGNETIC. A 

quantum number that determines the compo- 
nent of the angular momentum vector of an 
atomic electron or group of oh'ctrons along 
the externally applied magnetic field The 
values of these components are restricted, ie., 
quantized. 

QUANTUM NUMBER, PRINCIPAL. A 

quantum number which, in the old Bohr model 
of the atom, detennined the energy of an 
electron in one of the allowed orbits around 
the nucleus. In the theory of quantum me- 
chanics the principal quantum number is used 
most commonly to identify the electronic or- 
bital of the electrons. 

QUANTUM NUMBER, RADIAL. In the 

Bohr theory of the atom, the quantum num- 
ber that characterized the momentum of an 
electron in the direction of the radius vector. 
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QUANTUM NUMBER, SPIN. An integral 
term in the expression for the contribution 
to the total angular momentum of the elec- 
tron that is due to the rotation of the electron 
on its own axis. This contribution is quan- 
tized, having two values and —Yj, in terms 
of h/2'7r units of angular momentum (h = 
Planck’s constant). Tl\e spin quantum num- 
ber gives a numerical basis for the occurrence 
of many mulliplet lines in ordinary spectra. 

QUANTUM STATISTICS. Statistics of the 
distribution of particles of a given type 
among the various possible energy values, 
taking quantization of the latter into ac- 
count, including the i)rincii)le of the indis- 
tinguishability of the ])articles. In the Fermi- 
Dirac statistics, no more than one of a set of 
identical ])artic](‘s may occupy a particular 
quantum state (i.e., the Pauli exclusion prin- 
ciple applies) whereas in tlie Bosc-Einstein 
statistics, tlie occupation uumher is not lim- 
ited in any way. Particles described l)y these 
statistics are sometimes called fermions and 
bosons, respectively. No particle has been 
fenmd to be neither a fermion nor a boson. 
All known fermions have total angular mo- 
ments (n -(- where n is zero, or an in- 

teger, and all known bosons have angular 
nionientums nh. At sufficiently higli tem- 
peratures, wliere a large n\un])er of energy 
h’vels are excited, both quant \im statistics re- 
duce to the classical Maxwcll-Boltzmann sta- 
tistics. The basis of tlie two i]uantum sta- 
tistics is the observation that any wave func- 
tion that involves identical fermions al- 
ways antisymm('tric with respect to inter- 
change of the coordinates, including spin, of 
any two of the fermions, whereas for identical 
bosons, the wave function is always* sym- 
metric. 

QUANTUM THEORY OF HEAT CAPAC- 
ITY. A theory wdiich explains on the basis 
of energy quantization the decrea^-e nf spe- 
cifie heats at low temperatures to values be- 
low their classical values. For the case of 
regular solids, the formula of Debye forms a 
good approximation. 

QUANTUM THEORY OF RADIATION. 

The energy of radiation emitted or absorbed 
is concentrated in quanta or photons cael) 
with an energy in ergs of 6.624 X 
times the frequency of the radiation in cycles 


})er second. (See also Planck radiation for- 
mula.) 

QUANTUM THEORY OF SPECTRA. The 

present theory of spectra, whicli is based on 
an idea that then* exist in each atom or mole- 
cule certain permitted energy levels. An atom 
or molecule absorbs or radiates energy as it 
move^ from oru* energy level to another. The 
frecpiency (r) of the radiation associated with 
such change of energy level is given by 

El - E. =- hu 

E\, En are the energy levels and h is the 

Planck constant. 

QUANTUM YIELD. The number of plioton- 
imlu(‘('d reactions of a specified type per pho- 
ton absorbed. In the photoelectric effect, the 
quantum yield is more commonly called the 
photoelectric efficiency. In pliotoeh(‘mistry 
it is the ratio of the number of reactions in- 
duced Ix'th directly and indirectly })y light to 
the iiuiijIht of photons al>sorhcd; a (jiiantum 
yi(‘ld greater tlian unity indicates a chain re- 
action. In plant physiology' it is the ratio of 
the iiumlx'r of reactions of the primary })ho- 
tocliemical step of photosynthesis (as yet un- 
determined) to the number of photons ab- 
sorbed. 

QUART. A unit of dry and liquid measure 
in the English system. 

1 U.S. li(}uid fpiart = 0.946:^3 liter 
1 T^.vS. liquid (piart = 2 U.S. pints 
4 ThS li(piid quarts = 1 U.S. gallon 
1 Tmi)ori}d quart = 1.13650 liters 
1 U.S. dry quart — 1.1012 liters 

QUARTER-WAVE PLATE. 8l(* double re- 
fraction. 

QUARTZ CRYSTALS. A natural mineral 
conq)o>cd of silicon dioxide, which crystallizes 
in hexagonal, pe)sitive, uniaxial crystals. 
Two sorts arc found, one rotating the plane 
of polarization clockwise, the other counter- 
clockwise. Since completely clear crystals of 
(piartz are moderately common, and it is rela- 
tively hard (7 on the Moh scale) and easy to 
polish, qiiaiiz finds many uses in optical in- 
struments, particularly those whicii use po- 
larized light. Cry'stal quartz is tran-'.parent to 
shorter ultraviolet radiation, and to longer 
infrared radiation than is ordinary glass. It 
also has a broad band of fair transmission 
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for infrared, starting at about 50 microns and 
extending far into the still-long(‘r, infrared 
region. Quartz crystals are also useful as 

piezoelectric crystals. 

QUARTZ LAMP. Sec lamp, quartz. 

QUASI-CONDUCTOR. If tlie “Q” of a me- 
dium is much le.vs than unity, that medium is 
sometimes called a “quasi-conductor.'^ • 

QUASLDIELECTRIC. If the "Q” of a me- 
dium is much greater than unity, that me- 
dium is sometimes called a “quasi-diolectric " 

QUASI-DIFFERENTIATION (INTEGRA- 
TION). Approximate differentiation (inte- 
gration) l)y a simple circuit 

I 

QUASI FERMI LEVELS. In a semicon- 
ductor a potential energy defiiH'd so as to 
give cither the niimhcr of holes, or of elec- 
trons in the conduction band, ^^lu‘n the ma- 
terial is not in thermal e(iuilil)rium, as if it 
were the Fermi level, 

QUASI-STATIONARY FRONT. See front, 
quasi-stationary. 

QUATERNION. A hyperconiplcx number of 
the form 

3 

do + 13 

I — 1 

where Uq o, are real numbers, and — 1, 

^ 1^2 = "“^ 2^1 == ^ 3 f quafornion of unit 

norm 

= 1 ) 

I T-i 

may be used to rcpres(*nt a rotation in three 
diinen.'-ions. (Sec also Eulcr-Rodrigucs pa- 
rameters.) 

QUENCH CIRCUIT. See superregonerative 
receiver. 

QUENCHING FREQUENCY. The fre- 
quency of the local quenching oscillator (see 
oscillator, quenching) of a superregenerative 
receiver. 

QUENCHING IN A GAS-FILLED RADIA- 
TION COUNTER TUBE. The process of 


terminating a discharge in a radiation counter 
tube by inhibiting reignition. 

QUENCHING OF ORBITAL ANGULAR 
MOMENTUM. An electric field, such as the 
crystal field, may be so strong that it causes 
rapid precession of the orbit of an electron 
moving about an atom. As a result, the mag- 
netic moment associated with the orbital 
angular inomentura averages to zero. 

“QUENCHING” OF RESONANCE RADIA- 
TION. Since the process whereby a “fast” 
electron, upon collision with an atom, cxciti's 
or even ionizes it, losing energy in so rioing, 
is ealled a collision of the first kind, then the 
r(‘ verse process is called a collision of the sec- 
ond kind. This latter process is then a col- 
lision of an excited atom with a “slow’' el^c- 
hon io yield an unexcited atom and a “fasl" 
(‘loctron. This process may result in the so- 
called “(juenching” effect, as exemiilificd i)y 
the “quenching" of rc'sonance rarliation of 
mercury. For ex;imple, if the light from a 
rjuaTlz mercury arc is arranged to strike an 
evacuated (piartz bulb containing a (\fo]) of 
mercury the resomiTKa' line 1X2537) is ab- 
sorbed by the mercury vapor so that little or 
no radiation p/e-scs through th(‘ vapor di- 
rectly. Ilbwcver, the bulb now^ a(‘ts as a 
sour(‘(' of ladiatioii of the ])uh‘ resonance line 
owing to exeilation of normal atoms by the 
alisorhed radiation, and subsetiuent ‘sponta- 
neous emission of this radiation occurs in all 
directions (scattered radiation). Such a 
source has been designated a resonance lamp. 
If the radiation from this source is now 
allowed to fall on another bulb containing 
mercury in a vacuum the same processes of 
absorjitioii and re-emi^^ion of A2637 are ob- 
.'>erved again. But if a gas such as nitrogen, 
w\ater vajxir, or hydrogen is introduced at 
low’’ pressure into the second bulb, the in- 
tensity of the emitted radiation is decreased. 
It is said to have been “quenched." 

QUIESCENT. This adjective is used in con- 
nection wuth vacuum tubes and other ampli- 
fiers to indicate the condition in wdiich no 
signal (1) is applied to the input. The 
quiescent jiotentials of the various electrodes 
are therefore the steady undisturbed poten- 
tials of these electrodes, and the electrode cur- 
rents are similarly defined. 
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QUIET AUTOMATIC VOLUME CON- 
TROL. Delayed automatic volume control. 

QUIET TUNING. See interstation quieting. 

QUIETING SENSITIVITY (IN FM RE- 
CEIVERS). See sensitivity quieting (in FM 
receivers). 


QUINCKE TUBE. A sound transmission 
tube with two parallel bianehes, used for 
sound filtration (Sec filter, wave.) 

QUINIIYDRONE ELECTRODE. See elec- 
trode, quinhydrone. 

QUINTUPLE POINT. The temiierature at 
\\hich five phases aic in equilibrium 




R 


R. (1) Gas constant (K), specific gas con- 
stant (r). (2) Degree Rcaniur {^R). (3) 

Degree Rankiiie (‘^R). (4) Radius fr),rAdius 
of nucleus (rj), hydraulic radius (r//). (5) 

Radius vector (r). ((>) Radioactive range 

(/f). (7) Roentgen (r). (8) Reluctance ((K). 

(9) F]lectric resistance (r or 7?). (10) Acous- 
tic resistance (r). (11) Specific acoustic re- 
sistance (r). (12) Ra(iiation resistance (R). 

(13) Thermal resistance (R). (14) Plate re- 
sistance (rp). (15) Rydberg constant, (/?), 

Rydberg constant for infinite mass (Roo). 

(10) Position vector (r). (17) Radiancy or 

radiant flux density (O]). (18) Angle of re- 
flection (r). (19) Itelativc humidity (r). 

(20) Radius of acoustical tube, disc or mem- 
brane (R). (21) In spectrosco]iy, narrow 

self-reversal (r) , wide self-reversal (70* (22) 
Orbital angular momentum of nuclei (rota- 
tional quantum number) (R). 

R-BRANCH. See Fortrat parabola. 

R-METER. Any ionization metering instru- 
ment calibrated to read in roentgens. 


RAABE TEST. A test for absolute converg- 
ence of a scries. If the absolute value of the 
ratio of successive terms for sufficiently large 
values of n can be written 


Un 


n 


k. 

+ o H 


tr 


then the series converges absolutely if 
7ci < —1 and diverges if A'l ^ —1. With 
slightly less generalization, the third term on 
the right may be replaced by 0(1/^?^), where 
p > 1; i.e., this term is of the order of 1 /wp. 


RABBIT. A small container propelled, usu- 
ally pneumatically or hydraulically, through 
a tube in a nuclear reactor for exposing sub- 
stances experimentally to the radiation and 
neutron flux of the active section; used for 
rapid removal of samr les containing atoms 
with very short half-lives. (Sometimes called 
shuttle.) 


RABI METHOD FOR DETERMINING 
NUCLEAR MOMENTS BY “RADIO-FRE- 
QUENCY SPECTROMETRY.” The nucleus 
of an atom may itself have a magnetic mo- 
ment. This is always much smaller than a 
Bohr magneton, and is detected most readily 
when the outer elcctrunic structure is bal- 
anced magnetically so that its net moment is 
zero. Nuclear moments do not have any im- 
portant influence on the magnetic properties 
of materials, but they are vciy important in 
the study of nuclear structure. 

The particular method known as the 
‘hnolecular beam resonance method” and iisud 
first by Rabi and his colleagues is as follows: 

As in other experiments a molecular beam 
is provided and defined by slits, Wlaui the 
molecules enter the field, the vector represent- 
ing the magnetic moment preeoss(*s aroufid the 
direction of tlie field. About half of the mole- 
cules arc defleot(‘d downward by the fudd 
gradient produced by magnet A, and upw'ai*d 
by the gradient of magnet R, and arrive at the 
point D where they are detected by a suitable 
device. Molecules of different velocities are 
focused at the same point after traversing 
other paths, provided no change occurs in 
the magnetic moment along the path. 

A change in the vertical component of the 
moment is produced in the uniform field TI 
of magnet C by superposing upon the field a 
rather w’^eak alternating field, of frequency /, 
produced by current in the copjicr tubes 
showm. The disturbing action of this field 
may best be explained by analogy with a 
spinning top precessing about a vertical axis 
under the influence of gravity. If a disturb- 
ing force is produced, as by oscillating the 
point of support, the top will become unstable, 
provided the frequency of oscillation is equal 
to the frequency of precession. In the case 
of the molecules, instability is produced when 
tlicir frequency of precession (proportional to 
the field strengtli H) and the frequency of 
oscillation of the weaker field are equal, and 
unstable molecules then deviate from their 
previous paths as indicated by the dotted line 
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Molecular beam apparatus as usc<l in the llabi met hud. 


E. II is varied slowly until the number of 
molecules arriving at D is a minimum, and 
II and / arc noted. 

The ratio of the magnetic moment to the 
angular moment is expressed in terms of the 

Land^ factor g: 

g = {4TMc/e)f/II - 0.001312////, 

M being now the mass of tlic proton. For the 
Li^ atom, experiment gives / — 5.G1 X 10^ ops, 
H = 3*400 oersteds, and henei' g — 2.1 G7, and 
the magnetic moment is 3.25 nuclear Bohr 
magnetons. 

RACEMIC. Optically inactive, bnt contain- 
ing forms of opposed optical activity. 

RACON. The radar beacon, n device that lias 
been used for some time for the purjiose of 
identifying ships and plane'- picked up on 
radar \iew scopes during military and naval 
operations. It is a standard aid for both air 
and sea navigation that may be used by all 
navigators sujiplied with radar. 

RAD. A unit of absorbed dose, recommended 
by the International Commission on Radio- 
logical [^nits (July, 1953). It is IGO ergs per g. 

RADAR. Radar (coined from radio directing 
and ranging) is a system for locating reiV'ct- 
ing objects by means of radio signals. Any- 
thing which will reflect enough energy of a 
radio signal of high frcciuency to actuate the 
receiver may be (Ictt'cted and accurately lo- 
cated in s])aee over distances approximating 
line-of-sight distances from the radar stations. 
This will be over 100 miles for high-flying 
planes. Since the radio signals penetrate fog, 
darknc.ss, rain, and haze, this method of locat- 
ing planes, ships, and ground objects does not 
have many of the limitations of the older 
optical systems. In addition, the ranging by 


radar means may be much more accurate than 
that of the optical methods. Although radar 
was originated a number of years ago, it was 
not until just before and during World War 
II that it was brought to tlu* higli degree of 
pin-fe^^tion which iierniitU’d its use in detecting 
enemy e(|uipm(‘nt and then controlling the 
gunfire which de^troy(‘d that etpiipnient, often 
without the enemy being visible. Because of 
the varied reflecting characteristics of many 
ground installations, bodies of water, types of 
earth, terrain formations, etc., certain types 
of radar were used for blind bombing when 
visual sighting was impossible. These war- 
developed applications point the way to many 
obvious peacetime applications such as blind 
navigation of ships in licavy fogs, blind flying, 
blind landings, and storm tracking. 

Although the details of the various radar 
systems differ, depending upon the particular 
ty^'pe and lh(‘ use for which it is intended, the 
basic principles aie the same. A series of 
accurately timed and very^ short pulses of 
radio frequency (frecpieneies range from ap- 
proximately 100 to several thousand mega- 
cycles) are transmitted by a directional an- 
tenna. Since these pulses represent only a. 
small part of the toral time, the })o\ver in the 
pulse may be quite high without the average 
power (and hence size of equipment) becom- 
ing excessive. If these radio signals strike a 
conducting object some of the energy is re- 
flected. The reflected pulses may then be 
picked up by the radar receiving system. 
Basically the direction of the antenna wdien 
a reflection is detected gives the direction to 
the object, and the time between the trans- 
mission of the pulse and its return gives the 
distance (radio waves travel at 18fl,000 miles 
per sec). The details of making the system 
suflSciently accurate for practical use are very 
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complex, but the principles may be illustrated 
l)y considering a unit used for search and fire 
control against aircraft. The figure show's a 
simplified block diagram of the unit. The 



timing unit or pulse generator controls the 
sequence of ojx'iation^ by supplying a keying 
pulse to the transmitting system and at tlie 
same time a lelerencc pulse to the receiving 
system. Tlu‘ pulse is shaped and amplified in 
the modulator unit and is ihvn a]iplicd to the 
transmitter. Hero it serves to key the pulse 
of radio-fiequency energy, the high-fre(iuenry 
pulse being fed to the antenna. The field to 
be observed i^ scanned by the antenna and its 
radio signal jii‘^t as it might he scanned by a 
searchliglit and its beam for \isual seal clung. 
Various types of antenna structures are used, 
hut all are directional, and the direction may 
he changed at will. Some radars use separate 
transmitting and receiving antennas, although 
most use a common antenna for both func- 
tions. The T-H unit is merely an electronic 
switch which cuts out the recei\er circuits 
when a pulse is being transmitt(‘d and then 
opens them between transmitted pulses so 
they will be ready for the received pulses. 
The range of the radar is limited by the dis- 
tance the signal can travel out and back be- 
tween transmitted jiulses, since one pulse must 
make its complete t ip before the next one 
starts. The received signal is compared in 
the receiver with the signal originally gen- 
erated in the pulse generator, the time dif- 


ference giving the time of travel of the radio 
wave and hence the distance. There are vari- 
ous methods of doing tliih, but cathode ray 
oscilloscopes are used as the comparison in- 
dicators. As an elementary example, suppose 
the signal received from the pulse generator 
initiates the sweep circuit of the oscilloscope 
and that the sweep takes a definite and known 
tune to traverse the oscilloscope screen. This 
may he accurately adjusted by means of the 
circuit constants of the sweep circuit. If the 
1 ('turned signal from the receiver is fed to 
the other set of plates of tlic oscilloscope, it 
will aj)j)ear as a hunq* or “pip^’ on the trace 
If, for examjile, the swtep time is 100 micro- 
‘‘('conds and the pip occurs at a point one 
fourth of the distance across the scope, the 
time of travel of the radio wave would he 
/4 X 100, or 25 microseconds, and the dis- 
tance to the detected object would he I /2 X ‘^5 
X 10“^ X 186,000, or 2 32 miles. This simple 
illustration neglects, of course, time delays 
in the ciicuits, hut these are allowed tor easily 
In many cases they are adiustahle to improve 
the accuracy of ranging Connected with the 
antenna scanning mechanism js a reh'rcnce 
voltage generator whoso output is also fed 
into the receiving system to indicate direction 
to the reflecting plane when a pulse is re- 
ceived. Py ('lectrouic means this reh'rence 
voltage may be compared with the received 
pulse in su(*h a v\^ay as to indicate on a scope 
to the radar operator when he is pointing di- 
rectly at th(' target. 

In a PPI (plan position indicator) system 
tlie movement of the antenna is tracked by 
the trace of an oscilloscope tube (the PPI 
scope) Thus, the position of the trace on 
the scope corre‘«‘j)onds to the dirretion of the 
beam from the antenna A reflection then ap- 
pears as a bright spot on the oscilloscope, the 
azimuth of the spot being the azimuth of the 
reflecting object and the distance of the spot 
from the center indicating the range of the 
object. The intensity of the spot is a measure 
of the reflecting efficiency of the target. Thus, 
when such a radar is used from a plane, the 
antenna being used to scan the area below, 
the oscilloscope will show a shaded pattern 
of the ground since the reflection is affected 
by changes of terrain, different building ma- 
terials, bodies of w'atcr, etc. As the radar 
beam sweeps over points with high-reflection 
coefficients the spot is bright, whereas points 
with lesser coefficients give less bright regions 
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on the scope. The result on the screen is a 
picture of the area being viewed, appearing 
very much like an aerial photograpli. 

RADAR, DOPPLER. See Doppler radar. 

RADAR EQUATION. For a radar system 
using the same antenna for transmission and 
reception, the maximum range at whicli an 
object can be detected is proportional to the 
fourth root of the transmitted power, the 
srpiare root of the antenna area, and tlie 
square root of the frequency. 

RADAR ‘‘ECHO.” The reflected, radio-fre- 
quency energy from olijects surrounding the 
radar transmitter. 

RADAR, FIXED -TARGET REJECTION. 
See moving target indicator. 

RADAR INDICATORS. Cathodc-ray oscil- 
loscopes which present tlie returned signal 
for ^iMlal observation. Several of the dif- 
ItM-ent lyiies of presentation are as follows: 

The “A” indicator iiresents signal intensity 
against a timo-haso sweep whieh is calibrated 
in range. The indicator presents range 
on one axis against aziinutli on tlie other axis 
The intensity of tliis display is brightened 
as a function of echo inlensity. The '‘C” 
indicator also (aiiiiloys intensity briglitening 
with ei'ho strength, and presents azimuth 
against el(‘vation. 

The “.1” presentation is simii.^r to the ‘‘A,’’ 
l)ut bends the range swhm']) around the periph- 
ery of the calhod(’-iay indicator tube 1 ) ob- 
tain a longer range trace. The PPl 
position imlicator) pre.sents a map picture of 
the surrounding area by di^^playing azimuth 
angle and range in their actual relationship. 
lM‘hoes are indicated by increased trace in- 
tensity. 

RADAR, MOVING-TARGET INDICATION. 
See moving-target indicator. 

RADAR PULSE DURATION, LENGTH OR 
WIDTH. The haigtli of the radar transmis- 
sion, usually expressed in microseconds. 

RADAR PULSE - REPETITION FRE- 
QUENCY. The number of radar trahsmis- 
sions made per second. 

RADAR “TARGET.” Any reflecting surface 
in the beam of the radar antenna which causes 
a signal to be returned to the receiver. 


RADIAL BEAM TUBE. A swdtcliing tube 
(see tube, switching) wdiicli employs a radial 
beam of electrons which is rotated around the 
cathode by the magnetic field produced by 
an external coil assembly. Anodes placed 
along the circumference of a circle having the 
cathode as its center arc swept by the beam 
tw'ice in each beam-n'volution. 

RADIAL DISTRIBUTION FUNCTION. The 

radial distribution function for a liquid is 
defined as the function ^(r), ivhere 4:Trr‘^p(r)dr 
is (lie a\erage niiiuoer of moleciih' centers at 
distances bt‘tween r and r f dr from some 
.selected molecule. If tlie liquid is isotropic, 
it is the average number density at distance r 
from the selcct(‘d inoleeul«\ Tlie radial dis- 
tribution funetion may be eomputed from 
measiiri nient'' of X-rav difFraction patterns, 
and it is of ceniral importance in tlie kinetic 
theory of liquids. 

RADIAL DISTRIBUTION METHOD. A 

statist ical iiudhod for the analysis of data 
obtained liy measuring the intensity of x-ray 
diffraction at various angU's, in order to de- 
termine interatomie distances of liquids and 
ga'-es, williiii certain limitations. 

RADIAL GRATING. An K mode (zero 
order) suppressor for a circular waveguide, 
consisting of radial wares placed in the guide. 

RADIAL TRANSMISSION LINE. See trans- 
mission line, radial. 

RADIAN. A unit for measuring angles. It 
is That angle wdiose intercepted arc in a 
urcle eciUcils the radius of the circle. Thus 
TT radians - ISO^; 1 radian = ISO^/tt = 
.■)7 29578* • • " or 57'' 17' 44 6", approximately, 
and 1° is approximately 0 017'153 radians. 

RADIANCE. The radiant flux per unit solid 
angle p(T unit of projected area of the source* 
The usual unit is llie w^att/steradian/square 
met(M-. This is the radiant analog of lumi- 
nance. The Irit('mational Commis.sion on 
Illiinunation recommends the w^ord be aban- 
doned in favor of emittance, luminous or 
radiant, for flux emittcfl per unit area. 

RADIANT. A term denoting motion on a 
radius or, more particularly, along a very 
great number of radii, as the emission of 
energy from a point source, wdii'ch travels 
along the various radii of a sphere of con- 
stantly-increasing radius, so that the radia- 
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tion-pattern at any instant occupies, in a 
perfectly homogeneoufi medium, the position 
of the surface of a sphere. From this orig- 
inal meaning, the term has been extended in 
its application to connote either particles of 
matter or electromagnetic energy ('merging 
from a more or less sharply defined region, 
or the substance or entity whicli emits such 
particles or radiations. 

RADIANT EMITTANCE. See emittance. 

RADIANT ENERGY. Energy transmitted 
as electromagnetic radiation. 

RADIANT FLUX. The time rate of flow of 
radiant energy. 

RADIANT FLUX DENSITY. A measure of 
radiant power p(T unit an'a that flows /.icross 
or onto a surface*. (Also called irradiance.) 

RADIANT INTENSITY. The energy emitted 
per unit time, per unit solid angle about the 
direction considered; for example, watts per 
steradian. 

RADIANT SENSITIVITY (OF A PHOTO- 
TUBE). The quotient of output current by 
incident radiant flux of a gi\cn wavelength at 
constant (dectrode voltages. The term output 
current as here used does not include the dark 
current. 

RADIATED POWER, EFFECTIVE. The 

product of the antenna power (transmitter 
output povvTF less transmission line loss) times 
(a) the antenna power gain, or (b) the an- 
tenna field gain sciuared. 

RADIATION. (1) The emission and propa- 
gation of energy through space or through a 
material medium in the form of waves; for 
instance, the emission and propagation of 
electromagnetic waves, or of sound and elastic 
waves. (2) The energy i)roi)agated through 
space or through a material medium as waves; 
for example, energy in the form of electro- 
magnetic waves or of elastic waves. The 
term radiation, or radiant energy, wlicn un- 
qualified, usually refers to electromagnetic 
radiation; such radiation commonly is classi- 
fied, according to frequency, as Hertzian, 
infra-red, visible (li'rht), ultraviolet, x-rays, 
and 7 -rays. (See photr«n; also radiation field; 
also entries imder ray and radiation.) (3) 
Corpuscular er fissions, such as a- and ^S-radia- 


tion, or rays of mixed or unknown type, as 
cosmic radiation. 

RADIATION, CERENKOV. Radiation 
emitted by a liigh-energy charged particle 
moving in a medium having an index of re- 
fraction considerably greater than unity. This 
radiation is due to the effect of the discrep- 
ancy between the high velocity of the par- 
ticle, which may be close to that of light in 
a vacuum, and the lower velocity of its asso- 
ciated electric and magnetic fields, which 
have a velocity equal only to the velocity of 
light in a vacuum divided by the refractive 
index of the medium. 

RADIATION, COHERENT. See coherent 
radiation. 

RADIATION CONSTANTS. See the Planck 
radiation formula. 

RADIATION, COSMIC. See cosmic rays. 

RADIATION COUNTER. See counter. 

RADIATION DENSITY CONSTANT. The 
constant u^ed in the Stefan-Boltzmann law to 
cxpn'Ss the total energy density of blac4c body 
radiation as a function of the temperature. 

a = 87rV/l5e‘"//^ 

— 7.5fi9 X 10 ^ * erg em deg“^. 

RADIATION, ELECTROMAGNETIC. See 
electromagnetic radiation. 

RADIATION EFFICIENCY. The ratio of 
the power radiated to the total power sup- 
plied to an antenna at a given frequency. 

RADIATION FIELD. When a conductor 
carries a-c there are two ty])es of fields set 
up jn the surrounding space. One of these, 
tlie induction field, is predominant at low fre- 
quencies such as used in power circuits while 
the other, called the radiation field, predomi- 
nates at very high frequencies such as used 
for radio communication. The induction field 
is responsible for the familiar magnetic effects 
of coils and the interference between circuits 
which arc coupled inductively, i.e., the induc- 
tion field of one links the other. For radio 
communication over long distances the radia- 
tion field is important since it represents the 
energy which is radiated outward from the 
antenna system and which does not return to 
the system but spreads out in space. Close to 
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the transmitting station both types of field 
may be utilized; in fart, certain wireless 
record players use the induction field, but at 
appreciable distances (a few wavelengths) the 
induction field is negligible. The radiation 
field consists of an electromagnetic wave 
traveling at the velocity of light (3 X 10^^ 
cm/see). It is this wave which cuts across 
the receiving antenna and induces the signal 
which is amplified and demodulated in the 
receiver. This radiation goes out from the 
antenna in various directions, the exact direc- 
tions and strengths being dependent upon the 
antenna characteristics. Thus some of the 
energy may travel along the earth^s surface 
to the receiver, some may go upward to the 
ionosphere and be refracted so it is returned 
to th^^ earth giving long-distance communica- 
tion. This radiation field is composed of an 
electric and a magindic component, mutually 
jierpendicular and pci-])en(liciilar to the direc- 
tion of propagation U])on l(‘aving the an- 
tenna the electric field is parallel to the an- 
tenna and the magnetic iRTpcndicnlar to it. 
Either or both may contrilmte to the signal 
induced in the n'ceaving antenna. At ex- 
trcaiK'ly high fn'quencies the ])olarization or 
(lire(‘tion of the ('leetric field or vector has an 
elT(*ct on tlie character of the received signal. 

RADIATK^N, FI.UORESCENT METHOD 
OF DETECTING. The detection of radia- 
tion hy means of the fluorescence produced 
in a suitable screen, such as zinc sulfide. 

RADIATION, HETEROGENEOUS. Radia- 
tion having several differcmt frequencies, or a 
beam of particles of a variety of energies or 
containing di(T(‘rent ty])es of particles. 

RADIATION, HOMOGENEOUS. Radiation 
having an extremely narrow band of fre- 
quencies, or a beam of monoenergetic par- 
ticles of a single tyi)e. 

RADIATION, INFRARED. See infrared 
radiation. 

RADIATION INTENSITY. In a given di- 
rection, the power radiated from an antenna 
per unit solid angle in tliat direction. 

RADIATION, LEAKAGE. In a transmit- 
ting system, radiation from anything other 
than the intended radiating system. 

RADIATION LENGTH. The mean path 
length required for the reduction, by the 


factor 1/e, of the energy of relativistic charged 
particles as they pass through matter. Such 
particles lose their energy mainly by radiat- 
ing (see bremsstrahlung). The radiation 
length for relativistic electrons in air is 330 
m; in lead it is 0.5 cm. 

RADIATION LOBE. A portion of the radia- 
tion pattern bounded by one or two cones of 
nulls. 

RAdlATION LOSS. That part of the trans- 
mission loss due to radiation of radio fre- 
quency power fi'om a transmission system. 

RADIATION, MONOCHROMATIC. Radi- 
ation having one frecjiiency or one wave- 
length. Actually, no finite amount of radia- 
tion will ever be strictly monochromatic. It 
will, at best, contain a narrow band of wave- 
lengths. 

RADIATION PATTERN. ' A graphical rep- 
resentation of the radiation of the antenna as 
a function of direction. Choss sections in 
which radiation patterns are frequently given 
are vertical planes and the horizontal plane, 
or the i)vincipal electric and magnetic polar- 
ization planes. 

RADIATION, PHOTOGRAPHIC METHOD 
OF DETECTING. The detection of radia- 
tion hy means of its action on a pfiotographic 
film or i)late; or the detection of the passage 
of a licavily ionizing particle through a photo- 
graphic emulsion by its activation of indi- 
vidual cr 3 >tal grains in tlie emulsion. 

RADIATION POTENTIAL. The potential 
difi’ereiice in volts corresponding to the energy 
in electron-volts required to excite an atom 
or a molecule to emit one of its characteristic 
radiation-frequencies. 

RADIATION PRESSURE. (1) That electro- 
magnetic radiation exerts a pressure upon any 
surface exposed to it was deduced theoretically 
by Maxwell in 1871, and proved experimen- 
tally by Lebedew in 1900 and by Nichols and 
Hull in 1901. The pressure is very feeble, but 
can be detected by allowing the radiation to 
fall upon a delicately poised vane of polished 
metal. (See Nichols radiometer.! It may 
be shown l^y the electromagnetic theory, by 
the quantum theory, or by thermodynamic 
reasoning, making no assumption as to the 
nature of radiation, that the pressure against 
a surface exposed in a space traversed by 
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radiation unifonnly in all directions is equal 
to % the total radiant energy per unit volume 
within that space. For black-body radiation, 
in equilibrium with tlie exposed surface, the 
energy density is, in accordance with the 
Stefan-Boltzmann law, ecjual to (4<t/c)T‘*; in 
which (T is the Stefan-Boltzinann constant, c 
is the electromagnetic constant, and T is the 
absolute temperature of the space. One-third 
of this energy density is ecpial to 2.323 X 
10 (ergs/em®), which is therefore the 

pressure in bars. (2) Tn acoustics, radiation 
pressure is the unidirectional pressure force 
exerted at an interface between two media 
duo to the passage of a sound wave. 

RADIATION PYROMETER. A pyrometer, 

of which there are several commercial designs, 
based upon the principle that tlie intensity 
of the thermal radiation from a heated body 
depends in a systematic wny upon the tem- 
poraiurc of its surface. The essential mech- 
anism involves the focusing of tlie radiation 
upon a thennocouple or some otlu*!’ sensitive 
thermomctric detector by mt*ans of a suitable 
mirror. In one form the mirror is concave, 
producing a real image of a portion of the 
heated surface; in another it is a hollow cone, 
in which tiic radiation converges in an open- 
ing at the apex, Mhcrc (lie thermocouple is 
placed. All instruments of this* tvp(' niu^t ]>e 
experimentally calibrated, as temperatures 
C 0 Tn])ute(l theoretically from the Stcfan-Boltz- 
mann law are, for various reasons, found to 
he in error A fundamental difficully arises 
from the fact that no actual radiator is an 
ideal black body, and the emissive ]i()wer of 
one surface difTcr*^ from tliat of another at 
the same temperature. This gives rise to the 
term “radiation temperature^’ as different 
from the actual temperature of the body un- 
der examination. 

In addition to the foregoing ty])e, sometimes 
called the “total radiation ])yromctcr,” the 
spectropholometcr or the spe^droradiometer 
(an infrared spectrophotometer) is used in 
the case of very high temperature's, and the 
temperature deduced from the “peak” wave- 
length in accordance with the AVion displace- 
ment law. (See Wien laws.) 

RADIATION, RECOIL. A term applied to 
radiations emitted durmg nuclear disintegra- 
tions which are attended by an observable 
recoil of the nucleus emitting the radiation. 


RADIATION RESISTANCE. (1) The quo- 
tient of the power radiated by an antenna by 
the square of the effective antenna current 
referred to a specified point. (2) The (acous- 
tic) radiation resi.stance of a medium is the 
acoustic impedance (see impedance, acoustic) 
of a plane wave, ecpial to poC/S where po is the 
mean density of the medium in gm/cm^, c 
is the velocity of sound in cm/sec, and S is 
the area of the wave front under considera- 
tion in cm^. 

RADIATION, RESONANCE. Sec resonance 
radiation. 

RADIATION, STRAY. All radiation which 
reaches ilie dctc'ctor at wavelengths that do 
not corr(‘s])ond to the spectral position under 
considc'ralion. 

RADIATION, UI.TRAVIOLET. See ultra- 
violet radiation. 

RADIATION, VISIBLE. Radiant energy 
wliich is perceived by the normal eye (aj)- 
ju'oximatcly 3800 to 7S00 Al. (S('e aNo infra- 
red and ultraviolet radiation.) 

RADIATIONLESS DECOMPOSITION OR 
TRANvSITION. See Auger process and col- 
lision of the second kind. 

RADIATIVE CAPTURE. Se(' capture, ra- 
diative. 

RADIATIVE CORRECTION. Difference 
b(‘tween the tlu'oretical \'alue^ of ^ome proj^- 
erty of a dynamical systc'in as coinpiitcfl from 
the quantized field tlieorv (.^(‘e field theory, 
quantized) of the system and from the cor- 
re.sj)onding im(piantized fiebl tlu'ory. Ap- 
])]ied ])arlicularly to tlie theory of eleelrons, 
])Ositron.s and the electromagnetic field. (Sec 
Lamb shift, anomalous magnetic moment 
(electron), vacuum polarization, self-energy, 
renormalization. ) 

RADIATOR. (1) A body which emits energy 
quanta or certain material particles; more 
commonly a body wliich emits electromag- 
netic radiation. (2) A substance placed in a 
beam of radiation, which as a result of the 
interaction of the beam with the substance, 
emits radiation of a diffen'iit typo. For ex- 
ample, a metal foil placed in a beam of 
y-radiation will emit secondary electrons as 
a result of the photoelectric and pair produc- 
tion processes. (3) A radiating clement, 
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which may be (a) a vibrating element in a 
transducer which can cause, or be actuated 
by sound waves, or (b) a basic subdivision 
of an antenna, whicli in itself is capable of 
radiating or receiving radio-frequency energy. 

RADIATOR, COMPLETE. See complete 
radiator. 

RADIATOR, NON-SELECTIVE. A radiator 
whose spectral emissivity (see cmissivity, 
spectral) remains constant tliroughout the 
spectrum, being in a constant ratio to that 
of a complete radiator (see radiator, com- 
plete) at the same temperature, (Also called 
a “gray body.”) 

RADIATOR, SPHERICAL OR ISOTROPIC. 

A radiator wliicb ])rodnees the same radiation 
intensity in all directions. 

RADTCAl.. (1) An indicated root of a num- 
ber, usually a princijial root ; thus, the radical 
symbol means xhe principal nih root of a. 
Operations with radicals are expressed by 
the formulas; 

n/ n/ n> 

V (lb — ^ (l\ h 
a _Va 
6 ~ 

if a and h are posit i\ e. Sueh functions or equa- 
lions containing them nre also called u’rational. 
( 2 ) A group of atmiis whicli may enter into 
sevei’al c’omliinat ions as a unit, and lake part 
in reactions liki' an elementary substance, vis., 
Nil,—, , CUT, , CUI\C(>- - Sv),. 

RADIOACTINIUM. A thorium isotope of 
mass number 227, jirodneed naturally by 
/^-decay of actinium 227. Kadioactmimu 
emits a-paidicles (lialf-pei'iod 18.(S <lays) to 
give radium 223 (acliniiim \). 

RADIOACTIVE. Exlnbiting or iiertaining to 

radioactivity. 

RADIOACTIVE CHAIN. A synonym for 
radioactive series. 

RADIOACTIVE CONSTANT. Discusseil 
under disintegration constant. 

RADIOACTIVE DECAY. Sec radioactivity; 
and decay, radioactive. 

RADIOACTIVE DECAY CONSTANT. See 
disintegration constant. 


RADIOACTIVE DECAY LAW. See decay 
law, radioactive. 

RADIOACTIVE DISINTEGRATION. See 
radioactivity. 

RADIOACTIVE DISPLACEMENT LAW. A 

law originally stated by Soddy and Fajans. 
In its more modern and inclusive form it may 
be stated as follows: When a nucleus emits 
an ocqmrticle the new nucleus formed has an 
atomic number tw(' less than the parent and 
a mass number of four less. When a nucleus 
emits a negative /■?-i)article the atomic num- 
ber of tlic new nucleus formed is one greater 
than tlie fiarent and llie mass number remains 
th(‘ .same. Tlie emission of a positron (*r the 
capture of an orbital elect i-en decreases the 
atomie number by one without changing the 
mass number. Isomeric transition arul y-cmis- 
sion lead to no ('hange in atomic number or 
mass number. 

RADIOACTIVE EMANATIONS. Radioac- 
tive gase.s given otT by certain radioactive 
elements. Thii‘<, radium, thorium, and ac- 
tinium give otl the radioactiv^e gaseous emana- 
tions, radon, thoron, and actinon, respec- 
tively. 

RADIOACTIVE EQUILIBRIUM. A condi- 
tion which may obtain in the course of the 
decay of a radioactive parent having shorter- 
lived descendants, in which the ratio of the 
activity of the parent to that of a descendant 
is indeppndent of time. Tlii.s condition can 
exist only when no activity longer-lived than 
that of tlic parent is interposed in the decay 
chain. If the half-life of the parent is long 
compared to the time of the experiment then 
the state is call(*d secular equilibrinm. When 
secular C(piilibrium exists among members A, 
R, (\ • • • etc., of a decay series, then K ~ 
^ j{kn ~~ = • ' ' where N 4 , N * ‘ ’ 

are the numbers of atoms of A, R, (7, * • • , rc- 
s])ectively, and A.,i, A/?, Ae, are the corre- 
sponding decay constants. If the half-life of 
the parent is «hort and a flecline in parent 
activity is oliservable, the state is called 
transient expiilibrium. hen transient eqiii- 
]i})rinm exists between a parent. A, and 
daughter, B, then A^iA^ — — A. 4 ) wdiere 

N 4 and .Vn are the number of atoms and A^ 
and Xjt Ihe respective decay constants. 

RADIOACTIVE HEAT. A synonym for ra- 
diogenic heat. (See radiogenic.) 
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RADIOACTIVE ISOTOPE. An isotope 

which 18 radioactive. 

RADIOACTIVE NUCLIDES, NATURAL. 

Natural radioactive nuclides may be classi- 
fied as follows: (1) primary, which have life- 
times exceeding about 10^ yr anrl presumably 
have persisted from the time of nucleogencsis 
to the })resent; they include the a-emitters 
XJ238^ Tlr^^ and the /?-di^inte- 

grators Rb«^ ln^l^ Lu'"", 

(2) secondary, wdiich are formed in radioac- 
tive transformations starting with 
or Tlr®‘^; these three nuclides are the parents 
of the uranium S(*ries, the actinium series, and 
the thorium series of natural radioactive nu- 
clides respectively; known members of this 
class all belong to the elements from thallium 
to uranium; (3) induced, having geoloji^ically 
short lifetimes and formed by induced nuclear 
reactions currently occurring in nature; ex- 
amples arc (natural radiocarbon), pro- 
duced by cosmic ray neutrons in the atmos- 
phere, and Pu-'"*®, produced in uranium min- 
erals by neutron captun'; (1) extinct, of life- 
times too short for survival from the time of 
nucleogencsis to the present, but long enough 
for persistence into early gcolodc times with 
measurable effects; at present is the only 
suspected member of this class. 

RADIOACTIVE SERIES. A succession of 
nuclides., each of which transforms by radio- 
active disintegration into the next until a 
stable nuclide results The first member Ls 
called the parent, the intermediate members 
are called daughters, and the final stable mem- 
ber is called the end product. Three such 
scries arc encountered in natural radioactiv- 
ity, and many others arc encountered in in- 
duced radioactivity, particularly among the 
heavy elements and fission products. The 
])rocess of successive radioactive transforma- 
tions in such a scries is knowm as series dis- 
integration. A scries of induced radionu- 
clides that merges into a natural series is 
called a collateral scries to the latter. 

RADIOACTIVE STANDARD. A sample of 
radioactive malerial, usually with a long half- 
life, in which th(' number and type of radio- 
active atoms at a definite reference time is 
known. Hence, it m*./ be used as a radiation 
source for calibrating radiation-measurement 
equipment. 


RADIOACTIVITY. (1) Spontaneous nu- 
clear disintegration with emission of corpus- 
cular or electromagnetic radiations. The 
principal tyjies of radioactivity arc a-disinte- 
gration, p-decay (negatron emission, positron 
emission, and electron capture) and isomeric 
transition. Double ^-decay is another type 
that has been postulated, and spontaneous 
fission and the spontaneous transformations 
of mc.sons arc sometimes considered as types 
of radioactivity. To be considered as radio- 
active, a process must have a measurable life- 
time (between - — 10“ sec and yr, ac- 

cording to present experimental techniques). 
Radiations einiltcd witliin a time too short 
for measui'cinent are called prompt; ho\^ever, 
prompt radiations, including y-rays, charac- 
tiTistic x-r;iys, conversion and Auger elec- 
trons, delayed neutrons, and annihilation ra- 
diation, ar(‘ often associated with radioactive 
disintegrations, since their emission may fol- 
low the primary radioactive proce^^. (2) A 
particular radiation component from a radio- 
active source, such as y-radioaeti\ ity. (3) A 
radionuclide, such as a radioactivity pro- 
duced in a bombardment. (4) A for 

activity. 

RADIOACTIVITY, ARTIFICIAL. Itadio- 
activity iiydueed in an elemcmt by bombard- 
ing it with particles or radiations or both 
(See radioactivity and radioactivity, in- 
duced.) 

RADIOACTIVITY, INDUCED. The pro- 
duction of radioactive (dements by bombard- 
ment of other elements, commonly the stable 
ones, wuth a-parlicles, neutrons, protons, and 
other particles or radiations. The artificial 
radioactive elements (commonly called radio- 
elements) usually, but not always, liave sliort 
life periods; they emit electrons, positrons, 
and other jiarticles, as well as y-rays, in their 
decomposition. (Sec reaction, nuclear.) 

RADIO BEACON. A radio transmitting sta- 
tion, maintained and operated for the pur- 
pose of detennination of radio bearings. The 
transmitting frequency, latitude and longi- 
tude, characteristic signal, and times of op- 
eration of each radio beacon are listed for 
sea navigators in the Hydrographic Office 
Publication '^Radio Aids for Navigators,” and 
for aviators in a similar publication of the 
Civil Aeronautics Administration. In one 
sense of the term, any radio station might 
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be used as a radio beacon since a radio bear- 
ing may be obtained from it. However, only 
stations listed as beacons can be relied upon, 
since their positions are carefully determined, 
and their signal characteristics are main- 
tained by responsible agents. 

RADIO BEARING. The direction of a radio 
transmitter, as determined by a directional 
antenna receiver, is known as the radio bear- 
ing of the transmitter. 

RADIO BROADCASTING. Radio transmis- 
sion intended fur general reception. 

RADIO CHANNEL. A band of frequencies 
of a widtl] sufficient to permit its use for radio 
communication. The width of a channel dc- 
j)ends upon the type of transmission, and the 
tolerance for the frequency of emission. 

RADIO COMMUNICATION, Communica- 
tion between distant points not directly con- 
nected by an electrical confhictor may be ac- 
complished liy electromagnetic waves radi- 
ated through space Thus radm eommunica- 
linn utilizes radiatc<l (UK'rgy instead of the 
coiidueted cnerg\’' of the wired methods (see 
radiation field i Obvious benefits of the ra- 
dio method are the elimination of the expense 
of in'-! n nation and upkeep of a wire commu- 
nication sv'^tem, and the eoinmiinicntion be- 
tween points difliciilt of access by wired svs- 
terns Furthermore, since energ;^^ may be ra- 
diated in all diiections m space, broadcasting 
to large numbers of persons is simpler. Ra- 
diated electromagnetic wave's can be used for 
communication purposes in three w^ays First, 
they may be used to create a monotone sig- 
nal of dots and dashes comprising a code. 
This is radio telegraphy. It has certain im- 
tiortant commercial and governmental uses, 
but is not suitable for broad eastinc, as it 
must be interpreted by trained operators 
Secondly, electromagnetic waves may be mod- 
ulated so that they carry the electrical equiv- 
alent of sound waves. At tlie receiver they 
are caused to reproduce the original sound, 
whether it w^as voice or music. This is the 
field of radio telephony and broadcasting. 
Thirdly, it is possible to transmit, by means 
of these waves, electrical pulses which will 
rc-create at the point of reception, a scene 
which originated at the transmitter, wdth ac- 
companying sound. This is television. 


RADIO COMMUNICATION CIRCUIT. A 
radio system for carrying out one communi- 
cation at a time in either direction between 
tw'o points. 

RADIO COMPASS. I'his is probably the 
most lousi'Iy used term in all navigation. 
When the loop antenna was first ajiplied to 
the determination of radio bearings, the tenn 
radio-comjiass station was applied to shore 
installations that w’oiild forw^ard, on request, 
the bearing of a shin from the station. Next 
the term was applied to a group of shore in- 
stallations, each equipped w’ith a loop an- 
tenna, from which the navigating officer of a 
sliip wdthin range could obtain the latitude 
and longitude of his ship. After the loop an- 
tenna and receiving sets had been developed 
to a s^ate where they could be carried by the 
ships themselves, the term railio compass was 
applied to tlie li»op. As new and improved 
radio equipment became available, the term 
radio comjiase was successively applied to 
any radio device that could be used to deter- 
mine bearing A glance tliroiigh any textbook 
on navigation, particularly tho<^e dealing with 
air navigation, wdll yield at least twm, and 
sometimes as many as five, different instru- 
ments for the name radio compass. 

RADIO COMPASS, DUAL-AUTOMATIC. 
A ))air of direction-finders, with a common 
azimiilh-indicator having a pointer for each 
direction findc'r, for the purjiose of indicating 
the hearing automatically. 

RADIOELEMENT. A form or sample of an 
element containing one or more radioactive 
isotopes. The firefix radio before the name 
of an element indicates a particular radio- 
element, as radiocarbon, radiolcad. To avoid 
ambiguity, the jirefix radio should not be used 
to imlieate radiogenic, thus, radiolead should 
not be used as a synonym for radiogenic lead. 

RADIO FADE-OUT. See fading. 

RADIO FIELD INTENSITY. See radio 
field strength. 

RADIO FIELD STRENGTH. The electric 
or magnetic field strength at a given location 
resulting from the passage of radio waves. 
In the case of a sinusoidal wave, the root- 
Tnean-sipiare value is commonly used. Un- 
less otherwise stated, it is taken in the direc- 
tion of maximum. 
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RADIO FIELD TO NOISE RATIO. The ra- 
tio of the field strength of the desired wave 
to the field btrength of the noise, measured 
at a given location. 

RADIO FIX. A radio bearing or bearings 
to determine geographical position. 

RADIO FREQUENCY. A frequency at 
which coherent electromagnetic radiation of 
energy is useful for communication ])urposes 

RADIO-FREQUENCY ALTERNATOR. A 

rotuting-type generator for producing radio- 
frequency power. 

RADIO-FREQUENCY PULSE. See pulse, 
radio-frequency. 

RADIOGENIC. Produced by radioactive 
transformation Thus, uranium minerals 
contain radiogenic lead and radiogenic he- 
lium. The heat producecl within the earlli 
by the disintegration of radioactive nuclides 
is known as radiogenic heat. 

RADIOGRAPHY. Photography by x-ray 
radiatjon or by liie y-rays of radium or radio- 
active substances. 

In making radiograjihs, the x-rays emitted 
from the anode of the tube (see x-rays) are 
directed towardb the sul)jeet to b(' examined 
Upon roacfiing the subject some pass through 
while others, meeting ])arts of tlie subject 
which offer grcaitcr resistance, are absorbed 
wholly or partially. Tims a shadow of those 
parts of the subject which are more oparpie 
to the jiassago of the rays is east on the pho- 
togra])hie film and, iij^on dovelofimcnt, a 
shadow image of the variations in (he trans- 
panmey of tlie subject to x-ray radiation is 
obtained. This photographic image is termed 
a radiograph. 

While all photographic materials are sensi- 
tive to x-ray radiation, sjiccial x-ray emul- 
sions are availa])lc which are more sensitive, 
thus permitting shorter exposures, and have 
the high contrast necessary to differentiate be- 
tween slight variations in the absorjition of 
x-rays by different parts of the subject Such 
films differ from those used in the camera in 
having much thicker emulsion coatings; sen- 
sitivity to x-ray radiation depending largely 
upon the amount o' silver halide present for 
the formation of rm unage and not, as with 
light, on the sensitivity of the different grains 
of silver haliile in the emulsion. 


When the exposure must be kept as short as 
possible as, for example, in photographing or- 
gans of the body which cannot be immobil- 
ized, or thick sections, intensifying screens are 
used. These arc screens coated with a fluo- 
rescent substance, such as calcium tungstate, 
which convert some of the x-ray energy into 
ordinary light and so reduc(‘ th(‘ expi)surc 
Placed in contact with the photographic 
emulsion an intensifying screen may reduce 
the exposure to f'be exposure required by 
direct exposure to x-ray radiation. With 
thick metallic castings the reduction in expo- 
sure may in some cases reach Vioo- 

RADIO HORIZON. The locus of points at 
which direct rays from tlic transmitter become 
tangential to the earlh’s surface. On a 
spherical surface Ihe horizon is a circle. The 
distance to the horizon is affected by atmos- 
})heric refraction. 

RADIO INTERFERENCE. Any noise which 
interferes ^^iih the re(‘e})tion of a desired sig- 
nal. 

RADIOISOTOPE. A synonym for radioac- 
tive isotope. ^ 

RADIOLOCATION. A British term for 
radar. 

RADIOLUMINESCENCE. Luminescence 

as a result of radiant energy boinl)ar(lni(‘nt 

RADIO MARKER BEACON, v^ce marker 
beacon. 

RADIO MARKER STATION. See marker 
station. 

RADIOMETEOROGRAPH. A meteoro- 
graph utilizing small radio transmitters to 
sernl modulated signals which have equiva- 
lents in temperature, liumidity, and pressiu'e 
A balloon carries tlie meaMiring devices and 
the transmitter aloft to great altitudes. Four 
different methods of sending the signals arc 
used: (1) time-spaced signals, (2) audio-fr(‘- 
qucncy change, (3) radio-freciucncy change, 
and (4) codes. Measurements of tempera- 
ture, relative humidity, and pressure are in- 
troduced into the transmitter which transmits 
the measurements in tenns of a radio signal 
An electrical thermometer is generally used. 
The humidity element is usually a special hu- 
man-hair instrument (see hygrometer, hair) 
or an absorption instrument which utilizes 
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change in the electrical resistance of lithium 
chloride in a thin film on a tube. Pressure 
elements are generally aneroid cells. Fur- 
thermore, by tracking the patli of the radio- 
meteor()grai)h through the atmosphere, as 
witli a suitable direction-finder, information 
is obtained concerning wind velocity at vari- 
ous heights. 

RADIOMETER. An instrument for detect- 
ing, and usually also for measuring, radiant 
energy. Among the many types are the 
Crookes radiometer and the Nichols radiom- 
eter (these two h(‘ing somelimes called “vane 
radiometers”). In addition to these, the 
pyrheliometcr, the bolometer, the radiomi- 
crometer and the thermopile may also he 
classed as radiometers. 

RADIOMETER, ACOUSTIC. An instru- 
ment ior measuring sound intensity by doier- 
iiuning the unidirectional steady-state pres- 
Mire caused by the reflection or absor))tion of 
a ^ound wave at a boundary. 

RADIOMETRY. The uK'asiinMUcnt of radi- 
ant energy as \Mth a radiometer. 

RADIOMICROMETER. A n inst rument 
consisting ]U’iniaiily of an c‘\(rcmoly sonsi- 
tne thi'rm()(‘C)n])U', su».p('ii(l(Hl in a magnetic 
field, for mea'^urmg niimiU' \ anal ions in ra- 
diation 

RADIO NAVIGATION. I he use of radio 
aids to navigation foi clu'ckmg ihe dead- 
reckoning position of a sjup. Following a 
radio range, or using a radio compass, is in- 
cluded in the general subject of radio naviga- 
tion. 

RADIONUCLIDE. A nuclide which ex- 
hibits radioactivity, whether of aidificud or 
natural origin. also radioactive nu- 

clides, natural.) 

RADIOPAQUE. Impenetrable to radiation. 

RADIO-PIiOTOLUMINESCENCE. Lumi- 
nescence exhiliited by certain minerals as a 
result of irradiation with p- and y-rays, fol- 
lowed by exposure to light. 

RADIO PROXIMITY FUSE. A radio device 
contained in a missile to detonate it within 
predetermined limits of distance from a tar- 
get, by means of electromagnetic interaction 
with the target. 


RADIO-RANGE BEACON, EQUISIGNAL. 
See equisignal radio-range beacon. 

RADIO RECEIVER. See receiver (radio). 

RADIOSENSITIVE. Sensitive to radiation. 

RADIO SILENCE. See international radio 
silence. 

IL\DIOSONDE. An instrument which ful- 
fills the same functions as the aerometeoro- 
graph hut to much gj eater aliitude.s. A small 
pilot balloon carries the instrument aloft; a 
small parachute lowers it to earth again when 
the balloon Imrsts in the up])er atmospliere 
By means of a small clockwork motor and 
verv liglit weight radio-transmitting set, the 
iiulif*ations of instruments sensitive to pre-*- 
sure. ^m[)eratur(‘ and humidity are automati- 
cally transmitted at rc'gular iiiteiwals during 
Ihe flight. Tlu* signals froiii the radiosonde 
are rei*oiv(‘d and recorded on a special re- 
ceiver on tlie ground, and arc then translat(‘d 
into Headings of ]>ressure, temperature and 
Immidity at Ihe various altitudes. 

RADIO SPECTRUM. Sec spcch*um. 

RADIO TELEGRAPHY. Radio teh^graphy 
is that form of radio communication which 
utilizes the dots and cIhsIh'.s of a eo<le, com- 
monly the International code, t(^ transmit the 
inb'lhgenee. Basically the system involves 
sonu' generator of high-frequeney (radio-fre- 
quency) a-c wdiich ran he interrujited ac- 
cording to tiie code and which is fed to the 
tran.'-mitting antenna wdiere it is radiated into 
space, and a receiving system for picking up 
part of this radiated energy and converting it 
into an audible or visual reproduction of the 
original dots and dashes. Practically all 
])resent day radio tt‘lcgraph circuits employ 
continuous waves. 

At the lower radio frecpicneics the alternat- 
ing currents can be generated by special ro- 
tating machines, such as the Alexan^erson al- 
teinalor, and in fact w^ere so generated at 
fir.st. Now nearly all radio signals are gen- 
erated by vaciium-tulie circuits so we shall 
confine this discussion to them. Regardless 
of the fize or rating of the transmitting sta- 
tion, the high-frequency a-c originates in the 
oscillator. In ihe simplest transmitters the 
output of the oscillator may be connected di- 
rectly to the antenna but usually this oscil- 
lator outinit feeds an amplifier stage or stages 
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where the power is built up by the amplifying 
action of vacuum tubes and their associated 
circuits. Not only is the ])ower increased be- 
yond that which can satisfactorily be ob- 
tained from oscillators directly, but the char- 
acter of the transmitted signal is improved. 
The frequency of an oscillator varies with the 
voltage, with the load, etc , so by using a 
buflFer amplifier the frecjuency stability of the 
station is improved and this is reflected in 
more reliable reception and decreased inter- 
ference between stations. AVhcrc it is neces- 
sary to operate over a considerable range of 
frequencies the oscillator is .self-eontrollod, 
i e., its frequency may be varied by varying 
the tuning control just as is done in tlie famil- 
iar broadcast receiver, while for fixed-fre- 
quency operation the oscillator is preferably 
crystal-controlled. Often wIkto only h few 
fixofl operating frequencies are needed the os- 
cillator is still crystal-controlled with s(‘veral 
crystals which may be cut in by a selector 



switch. A simple radio telegraph transmitter 
is shown in Fig 1. Not only must the trans- 
mitter generate the necessary a-c power for 
the antenna but suitable means for intcriaipt- 
ing this to produce the dots and dashes of 
the code must be incorporated. While it is 
necessary in some types of service to stop tlie 
oscillation completely for spaces and hence 
becomes necessary to key in the oscillator, 
this produces some frequency drift and often 
an undesirable chirpy signal unless extreme 
care is taken in the design and operation of 
the transmitter. As a consequence of this ef- 
fect on the output signal, the keying is often 
done in one of the amplifier stages, the oscil- 
lator operating continuously but the keyed 
amplifier preventing the signals from reach- 
ing the antenna. The radio-frequency energy 
is radiated irto space by the antenna, the 
exact spatial distribution depending upon the 


antenna system which is often designed for 
the particular type of service. Many tele- 
graph stations employ directional antennae 
as most of their work is with fixed stations 
and docs not require general coverage. 

The receiving antenna intercepts the radio 
wave and hence has a very small voltage in- 
duced in it. This voltage is fed into the re- 
ceiver which involves some sort of selective 
circuit for tuning in the desired station, usu- 
ally one or more stages of amplification, a 
detector and an audio amplifier. The recep- 
tion of continuous wave signals by ear re- 
quires some means of converting the high ra- 
dio frequencies into an audible frequency. 
This is accomplished by heterodyning the in- 
coming signal with a slightly different fre- 
quency of locally generated a-c to produce 
an audible beat. This beat, upon detection, 
becomes an audio-frequency current wliich 
can o]>erate the diaphragm of tlie headphones 
or speaker to give a sound. This, of course, 
responds to Ihe keying of the original riulio 
wave. (See heterodyne and detection.) Fig. 
2 shows the wave forms produced in tliis de- 
tection process. ^ 



The simplest form of vacuum-tube receiver 
for this type action is the regenerative de- 
tector which serves as an oscillator and de- 
tector at the same time. The output may be 
fed directly into phonos. However, this has 
minor commercial apiilication, much more 
elaborate circuits being used in modern com- 
mercial receivers. Even where the regenera- 
tive detector is used it is usually preceded by 
a stage or two of tuned radio-frequency am- 
plification and followed by one or more audio 
amplifier stages. Such a receiver is shown in 
Fig. 3. The various tuned circuits are ad- 
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j unit'd so their response is a inaxiniiini at the 
iiecpiency of the station desired This gives 
th(* needed selectivity. After detection the 
audio signal i- built up by the aniiilifiers to 
dine a head-set or speaker. Much of the 
pi(“-('nt day n'ception is done with super- 
heterodyne receivers, a bcat-frociiiency oscil- 
lator being add('d to the basic circuit. This 
o‘-(‘illalor IS fix-tuned to the intermediate fro- 
(lueney plus, lot us say, 1000 cycles and its 
()iit]iut mixed with the intermediate frequency 
output at tlic detector. The n'sult is the 
lOOO-cyclo beat note Other refinements in- 
ehid<‘ crystal filter circuits to cut out inter- 
hicncc from st.Mtions on almo-«t the -ame fre- 
f|iiency as the desired one 

Manual ofieration of the radio telegraph 
employing a hand-o]ierated kvy at the tians- 
rnitting end and earjihones at the ri'ceiver, is 
satisfactory for a great many services How- 
ever, there are instances where limitations in 
speed of transmission of messages, caused by 
the inability of ev(*n trained and competent 
oyierators to receive more than ayijiroximau^’'^ 
10 words per min, do not fully develop the 
possibilities of either the investment or of the 
channel allotment. Particularly, in point-to- 
point commercial wireless telegraphy auto- 
niatic transmitting and receiving equipment 
is justified. In one system the message is 
typed out on a machine having a keyboard 
similar to a standard typewriter. Operation 
of this machine perforates a roll of paper 
which is then fed into an automatic trans- 
mitter, in which the perforations in the tape 
create an action which takes the place of the 
manual keying of the hand-operated trans- 


mut(‘i^ Since the perforation of the tape and 
its usr occur in two diffeMaii machin(‘s there 
necfl not he any ''(yuality of the speed of per- 
foiating tlie roll and the spi'ed vMth which it 
is then ted through the automatic transmitter. 
Several perforating machines might be em- 
ployed to suyiply m(‘ssagcs to one automatic 
transmitter, so the limitations imyiosed by an 
oi)era tor’s speed of typing need not affect the 
transinitter. As a result, tlie latter can be 
made to transmit over 200 words per min. 
This greatly increases the use to which a 
])oint-to-point wireless telegraph system may 
ho put Naturally, reception of such high- 
speed Signals must also be the function of a 
machine A commonly insed systian has an 
ink recorder in wdiich movement of the pen is 
conti oiled by the incoming signal, and a rec- 
oid ol dots and dashes is made upon a con- 
tinuous roll of paper. Operators may then 
transcribe this ink record into tlie original 
message. 

RADIO-THERMOLUMINESCENCE. Lu- 
minescence oxhihiled by ccidain substances as 
a result of irradiation by /?- and y-rays, fol- 
lowed by heating. 

RADIO TRANSMITTER. See transmitter, 
radio. 

RADIOTHORIUM. A thorium isotope of 
mass number 228, produced naturally by 
/^-decay of actinium 228 (rnesothorium II). 
Radiothoriiim emits a-particles (half-period 
1.90 years) to give radium 224 (thorium X). 

RADIO WAVE PROPAGATION. The 

transfer of energy by electromagnetic radia- 
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tion at frequencies lower than about 3 X 10^“ 
cycles per second. 

RADIUM. Radioactive element. Symbol 
Ra. Atomic number 88. 

RADIUS, FOCAL. See ellipse; hyperbola. 

RADIUS OF GYRATION. The radius of gy- 
ration of a mass in res])ect to a particular 
axis is the square root of the quotient of the 
moment of inertia divided by th(' It 

is the distance at which the entire mass must 
bo assumed to l)e concentrated in order that 
the product of the mass and the s{juare of thi^ 
distance will ecpial the moment of inertia of 
the actual mass about ttie gi\en axis. The 
numerical value of the radius of gyration, /;, 
is given by the following formula in which / 
is the moment of inertia and il/, the ma^ss 



The radius of gyration of an area is similar 
except that the moment of iiu'rtia of the area 
is involved. (See inertia, products and mo- 
ments of.) 

RADIUS OF THE UNIVERSE. The length 
U - cT wliere T - 5 X KV’ years is the recip- 
rocal of the Hubble constant, i? is thus of 
order K)-’^ em In some cosmological models, 
R is ai)proximat('ly the mean radium of eiir- 
vature of the universe. 


RADIX (OR BASE) (OF THE POSITIONAT, 
NOTATION SYSTEM OF NUMBERS). The 

nit('ger of wliose siicee^sivt' powtu-s the digits 
of a number are the coefficients. Symboli- 
cally: 




is written 


+ a_ir ^ + a_2r ^ • 


• • * Q20\CIq.(1 jfl 2 ’ * ’ 


where r is the radix and the a* are tlie integers 
0 ^ a, ^ r — 1. For example, in the number 
TT written in the common ch'cimal system, we 
have: 


r = 10; • • • a 2 = oi = 0; ao = 3; 

Q 1 = 1 ; tt_2 = 4 * • *, 

RADIX POINT. Tt' index wdiich separates 
the digits associated with negative powers 
from those a.^sociated with the zero and posi- 


tive powers of the base of the number system 
in wdiich a quantity is represented. For ex- 
ample, binary point, decimal point. 

RADOME. A dielectric housing for an an- 
tenna. 

RADON. Radioactive gaseous element, for 
which the name emanation is also used. Sym- 
bol Rn. Atomic number 86. 

RAIES ULTIMES. See persistent spectrum. 

RAIN. Liquid water drops ranging in diam- 
c‘t(‘r from 0.5 mm to ajiproximately 5.0 mm, 
usually falling v\ith velocities ranging from 
3 m per see to 8 rn per see. Rain is the most 
common type of precipitation. 

RAINBOW. Looking into a sjiray or mist 
which is illuminated by strong white light 
from hehinfl his owm back, an observer tees 
one and sometimes two sets of concentric, 
s]u*ctrally (‘olored rings, called a rainbow. If 
two aix' visibh*, the inner, called the “primaiy 
how,^^ is hrigliter and narrower than the outer 
or ‘Secondary bow.” In the primary, the red 
is on the outside edge and violet on the in- 
side; tiu* order in (he secondary being 41ie r(‘- 
verse of this The colors are not so ])ure a^ 
in a spectrum, h(‘cause eacli wavelength ex- 
tends over a wirle radial range, tlie lainbow 
itself being made up of the fairly pronounced 
intcusitv maxima. 

The colors of the rainbow are caused by the 
refractive dispersion of tlie spherical wat(‘r 
drops. Figs. ] and 2 show, resjiectivcly, tlie 




Foimation of pi unary bow Cleft) and secondary bo^\ 
(ri(?ht). Circles represent ramdroi^s 

dispersion composing the primary and the 
secondary how. The figures also explain why 
the order of colors is reversed, and show that 
only the highest drops in the primary and 
the lowest in the secondary refract red light 
to the eye. The two internal reflections, with 
consequently greater loss of light, explain 
wdiy the secondary how is fainter. Tlie center 
of the ring system is exactly opposite the 
source of light; so that natural rainbows are 
seen only when the sun is near the horizon, 
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unless the observer is elevated high above the 
surrounding country and can look o))liquely 
downward into the rain. 

RAMAN EFFECT. A phenomenon involved 
in ihc scattering of light from the molecules 
of transparent gases, liquids, and solids; dis- 
covered by the Indian physicist, C. V. Raman, 
in 1928. It consists in the appearance of ex- 
tra spectrum lines in the vicinity of each 
prominent line of the spectrum of the inci- 
dent light. For example, if liglit from a mer- 
cury arc shines into carbon tetrachloride 
(CCI4, a li(piid), some of the violet lines in 
the scattered light, especially" the one at 4:i.')S 
angstroms, have associated with them a fairly 
distinct “Raman spectrum,” consisting of 
several lines, some of which are of longer, 
some shorter, wavelength than th(' much 
brighter, unaltered line. The short ( t, usually 
faint lines, are called “anti-Stokes” lines. 'Plie 
Raman spectrum for a given line is charaet(‘r- 
istic of the scattering substanec, and is made 
11 ]) of lin(‘s somewhat more diffuse, or 
“broader,” tlian tlie corresponding incident 
line. Wat(‘r gives broad bands. The phe- 
nomenon extends into the x-ray ngion, and 
is somewliat analogous to the Compton ef- 
fect, in whicli, howevc'r, th(‘ scattering par- 
ticles are electrons insti^ad of molecules. The 
Raman effc’ct is e\])lainorl as being a change 
m fre(]uen(‘y of the incident laadiation due to 
a change in rotational or vibrational energy 
of the scattering molecules It is, tluTcfore, 
useful in studying molecular structure and 
behavior. 

RAMSAUER EFFECT. A b(>am of electrons 
vith energies below a certain critical value is 
attenuated very little on passage through any 
of the inert gases. Through other sul)stanees, 
tlie absorjition of slowly-moving electrons' is 
normal. 

RAMSAY AND SHIELDS MODIFICATION 
OF EOTVOS EQUATION. Ramsay and 
Shields found tliat at temperatures not too 
near the critical point the molar surface en- 
ergy could be expressed in the form: 

- /r(/, - i - (S) 

where y is the surface tension of a li(]iiid and 
is its specific volume, both at temperature 
^ AT is its molecular weight, is its critical 
temperature, and fr is a constant. 


RAMSAY-YOUNG RULE. An empirically 
derived relationship between tw'’o sets of tem- 
l^oratures at which two chemically-similar 
licjuids have the same vapor pressures of the 
form : 

T,/T2 = 7 ^ 17 ^ 2 ' 

m which and Tn arc temperatures at which 
two similar liquids have the same vapor pres- 
sure P, and and T-/ are temperatures at 
MhicK the substances have the same vapor 
]>re‘-sure P'. This : elationsliij) is useful in 
com])aring va])or )>ressures at diffiTent tem- 
peratures, and boiling points at different pres- 
sures, of similar compounds. 

RAMSDEN CIRCLE. If a telescoiie is fo- 
cu.scfl for infinity, and pointed toward a 
bright sky, \\hil(' a sheet of white paper is 
held near the ('vepicce, a sharp, bright circle 
of light (the i\\i })U])il), calk'd the Ramsden 
elide can he found. The diameter of this 
circle divided into the diameter of the ob- 
jective lens gives the magnification of the 
tele.scoiic. 

RAMSDEN EYEPIECE. See eyepiece, 
Ramsden. 

RANDOM COINCIDENCE. See coinci- 
dence. 

RANGE. 1 1 ) 4'he dn^tance tiiat a |)article will 
penetrate a gi\en subst.ance before its kinetic 
energy is reduced to a value below which it 
can no longer iiroduce ionization. For a 
heavy ion, such as a proton 01 an a-particle, 
tlie range usually refers to the component of 
disj)lacenient in tlie initial direction; it is only 
slightly shorter than the jiath lengtli, or di^- 
tanee measured along the track of the par- 
ticle For a meson, v\hose track sliows mod- 
erate defied ions near thi' end, the range usu- 
ally rcfer.s to the ])alii length For an elec- 
tron, whose track may he iiuite tortuous he- 
caii'-e of freqiK'nt (h'flections, the range usu- 
ally refers to the gn'atest distance of pene- 
tration in a s])eeified direction; this distance 
may he eondderahly shorter than the path 
length. The residual range is the distance 
over which the particle can still produce ioni- 
zation after having already lost some of its 
energ>" in pa^>ing through matter. Because 
of the phenomenon of sti*aggling, particles of 
a given kinrl and of the same initial energy 
do not all have the same range. For heavy 
ions, the ranges are distributed, in a manner 
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similar to the nonnal probability distribu- 
tion, about the mean range, or range that is 
exceeded by half of the particles. The ex- 
trapolated range is the intercept on the range 
axis of a straight line drawn through the 
descending portion of a numbers-vei bUs-range 
curve for initially inonoeiiergctic particles; 
it exceeds the mean range by a few per cent. 
The maximum range for a group of ionizing 
particles is the greate-^t distance in a ^speci- 
fied direction at which their ionization can 
be detected. The linear range is the range 
expressed in units of length. The mass range 
is the range exiiressed in units of surface 
density; it is thus the mass per unit area of a 
layer of thieknesh e([ual to the linear range, 
and is equal to the jiroduet of the linear range 
and the density of the ‘substance. (See Bragg 
curve.) (2) In ballisties, the horizontal com- 
ponent of the dis])la(‘emeni of a projectile be- 
fore' it strikes tlie ground. 

RANGEENERGY RELATION. The rela- 
tion, usually exiiK'ssed in the form of a graph, 
between the range of particle's of a give'n type' 
and initial kinetic eneu’gy and (he energy. 
For a-partick's and similar heavy ions, the 
range involved is usually the me'an range, 
mo«t commonly in dry air at 15®(' and 1 atm 
For electrons, it is usually the ma\imum 
range, most commonly in aluminum. For 
/3-parliclcs the energy in^olved is the maxi- 
mum kinetic energy of the' p-parliclc spec- 
trum. 

RANGE, VISUAL. The value of the range' 
of /^-particles in an absorber, usually alumi- 
num, estimati'd by visual inspection of breaks 
in the aluminum absorjition curve. (Cf. 
Feather analysis.) 

RANK. (1) A matrix or determinant is of 
rank n if it contains at least one non-vanish- 
ing deU'rininant of order 7 \ ])ut all of its higher 
order determinants eepial zero. (2) A sys- 
tem of homogeneous linear equations is of 
rank n if the matrix of its coefficients has that 
rank, (3) Wlicn used with reference to ten- 
sors of (limeribion m the rank is n if the tensor 
has components. A tensor of rank zero is 
a scalar or invariant; one of rank unity is a 
vector. (4) The number of independent cut- 
sets that can be seicled in a network. The 
rank J? is equal to ^iic number of nodes, F, 
minus the number of separate parts P. Thus 
R = y - p. 


RANKINE APPARATUS FOR GAS VIS- 
COSITY. A capillary tube and a wider tube 
containing a small pellet of mercury are ar- 
ranged side by side and connected at top and 
bottom The tubers are inverted, and the 
pellet slides down the wider tube, forcing gas 
through the lower end of the tube, through 
the capillary, and back into the upper end 
of the wider tube. The viscosity is found 
from the time of fall of the drop between two 
points, and the radii of the tubes. This is a 
convenient method for comparing viscosities 
of differc'nt gases, or variation of viscosity 
with temperature 


RANKINE CYCLE. Rankine's modification 
of the UaiTiot cycle is the basis of the modern 
steam ])lant cycle even though tlie Rankine 
cycle ikclf has been modified and changed 



with the pa^^Hig ol tmu' The eleuients of the 
Rankme \a])()r c\ch' are slumn m Fig fa) 
It eoH'-ists e-«s( ntiallv of a boiler which re- 
ceives feed water Irom a pump, a pimir mover 
to expand tlie steam adiabatically, a con- 
denser To leeeive the exhaust steam troin the 
engine and reduce it to wa(('r, and a piimii 
to overcome the })rpssure dilferenee between 
boiler and eon(i('ii^('] Fig-^ (l>) and (e) show 
this cycle on the ])rcsbure-v()liime and tera- 
perat ure-enfropv planes 


RANKINE TEMPERATURE SCALE. A 
temperature scale wdiieh corresponds to tlie 
Kelvin scale, but is based on the absolute 
zero ol the Fahrenheit system, so that 0° 
Rankirie -4r)9.(i9'^F. 


RAOULT LAW. The vapor pressure of a 
solution is given by 

V = Vi)^ 

where po is the vapor pressure of the pure 
solvent, and x is the mole fraction of solvent. 

RAPHAEL BRIDGE. A fonn of Wheatstone 
bridge used to dotomine the position of a 
fault on a telephone line or cable. 
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RARE EARTH. An oxide of one of the rare 
earth metals (see element, rare earth) or a 
mixture of such oxides. 

RAREFACTION, ACOUSTIC. The local de- 
crease in density due to a passing sound wave. 

RAST METHOD. See freezing point depres- 
sion measurement. 

RASTER. In television, a predetermined pat- 
tern of scanning lines which provides sub- 
stantially uniform coverage of an area. 

RAT RACE. A hybrid ring. 

RATE OF DECAY OF SOUND. The time 
rate at which the sound pressure level (or 
velocity level, or sound-energy density level) 

is decreasing at a given point and at a given 
time. The i)ractical unit is the decibel per 
second. 

RATING, CONTINUOUS-DUTY. The rat- 
ing applying lo oiieralion for an indefinitely 
long tinu'. 

RATING, INTERMITTENT - DUTY. Tlie 
speali(‘d output rating of a device when oper- 
aied for S])ccifi(‘d intervals of time other than 
continuous duty. 

RATIO. The indicat (‘d quotient of iwo num- 
bers frequently cxiircsscd as a fraction and 
written as a:h, a/h, or a ^ b, (See also pro- 
portion.) 

RATIO DETECTOR. See detector, bal- 
anced. 

RATIONAL. Ajipliod to an expression which 
involves the variable m only the rational 
oi)erations of addition, subtraction, multipli- 
cation, division, and raising to powers with 
constant integral exponents. Rational func- 
tions are divided into two siih-classes: rational 
integral functions or polynomial functions, 
and rational fractional functions. 

RATIONAL ACTIVITY COEFFICIENT. 
The activity coefficient derived from the 
Debye-Hiickel theory of electrolytes. 

RAY. The direction of propagation of elec- 
tromagnetic waves; a line constantly perpen- 
dicular to the wave fronts. Rays are straight 
lines in homogeneous media, but may be bent 
at interfaces between different media, and 
curved in non-liomogeneous media. Even a 


suflBciently-intcnse gravitational field may 
bend rays slightly. 

RAY ACOUSTICS. The analysis of acous- 
tical problems under the assumption that 
sound travels along straight lines or rays in 
passing through hf)mogeneous material. Dif- 
fraction effects are neglected. The methods 
of ray acoustics are ap})licable only if the 
state of the medium and the boundaries of the 
medii'in change only slightly over a distance 
equal to the sound wavelength. 

RAY, ACTINIC. A misnomer for actinic 
radiation, i.e., for ladiation, paHicularly in 
the uKraviolel, having pronounced chemical 
or biological effects. 

RAY, ALPHA. See a-ray.s. 

RAY, BETA. See p-rays. 

RAY, BECQUEREL. Sc^c B'ecqucrel rays. 

RAY, CANAL. See canal rays. 

RAY, CATHODE. Sec cathode rays. 

RAY, CHIEF. Se e chief ray. 

RAY, COSMIC, S('c cosmic rays. 

RAY, EXTRAORDINARY. See discussion of 
ray, ordinary, and of double refraction. 

RAY, GAMMA. See X rays. 

RAY, INFRARED. A Tnisnomer for infrared 
radiation (see radiation, infrared), i.e., for 
electroinagnetir v/ues in the wavelength re- 
gion 0 78 to 800 microns. (The upper limit 
is often considered to he as high as 1000 
microns.) 

RAY, ORDINARY, When light is incident 
<»l)hquely on an anisotropic crystal or other 
douhie-refracling medium and is split into 
two components, the ray wliich is deviated at 
an indc'x of refraction independent of the 
angle of incidence is the ordinary ray. The 
olher ray, the extraordinary ray, has an index 
of refraction that varies with the angle of 
incidence. 

RAY(S), PARALLEL. Rays from a very dis- 
tant point roach an optical v<ystem as parallel 
rays: Hence any bundle of rays parallel to 
each other, and, particularly, parallel to the 
oj)tical axis of an optical system. 

RAY(S), PARAXIAL. Rays sufficiently close 
to parallelism with the optical axis of a sys- 




Ray, Roentgen — Rayleigh Line 


748 


tem that, for the purjioses of the computation 
being made, the angles lietvveen th(j rays and 
the optical axis are so small that sin 0 may 
be replaced by 0. 

RAY, ROENTGEN. Sec x-rays. 

RAY(S), SKEW. KayvS that are not confined 
to a meridian plane do not intersect the 
optical axis, and are diflHciilt to trace. 

RAY TRACING. It is not practicable to set 
up completely accurate equations to describe 
an image in terms of the object and optical 
surface. However, it is possible io trace a 
ray from a point on an object through an 
optical system which lias only spherical tor 
plane) interfaee^, with complete accuracy. 


one pattern falls on the first minimum of the 
other pattern. For circular optics, this occurs 
when the angular separation of the point ob- 
jects as seen from the objective lens of the 
system is 

1.22X 

0 

a 

Here A is the wavelength of the light and a 
is the diameter of the objeidive lens. (See 
Robertson, Inirodyction io OptiCH, Fourth Ed., 
pages 207 ff.) 

RAYLEIGH DISK. A spc’cial form of acous- 
tic radionu'ter (sec radiometer, acoustic) 
which is used for the tundaiuerital measure- 
ment of particle velocity. (St'C velocity, par- 
ticle.) 



the four conventional eciuations are 


sin i == - - sin 0 

R 


n 

sin r = - sin i 
n' 


e' ^ r + 6 -i 


N' = R - R 


sin r 
sin S' 


RAYLEIGH DISTILLATION. A simi)le dis- 
tillation, wherein the corn] )o^it ion of the resi- 
du(‘ changes continuously during th(‘ course of 
the distillation Hy analogy, any process 
which follows the same matheiuatieal rela- 
tion.shi]). 

RAYLEIGH GENERAL PRINCIPLE OF 
RECIPROCITY. See rcciprocit}' theorem, 

RAYLEIGH-JEANS EQUATION. From the 
stv'indpoin^ of statistical mechanic^, using the 
tlK'orem of tlu* ecpiipartit ion ot energy, Ray- 
leigh and Jeans obtained 

clEx - 2TrckT\-\l\ 

for the spectral distribution of the radiation 
from a black body. This formula agrees wdth 
ex})crimcnt only at long wavelengths, and 
fails completely at ^hort wavedengths. (See 
the Planck distribution formula for the true 
spectral distribution ) 


(See also .sign convention (lenses and 
mirrors).) 

More complicated methods are needed for 
skew rays (see rays, skew). 

RAY, ULTRAVIOLET. A misnomer for 
ultraviolet radiation (see radiation, ultravio- 
let) in the wavelength band between x-rays 
and violet visible light. 

RAYLEIGH CRITERION OF RESOLVING 
POWER, The inv. ge of a point object as 
seen by any optical -lystcm is a diffraction 
pattern. The images are commonly said to 
be resolved when the principal maximum of 


RAYLEIGH LAW. For small magnetization, 
the induction may be approximated by 


yielding 


R = Mo// + ^//" + • • • 


g = AtO + ^'/Z 


where fi is the nonnal permeability, and mo 
the initial permeability. (See permeability, 
normal and permeability, initial.) 


RAYLEIGH LAW OF SCATTERING. See 
discussion of scattering, Rayleigh. 


RAYLEIGH LINE. That component of a 
spectrum line in scattered radiation which has 
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Rayleigh Loop — Reactance Tube 


the same frequency as the corrcspcmding inci- 
dent radiation, arising simply from ordinary 
or Rayleigh scattering, not from the Comp- 
ton or the Raman effect. 

RAYLEIGH LOOP. A parabolic aiiproxima- 
tion to the hysteresis loop 

B = (mo + ± - H -) 

where I I - ±Hm at the tips of the loop. (See 
also the Rayleigh law.) 

RAYLEIGH NUMBER. The (iiiantity (R 
(irfinod for the fliiid-fillod space between two 
parallel horizontal planes as 

a{0i — 62) gd^ 
m = — . 


REACTANCE. The imaginary part of im- 
pedance. Thus if Z = i? + jXj the reactance 
is X. 

REACTANCE, ACOUSTIC. The imaginary 
eoniponent of tlie acoustic impedance (sec 
impedance, acoustic). The commonly used 
unit is the acoustical ohm. 

REACTANCE, INTRINSIC (it). The irnag- 
inaiy^jiart of intrinsic impedance. (See im- 
pedance, intrinsic.) 

REACTANCE, MECHANICAL. The imag- 
inary jiart of the mechanical impedance. The 
unit is llie meeham(*al ohm. 

REACTANCE MODULATOR. See modu- 
lator, reactance. 


where a is tlie coefficient of thermal expansion 
of the fluid, 0^ - ^2 (he difference of tem- 
licratiire hetweem tlie hot tom plane and the 
top ])lani', {) i^ the acc(‘leration due to gravity, 
ri is the separation of the planes, v is the 
kinematic viscosity, A is the tlicrmal conduc- 
tivity. ('onvection cniTcnts appear only whvn 
the kayleigh iiumher exceeds a critical \alu(‘. 
For rigid jilanes. tlic critical Tlayleigh iiuiu- 
hcr is of ord(T 1700 

RAYLEIGH RADIATION LAW. See Ray- 
leigh- Jeans equation. 

RAYLEIGH REFRACTOMETER. See' re- 
fractometer, Rayleigh. 

RAYLEIGH-RITZ METHOD. Variat iemal 
principle for the solution of the eigenvaliK* 
equation Aip = (A, B ojierators) based on 

taking as a trial function a linear combination 
of a eoinplete set of functions, with coefli- 
cients whicli are to be varied to give tlie cor- 
rect solution. 

RAYLEIGH SCATTERING. S(’c scattering, 
Rayleigh. 

RC CONSTANT. Sec time constant 

RC COUPLING. See amplifier. 

RCM. Abbreviation for radar counter meas- 
ures. 

R-C OSCILLATOR. See oscillator, R-C. 

RDF. Abbreviation for radio direction-find- 
ing or radiolocation (British). 


REACTANCE, SPECIFIC ACOUSTIC. The 

imaginary component of the spt'citic acoustic 
imjiedance. (See impedance, .specific acous- 
tic.) 

REACTANCE TUBE. A vacuum tube oper- 
ated in such a way that it prc“^en1s the char- 
act eri‘-li(‘s of a reactance to the rest of the 
circuit. As U'aciaiice takes a euireiit ^\hich 
i"- ('^scntially out of iihase with the voltage 
il is nee(‘''sary that the tube do tlie same. 



Iteierence to the circuit will indicate one 
method of connecting it to accomplish this. 
The grid cxeit(*d by a voltage obtained from 
the plate voltage by the resistance-condenser 
circuit (the condenser connect ed to the cath- 
ode is merely a d-e blocking condenser and 
is a value which produces no other appreciable 
effect). The resistance-condenser circuit ap- 
plies a voltage to the grid which is nearly 90° 
out of phase with the plate voltage. Since, 
in a pentode, the plate current is in jihase with 
the grid voltage, this means that the plate 
current (a-c component) is 90° out of phase 
with the jdate voltage, thus the plate circuit 
has the desired reactance characteristics. The 
advantage of the tube over a conventional 
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reactance is that the magnitude of its re- 
actance effect may be easily varied by ad- 
justing the d-c bias applied to the grid. The 
circuit shows the tube connected as part of 
the tuning cajmeity of an oscillator. By vary- 
ing the grid biavS (hence the gain) of the tube 
the tuning of the oscillator is varied. This is 
used in many fn’queney-modiilation trans- 
mitters to give the frequency modulation In 
this application a suitable audio signal is fed 
to th(‘ grid of tlic reactance tu))e so its reac- 
tance effect will vary with the audio and hence 
frequency modulate the oscillator. It is also 
used in fre(|uency-stabilizirig circuits where 
the deviation from flic desired frequency is 
made to vary the grid bias of tlie reactance 
tube and hence correct the oscillator fre- 
quency. 

REACTION. (1) In general, a res])()n‘^e sucli 
as the equal and Ojiposite force which, necord- 
ing to the Newton Third I. aw of Motion, re- 
sults when a force is applied to a material 
system. Specitically, tlu‘ force exerted by the 
su])ports or bearings on a load(Hl mechanical 
system. (2) A term sometimes u.sod tor r(‘- 
generation (see feedback, positive). (3) A 
chemical cliange. Spi'cifioally, a change by 
wliich one or more substances au‘ trau'-formed 
into one or more entirely new siilistaiicc'-, the 
process being accompanied liy a cliange in 
energy, but not, in most ca^es, hy a change 
in the total mass of the system. Radioactive 
reactions, however, both natural and artificial, 
do involve a cliange of tlu' mass of the sys- 
tem, which is acconijianied ))y a release of 
energy, opposite in sign to the cliange in mass, 
and equal to its magnitude multiplied by the 
square of the velocity of liglit. 

REACTION ENERGY, NUCLEAR. (1) The 
disintegration energy of a nuclear reaction; 

symbol Q. It is equal to the sum of the ki- 
netic or radiant energies of the reactants 
minus the sum of the kinetic or radiant en- 
ergies of the products. (If any product of a 
specified reaction is in an excited nuclear 
state, the energy of subse(]iiently emitted y- 
radiation is not included in the sum.) (2) 
Often, implicitly, the ground-state nuclear re- 
action energy, which is the reaction energy 
when all reactant and product nuclei are in 
their ground states, symbol Qq. 

REACTIVATION OF A FILAMENT. As 

applied generally to the thoriated-tungsten 


filament, the process consists of applying 
higher than rated filariamt voltage for a short 
period, in order to create a fresh layer of 
thorium on the emitting surface. 

REACTIVITY (NUCLEAR REACTOR). A 

measure of tlie departure of a reactor from 
critical, such that jiositive a allies of reactivity 
correspond to reactors above critical and nega- 
tive values to reactors below critical. Often 
rejiroenled l)y (a) the multiplication constant 
minus one, (b) a (]uantity iiroportional to the 
inverse asymptotic period. Sometimes used 
in1er(‘hangeal)ly with the t(*rm multiplication 
constant. (See inhoui ) 

REACTOR. (1) A nuclear reactor is an ap- 
paiatiis ill which nuclear fission may be sus- 
tained in a self-supiiorting chain reaction. 
The term naictor may he modifii'd hy the 
wonK tliermal, epithermal, intermediate, or 
fa^t to indicate the jiredominant ('niTgy of 
the luaitron^ causing fis-^ion It may al^o he 
modilied by the (('rms lieterogiaieou^ or homo- 
geneous to eliarart(Ti/.e the det ailerl struc- 
ture The reactor includes fis^^ionahle mate- 
rial (fuel) such as uraiihiiii or jiliitoiiitftn, and 
moderating material (unless it i<- a fa^^t re- 
actor) and usually includes a i’cnirtor to con- 
serve escaping neutrons, [irovi^ion for heat 
removal and measuring and eontiol elements. 
The terms pile and re/ictor have been used 
iiitercliangeahly, with reactor now becoming 
moie common They usually are ajiplied only 
to systems in wdiich the reaction proceeds at a 
controlled rate, but they also liaAC been ap- 
plied to bombs. Reactors sometimes are 
designated according to tlie modiTator used 
(e.g., grapliite or beryllium reactor), or cool- 
ant (e.g., gas-cooled, li(]uid metal cooled). 
(See fuel; moderator; reflector.) (2) A device 
the piimary purpo.se of whhdi is lo introduce 
reactance into a circuit. K.g , a capacitor 
(electrical) or a choke coil. 

REACTOR, BARE HOMOGENEOUS 
THERMAL. A nuclear reactor in which the 
fissions are induced hy thermal neutrons, the 
fuel being homogeneously distributed through- 
out the moderator, with no reflector. 

REACTOR, CRITICAL ASSEMBLY OF. An 

as.seml>ly of moderator and fuel which is 
either subcritical or just critical, used to study 
the properties of system and to determine 
critical size, etc. 
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REACTOR, CRITICAL THICKNESS OF 
INFINITE SLAB. The thiekness which 
makes the geometric buckling (see buckling, 
geometric) equal to the material buckling. 
(Sec buckling, material.) 

REACTOR, EXPERIMENTAL BREEDER 
(EBR). A fast heterogeneous reactor used for 
research and breeding. Its core consists of 
enriched surrounded by a “blanket” of 

natural uranium. 

REACTOR, HETEROGENEOUS. A nuclear 
reactor in which the fuel is distributed 
through the moderator (or vice versa) in the 
form of discrete lumps. 

REACTOR, HOMOGENEOUS. A nuclear 
reactor in wdii^di the fissionable material and 
moderator (if used) are conihiiied in a mix- 
ture such that an effeci ivoly-homogeneous 
UH'dium IS presi'nted to lh(' neutrons Such a 
mixtun* is reiiresented eitliiT liy a solution of 
fuel in moilcrator, or by discrete particles 
having dimensions small in comparison with 
1hi‘ neutron mean free path. (('f. reactor, 
heterogeneous. ) 

REACTOK(S), IMAGE. If the nadliod of 
images is used in suKing the criiicalitv eejua- 
tions for a micl(‘ar reactor, the mathemati- 
cally introduced new reactors are called image 
reactors 

REACTOR, INTERMEDIATE. A nuclear 
reactor in wdiich fission is induced jiredotni- 
naiitly by neulroiis wutli energies greater than 
tluTinal but less than those of fission neutrons. 

REACTOR, LIQUID METAL FUEL 
(LMFR). A ])ro])osiHl reactor winch w’ould 
u.so a solution of uranium in liquid bismuth 
as fuel. In one munioti the fuel would be 
circulated through a graphite .structure w'hich 
W’ould sujiply the moderation. 

REACTOR, MATERIALS TESTING. A 
nuclear reactor designed for the purpo.se of 
testing materials and equipment under high 
radiation fields. 

REACTOR, MULTI-GROUP TREATMENT 

OF. A treatment of nuclear reactor theory in 
which the neutron energy spectrum is con- 
sidered as being made up of a number of 
energy groups. 


REACTOR, ONE-GROUP THEORY OF. A 

treatment of nuclear reactor theory in which 
it is assumed that the production, diffusion, 
and absorption of neutrons occur at a single 
energy, the thermal energy. 

REACTOR(S), PERTURBATION THEORY 
APPLIED TO. The effect of changes in a 
nuclear reactor structure resulting, for ex- 
ample, from local] zf^d poisons or temperature 
change's may be determined by means of per- 
turbation theory. 

REACTOR, POWER. A nuclear reactor de- 
signed principally for the economical produc- 
hon of power. 

REACTOR, PRESSURIZED WATER 
(PWRJ. A power reactor (se(‘ reactor, power) 
using slighlly eunched uranium as fuel. Water 
under high pivs.stire is the 'moderator and 
coolant. 

REACTOR, PRODUCTION (REGENERA- 
TIVE) . A nuclear reactor designed princi- 
pally for the produclion of fis.sionablo ina- 
kiial, usually 

REACTOR, REFLECTOR SAVINGS OF. 

The (l(‘ci(ai^i‘ m llie (iilical -^ize of a lialf- 
diuKsi'-ion (e g , lia!f-( hickness of a slab) in a 
iiuclcai’ reactor dun to a reflector. 

REACTOR, SIMPLE. \ linear reactor (see 
reactor (2)j UMially inductive 

REACTOR, SUBMARINE INTERMEDI- 
ATE. A nuclear reactor de.signed for the pro- 
duction of power to lie used in propelling a 
naval vessel, and utilizing neutrons of inter- 
mediate velocity. 

REACTOR, SUBMARINE THERMAL. A 
nuclear reactor designed for the production 
of ])ower to bo used in i)r()]>elling a naval ves- 
s(*l, and utilizing thermal neutrons. 

REAC rOR, SWIMMING POOL. A thermal, 
heterogeneous, light-waitcr moderated reactor 
used for research. The fuel elements are 
plates of an alloy of uranium-235 and alu- 
minum, encased in aluminum. 

REACTOR SYSTEM, CRITICAT. STATE 

OF. The state in which just as many neutrons 
are being produced by fission as arc lost by 
absorption and leakage. 
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REACTOR, TWO-GROUP THEORY. A 

treatment of nuclear reactor theory in which 
it, is assumed that tlic neutrons are at two 
energies, fast and thermal. (See neutrons, 
fast and neutrons, thermal.) 

REACTOR(S), TYPES OF. Nuclear reactors 
are classified according to the type of enrich- 
ment of the fuel, energy of the fi.ssioning neu- 
trons, tyi)e of moderator (if thermal), ar- 
rangement of the fuel (homogeneous or heter- 
ogeneous) and purjKjsc. Thus a reactor might 
be described as a natural uranium, iliermal, 
graphite-moderated, In'torogeneous, research 
reactor. Often tlie ]) 0 \ver level and thermal 
ri(‘utron flux arc also given. 

REACTOR, WATER BOILER. A homo- 
geneous thermal reactor which utilizes cn- 
riched uranium as fuel and ordinary witter as 
moderator, tlie fuel being in tlie form of a 
solution of uranium sulfate in tlie water. 

RECALESCENCE. A singuljn* plK'nomeuoii 
exhibited by iron and soin(‘ other ferromag- 
netic metals. If iron is lieatc'd white hot and 
allowed to eool, it \m 11, at a certain Iciripora- 
iure, suddenly (‘volve enough heat to luilt the 
cooling and even produce a momentary heat- 
ing. This is easily e.\hibit(‘d by st retelling an 
iron wire again^t the teii'^ion of a spring and 
arranging a lever index to show slij.'lii changi'^- 
in length The \s ire is firsl heated hy an elec- 
tric current. As it euols and contracts, tlie 
imlex will at a certain point give a p(TC(‘ptible 
jerk, and then rouine it^ steady motion of 
contraction. The efToct is duo to an exo- 
thermic change in the crystalline structure. 
The reverse phenomenon, exliihited on heat- 
ing, is called “decalescence ’’ For cast iron 
the reealescence point is a little beloAv 700^0. 
Pure iron has two such points, at 7S0°C and 
880 ^^ 0 . 

A somewhat analogous effect is exhibited by 
some amorphous solids upon devitrification, 
which takes ])lace when the temporal ure be- 
comes high enough for the subvstance to crys- 
tallize. Non-crystalline sodium silicate, for 
example, has such a transition point near 
500°C, where it suddenly begins to glow'. 

RECALESCENT POINT. See reealescence. 

RECEIVER. See (1) earphone; (2) receiver 
(radio). 

RECEIVER. DUAL iJiVERSITY. A divers- 
ity receiving i^vstem (see reception, diversity) 


which, instead of mixing the signals from the 
two or more antenna-receiver systems, has an 
automatic selection system w^hich connects 
the output to the receiver having the stronger 
signal. 

RECEIVER, PANORAMIC. A receiver 

which is j)eriodically tuned through a certain 
band of frequencies. Tlie receiver output, dis- 
played on a cathodc-ray tube w^hose time base 
is synchronized wdtli the receiver tuning rate, 
indicates all signals and their amplitudes 
wdthin the sw’opt band. In the microwave 
fre(pieiicies, this is sometimes called a spec- 
trum analyzer. 

RECEIVER PRIMARIES. The colors of 
constant chromaticity and variable luminance 
})ro(luc('d by a television receiver wliieh, wdien 
mix(‘(l m proper prt)poi'tions, are ii.sed to pro- 
duce other colors. Usually three' primaric's 
are* used: rod, green, and blin* 

RECEIVER PULSE DELAY. See transducer 
pulse delay. 

RECEIVER, RADIO. The radio receiver is 
the device w'hie*h picks up the wave from the 
transmiller and eorue'rts it to Miuiief The 
simplest form of practical receiver i*^ the 
crystal set which once used exiensively, 
then w'ith Mui advent of satisfactory and chea]) 
\acuiim-tube circuits was largely diseareU'd, 
and wdiieli is now' coming back as a receiver 
for ultra high and super high fretiueneies 
Such a set consist'^ of some means of selecting 
or tuning tlie desired signal, a rectifying type 
crystal (galena, silicon, etc.) as a detector 
and a head-set. In its present apfilicatioii for 
tlie extremely high frequencies the tuning ele- 
ments arc lines and wave guides. In the early 
days of broadcasting the regenerative receiver 
W'as almo.st universally used. Tiow'over, it has 
serious limitation chief among them being 
its poor audio quality and its radiating ability. 
As a consequence it i^ no longer used for reg- 
ular broadcast rccejilion and its present use 
is confined to the reception of continuous wave 
signals, as in radio telegraphy. Tuned radio- 
frequency receivers were also widely used at 
one time but are not used much except in 
the chcapier broadcast receivers and in some 
long wave commercial stations. This receiver 
has an antenna-coupling circuit for tuning 
and coupling the antenna to the grid of the 
first amplifier tube. This tube may be coupled 
by a second tuned circuit to another amplifier 
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or in mailer sets it may be coupled to ilu* 
detector. Each coupling circuit uj) io (ho 
grid of the detector is tuned and for home 
receivei> (he present-day sets have all tuning 
elementto controlled by a single dial. Early 
had (\acli element controlled by a separate 
dial. While the deti'ctor may be any of the 
conventional tyjies it is usually a triocle liiased 
almost to cut-oif This jiroduces rectilication 
and hence demoduLiiion of the radio signal. 
The audio output of the detector is then am- 
plifu'd by one or more audio-amplifier stages 
and fed to the speaker where it is conveided 
to sound. 

Tlie superheterodyne recei\ing eircuit dif- 
feis from others in that it converts all incom- 
ing ra(lio-fre(]uericy signals to a common car- 
rwr frequency. This is accomplished in the 
first detector, mixer or converter as it is Aari- 
ously called. The signal from the antenna i.s 
fed by a tuned cou])lcd circuit to the mixer 
tube (or in more elaborate sets a tuned radio- 
frecpieney stage may be inserted between the 
antenna and the mixer). In the mixer stage 
the incoming signal is heterodyned wit^’ a 
locally generated signal so a beat fref(iiency 
signal, called the intermediate' freepiency, is 
produced. This new freepumey signal is radio 
frequency, ranging from around 450 kc to 
several megacycles depending upon the pur- 
pose for which the receiver is designed. The 
intermediate frequency has exactly tlie same 
modulation as the original signal. In many 
broadcast receivers the mixer tube combines 
the functions of mixer and oscillator bv using 
a multiplicity of grids (the pentagrid con- 
verter is an example of such a tube). How- 
ever, at higher frequencies it is desirable or 


even necessary to use a separate tube for 
oscillaftor and feed its output into the mixer, 
Regardless of how tin* oscillator ojicrates, its 
frequency i"- ahwiys adjusted by tlie main 
tuning eonirul of the reeiuver so the beat fre- 
quency outjuit of the mixer is a fixeil value. 
This intermediate frequency signal is then 
amplified by fixed-tuned radio-fre(|ucncy am- 
jilifiers and then fed to the detector (com- 
monly call(‘d the second detector) where it is 
demodulated. The audio is then further am- 
plified anrl coupled to tlie speaker. The sim- 
plified-cireiiit diagram will serve to indicate 
the A’arious circuits and (heir relative posi- 
tions. In some of the cheaper superhetero- 
dynes the antenna signal is coupled to the 
pentagrid first detector, then tlie intermediate 
frequency out [nit of this coujilcd williout fur- 
ther a miiJiti cation to a grid bias or regenera- 
tive deti'ctor and hence to the final power 
tube. Various refinements are often added 
to the higher cpiality sets. Among these are 
automatic gain control, automatic frequency 
control, noise suppression, tone control, fidel- 
ity and selectivity controls, etc. The super- 
heterodyne gives much greater selectivity by 
its system of frc([uency changing and also per- 
mit^ the use of circuits having a more uniform 
re.sponse to the sidebands. 

The dcA’clopinont of television lias led to 
extensions of the principles inA^olved in the 
usual radio receiver but has not required any 
radically different ones. The main differenco 
between the sound receiver and the picture 
receiver i'- in the width of the bands which 
must be handled, television requiring a hand 
several megaevcles wide while sound requires 
only a few* kilocycles. This means that the 
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radio frequency channels must be capable of 
selecting between stations yet also pass very 
wide sidebands. In addition the amplifica- 
tion circuits after the detector (correspond- 
ing to the audio amplifiers of the sound set) 
must satisfactorily amplify over a range of 
a few million cycles. Frequency modulation, 
on the other hand, has necessitated the use 
of a somewhat different type of detector. The 
incoming frequency modulated signal is am- 
plified, converted to the intermediate' fre- 
quency and tliis further amplified as in the 
usual set. However, since the modulation is 
present as a freqiu'iicy variation and the loud- 
speaker responds to an amplitude variation 
it is necessary to change from one to the other 
upon detection. This is accomplished in a 
discriminator (a frequency sensitive detector) 
and then the resulting audio signals, *whieh 
are amplitude variations, are amplified in a 
standard audio amplifier. However, the radio 
and intermediate frecpiency cliannels of the 
FM set must be fairly wide hand (about 200 
kc) and the audio must lie good to about 
15,000 cycles to realize the full benefits of this 
type modulation. 

Besides these basic circuit distinctions 
radios are often classified according to the 
type power supply used. Thus battery re- 
ceivers for rural and portable use, a-c sets 
for operating from the 110-volb a-c honse- 
supply circuit, a-c-d-c sets for use with either 
no (nominal) volts a-c or d-c, etc., are among 
the various types available. 

RECEIVER, RADIOTELEGRAPH. A radio 
receiver (see receiver, radio) designed for the 
reception of radiotelegraph signals. Distinc- 
tive characteristics inchnle v(Ty slow AGC 
action, peaked aiidioresjiorise to sujipress noise 
and interfering signals, and some fonn of 
beat-frequency oscillator rc(iuircd to make 
the transmission audible. (See radio teleg- 
raphy.) 

RECEIVER, SINGLE-SIDEBAND. A radio 
receiver (see receiver, radio) designed for the 
reception of single-sideband modulation. This 
device differs from other receivers in that it 
must have provisions for restoring all or a 
])art of the carrier, which is partially or totally 
deleted upon transmission. 

RECEIVER, SUPERHETERODYNE. A re- 
ceiver (see receiver, radio) which converts all 
incoming radn-frcquency signals to a com- 


mon intermediate ‘^carrier^’ frequency before 
conversion to the original modulation. 

RECEIVER, SUPERREGENERATIVE. See 
superregenerative receiver. 

RECEIVER, TUNED R.F. A receiver (see 
receiver, radio) in which all amplification 
befoie detection perfonned at the original 
frequency of transmission in stages individ- 
ually tuned for this frequency. 

RECEIVING CURRENT SENSITIVITY. 
See response, free-field current. 

RECEIVING VOLTAGE SENSITIVITY. 

See response, free-field voltage. 

RECEPTION, DIVERSITY. A radio re- 
ceiver (see receiver, radio) system which re- 
duces sensitivity to fading caused by variable 
})ropagation characteristics. The sysb'in gen- 
erally consists of two or more antennas lo- 
cated several wavelengths apart, feeding in- 
dividual re(‘(‘ivers whose outputs an' com- 
hiiK'd. While the output of an individual uiiil 
may fade with time, exjieriencc indicat ('s that 
the combined output of a projierly-designcd 
system will be lu'arly constant. » 

RECEPTION, PERIDYNE. See peridync 
reception. 

RECESSION OF NEBULAE. See Hubble 
constant. 

RECIPROCAL. Cdven a number or function 
a, its reciprocal is 1/a. (See aKo matrix, 
reciprocal; vector system, reciprocal.) 

RECIPROCAL LATTICE. Let a, b, c, be 
rtie primitive translations of a given crystal 
lattice. Let 

b X o c X a 

a’f' = , , 

a ■ (b X c) a • (b X c) 

a-(b X c) 

Then a*, b*, c*, define the unit cell of the re- 
ciprocal lattice. This has the properties (i) 
the vector r*(hkl) = ha* -f- kh* -|- Ic* of the 
reciprocal lattice is normal to the (hkl) plane 
of the crystal lattice, (ii) the length of the 
vector r*(hkl) is equal to the reciprocal of 
the spacing of the (hkl) planes. 

RECIPROCAL TRANSDUCER. See trans- 
ducer, reciprocal. 
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RECIPROCAL VELOCITY REGION. The 

energy region (generally from 0 to several ev) 
in which the capture cross section (sec cross 
section, capture) for neutrons by a given ele- 
ment is inversely proportional to the neutron 
velocity. 

RECIPROCITY CALIBRATION. The cali- 
bration of a microphone by application of the 
reciprocity theorem (acoustical), witl\ the 
use of a reversible microphone-loudspeaker 
and a separate loudspeaker. 

RECIPROCITY LAW (PHOTOGRAPHIC). 
The optical density of an exposed emulsion, 
with standard development, is a function of 
only the irradiance and time of exposure. 
1'his law may be applied only in certain situa- 
tions. 

KECIPROCITY THEOREM, ACOUSTI- 
CAL. In an acoustic system corniiri^ing a 
fluid iiiediuni liaving bounding surfa(*es Si, 
S 2 , ' * *, and subject to no iiripre^‘=5ed body 

tore(‘s, if two distributions of normal veloci- 
ti('s r/ and v/' of tlie bounding sui faces pro- 
duce juH'ssure field" ;/ and //', re^pc'ctively, 
throughout the region, then the surface in- 
t('gral of (//'n,/ — //r/') over all tlie bound- 
ing surfaces Si, S 2 , S^, •*•, vanishes. If tlie 
ix'gion eontains only one simple source, the 
till orem reduces to the form a"cril)ed to H^din- 
lioltz; viz., in a region as do"’cribcd, a simple 
source at A jiroduces tlie same sound pres'^ure 
at anotlier point B as would liave been pro- 
duced at A had the source been located at B. 

RECIPROCITY THEOREM, ELECTRIC- 
NETWORK. In an elect rii’ network eom- 
posed of passive bilat(‘ral linear impedanees, 
the ratio of an electromotive fori’c introdiieed 
in any liraiieli to the current measured in anv 
oilier branch, called the transfer impedance, 
is equal in magnilufl(‘ and ])ha"5e to the ratio 
that would he obsciwed if the positions of the 
eli'ctromotive force and the current were in- 
terchanged. When altering tlie location of 
an electromotive force in a network, the 
blanch into which the electromotive force is 
to be introduced must be opened, while the 
branch from which it has been removed must 
lie closed. 

RECIPROCITY THEOREM, ELECTRO- 
ACOUSTICAL. For an electroacoustic trans- 
ducer satisfying the reciprocity principle, the 
quotient of the magnitude of the ratio of the 


open-circuit voltage at the output terminals 
(or the short-circuit output current) of the 
transducer, when used as a sound receiver, to 
the free-field sound pressure referred to an 
arbitrarily selected reference jioint on or near 
the transducer, divided by the magnitude of 
the ratio of the sound pressure apparent at a 
distance, d, from the reference point to the 
current flowing at the transducer input ter- 
minals (or tlie voltage applied at the input 
terminals), when used as a sound emitter, is 
a corntant called the ‘b’eciprocity eonstant^^ 
independent of the type or coiistruelional de- 
lail'^ of tlie transducer The reciprocity con- 
v"-tant is given by 


Mo 


M, 

- 

= 

— 





where is the free-ficld voltage response 
as a sound n^ceiver, in open-eireuit volts per 
microbar, referred to the arbitrary reference 
point oil or near the transducer; is the 
free-field current response in short-circuit 
amperes per mieroliar, referred to the arbi- 
trary refcTenco point on or near the trans- 
ducer; ,so is the sound pressure jiroduced at a 
distance d centimeters from the arbitrary ref- 
erence point in luicrubars per ampere of input 
current; .s\ is the sound jircssure produced at 
a distance d centimeters from the arbitrary 
ri'ference ]>oint hi iniciobars jier volt ajiplieil 
at the input terminals; / is tlie frequency in 
cycles per second; p is the density of the me- 
dium in grams per centimeter’'; d is the dis- 
tance in centimeters from the arbitrary refer- 
( nee point on or near the transducer to the 
point at wliicli the sound jiressure established 
by tlie trans(luc(*r wlii'ii emitting is evaluated. 

RECOIL, AGGREGATE. Pee aggregate re- 
coil. 

RECOIL NUCLEUS. See nucleus, recoil. 

RECOIL PARTICLE. A particle that has 
hc*en set into motion by a collision or by a 
])r()ress involving the ejection of another par- 
ticle Tlie direction and magnitude of the 
recoil are determined by the conservation of 
momentum. lOxainples are Compton recoil 
electrons, recoil nuclei in a-decay, and fission 
fragments. 

RECOMBINATION, COEFFICIENT OF. 

A coefficient A that appears in the law ex- 
jiressing the rate of recombination of ions in 
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a gas. If n+ and n*" are the respective num- 
bers per unit volume of the ions of the two 
signs, then 

dn'^ dn~ _ 

— — . 

dl di 

The constant depemds both on the nature of 
the gas and on tl)(‘ pressure. 

RECOMBINATION, COLUMNAR. Recom- 
bination wliich takes place before the ions 
have left the track, in the case where the 
ionization takes place along a column, e g , 
the case of the dense ionization ])roduced 
along the tra(‘k of an a-particle. The magni- 
tude of columnar re(‘oinl)ination in an ioni- 
zation chamber depends on the direction of 
the track relative to the applied field. 

RECOMBINATION, PREFERENTIAL. Re- 
combination which takes place immediately 
after the ion-pair i^ formed, if the oompononts 
are not separatcvl quickly enough })y the ap- 
])lied field or are deth'cted back toward one 
anotluT by collisions w’itli oiht‘r Tnoleculcs. 

RECOMBINATION RATE, SURFACE. The 

time rate at w^hich free el(‘ctrons and holes 
recombine at the surface of a semiconductor. 

RECOMBINATION RATE, VOLUME. The 

time rate at which fn‘e electrons and holes 
!’(*( ombine within the volume of a semicon- 
ductor. 

RECOMBINATION VELOCITY (ON A 
SEMICONDUCTOR SURFACE). 1 lie (pio- 
tient of the normal c<unponcnt of the electron 
(hole) current density at the .surface by the 
excc'^s electron (hole) charge density at the 
surface. 

RECOMBINATION, VOLUME. Recombi- 
nation wdiich takes filace between positive 
and negative ions at low' energies througliout 
the volume of an ionization chamber or 
counter. 

RECONTROL TIME IN THYRATRONS. 
The deionization time. 

RECORDING, CARBON. Tn facsimile, the 

r(‘eording of a received signal by a carbim 
paper-white paper combination which is 
struck or indented by an electromechanical 

transducer. 

RECORDING CH*.NNEL. One of a num- 
ber of independent recorders in a recording 
system or one of two or more independent 


recording tracks on a recording medium. One 
or more channels may be used at the same 
time for covering different ranges of the trans- 
mitted frec[ueney band, for multichannel re- 
cording, or for control purposes. 

RECORDING, CONSTANT AMPLITUDE. 

A mechanical recording characteristic where- 
in, for a fixed amplitude of a sinusoidal sig- 
nal, the resulting recorded amplitude is inde- 
pendent of frequency. 

RECORDING, CONSTANT VELOCITY. A 

mechanical recording characteristic wherein, 
for a fixed amplitiKle of a sinusoidal signal, 
the resulting recorded amplitude is inversely 
jiropoitional to the frequency. 

RECORDING, INSTANTANEOUS. A re- 
cording which is intended for direct repro- 
duction without further processing. 

RECORDING, I.ATERAL. A iiuchanical 
recording in w'hich the groove modulation is 
per])endicular to the motion of the recording 
medium and parallel to tlie surface of the re- 
cording medium. 

RECORDING SYSTEM, MULTITRACK. A 

recoiding systi'in wdiich provides tw’o or more 
recording paths on a medium, which may 
carry either r(*latcd or unrelated recordings in 
common time relationshi]) 

RECORDING SYSTEM, SOUND. A coinlh- 
nation of transducing (see transducer) ilevici's 
and associated equipment suitable' for stor- 
ing sound in a form cajiable of sul)sequent 
reproduction. 

RECORDING, VERTICAL (HILL AND 
DALE RECORDING). A nu'chanical re- 
cording in which the groove modulation i'N in 
a direction perpendicular to the surface of the 
re-cording medium. 

RECOVERY OF METALS. The return to its 
original dimensions of a metal boely, such as 
a wire, after it has been stresscel The com- 
plete recovery may require a definite period 
of time, called relaxation time. The concept 
of recovery is also associated wdth the return 
to the original damping coefficient of an os- 
cillating spring following a large number of 
o->cillations. (See elastic after-effect; fatigue.) 

RECOVERY TIME (OF A RADIATION 
COUNTER). The minimum time from the 
start of a counted pulse to the instant a sue- 
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cccding pulse can attain a specific percentage 
of the maximum value of the counted pulse. 

RECRYSTALLIZATION. Metals and al- 
loys consist of an aggregate of individual 
grains or ciystals. When subjected to me- 
chanical dcforiiuitiun, as in rolling, forging or 
wire-drawing, the grains are distorted, usually 
elongated, and if severely worked, as by a 
50% reduction in thickness by cold-rolling, 
the grains will be fragmented. Recrystalli- 
zation is the growth of certain of the grain 
fragments at the expense of others, resulting 
ill larger, strain-free grains. Tlie recrystalli- 
zation ])roc('ss is possible because of the in- 
creased atomic activity at the elevated an- 
nealing temperatuie. 

RECTANGULAR COORDINATES. Carte- 
sian coordinates with tliree mutiiallv juafK'H- 
diciilar axes, used for locating tlie position of 
a iioint in space. A coinention must be es- 
tablished for the relative arrangement of the 
three a\(“- The usual case, wdiich is called a 
right -handl'd system, may be described as fol- 
lows. ('ailing the axes O.V, OY, OZ, choose 
the Al'-plane to he in the [)lane of the pa[)er 
witli the po-itive OA-axis pointing to the 
reader’s liglit and the positive* 0>’-axis point- 
ing toward the top of the yiage The ]>ositive 
OZ-axi'- is then pointing upw\ard from the page 
tow^‘lrd th(* reader If a pair of axes is (‘X- 
ehanged, the system beeoines left-handed. 

RECTANGULAR SCANNING. S(*e scan- 
ning, rectangular. 

RECTIFICATION FACTOR. The quotient 
of the change in a\erage curi’ent of an elec- 
trode by tlie eliange in am])Iitud(' of the alter- 
nating sinusoidal voltage apyilied to the same 
electrode, the direct voltages of this an«l other 
electrodes being maintained constant. 

RECTIFIER. A device having an as\mmi‘t- 
rieal eonduction eharacteristic wliicli U'Ned 
for the conversion of an alternating eurrent 
into a eurrent having a unidirectional com])o- 
nent. 

RECTIFIER, BRIDGE. A full-wave recti- 
fier with four rectifying elements or groups of 
elements connected as in a bridge circuit. 

RECTIFIER, COMPLEMENTARY. Ilalf- 
wiUT rectifying circuit elements connecting in 
series with output windings of a saturable re- 
actor m the self-saturating magnetic ampll 
fier circuit. 


RECTIFIER, CONTACT. A rectifier con- 
sisting of two different solids in contact, in 
wdiich rectification is due to greater conduc- 
tivity across the contact in one direction than 
in the other. 

RECTIFIER, COPPER-OXIDE. A semicon- 
ductor rectifier utilizing the barrier layer de- 
vedoped between metallic copper and cuyirous 
oxide The units are low in efficiency, but 
noted for extremely long life. 

RECTIFIER, COPPER SULFIDE. A semi- 
conductor rectifier in wdiicli the rectifying 
barrier is the junction bedw^een magnesium 
and copjier sulfide. 

RECTIFIER, CRYSTAL. See rectifier, con- 
tact; diode, crystal. 

REC:TJF1ER, demodulator. Scc de- 
modulator rectifier. 

RECTIFIER, DOUBLE- Y. Two three-phase, 
half-w'a\e, Y-c'onnected rectifiers operating 
effectnely in parallel wdth lespect to the out- 
put, hut with the relative phase voltages in 
the iwo systems fit)” out of pha^e The re- 
sult is a six-phase system wdth a high utiliza- 
tion factor. 

RECTIFIER, DRY-DISK. A semiconductor 
rectifier wdth a disk-shaped banier. (See 
copper-oxide rectifier; selenium rectifier.) 

RECTIFIER, ELECTROLYTIC. See elec- 
trolytic rectifier, 

RECTIFIER, P'ORK. A six-ydiasc, half-w^ave 
reclifieT a-- ^hown in the figure. 
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RECTIFIER, FULL-WAVE BRIDGE. A 



full-wuvc hrulgf rcctifu'r as shown in the fig- 
ure. 


RECTIFIER, FULL-WAVE, CENTER-TAP. 


1 

3 


Full-WTur centf'i-ttii) K'ttifur 



A full-wave, center-tap rectifier as shown in 
the figure. 


RECTIFIER, FULL-WAVE DELTA, A 



RECTIFIER, FULL-WAVE WYE. A three- 



Three 

Phase 

Supply 


Fiill-wtuo \\\e ructifior 

])]iasc, full-wave rectifier, as shown in Mic 
figure. 

RECTIFIER, CRID-CONTROLI.ED, MER 
CURY-ARC. A uiercury-arc rectifier in 
which one or more electrodes are eiu])loye(l 
exclusnely to control tlu‘ starting of the dis- 
charge, i\^ in a thyratron. » 

RECTIFIER, HALF-WAVE. A rectifier 

which utilizes only half of tin* input -alternat- 
ing wavefoffm. (See rectifier, zig-zag.) 

RECTIFIER, JUNCTION. A voltage ap- 
plied (o a p-n junction can carry a current 
easily if it tends to increase the number of 
minority carriers in each part, hut not other- 
wise. The forward direction is thus that 
which carries holes into the n-type material. 
Practical devices, sueh as the selenium and 
copper-oxide rectifiers, depend on such a 
junction being formed at some point in tlie 
layer sinicture, e.g.. between the oxygen-rich 
and coiijier-rich cuprous oxide layers formed 
on cop]H*r by direct oxidation. 

RECTIFIER, LINEAR. A rectifier, the out- 
put cun’cnt or voltage of which contains a 
wave having a form identical with that of the 
envelope of an im])rcssed signal wave. 

RECTIFIER, MAGNETRON. A cold-cath- 
ode, gas diode rectifier which is controlled 
with an external field. 



tliree-phase, full-wave rectifier as shown in RECTIFIER, MERCURY-ARC. See mer- 
the figure. cury-arc rectifier; pool-cathode tube. 
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RECTIFIER, METAL-TANK, MERCURY- 
ARC. A pool-type, mcrcury-arc rectifier en- 
closed in a metal tank which generally serves 
as a cathode terminal and heat radiator. (See 
excitron and ignitron.) 

RECTIFIER, PHASE SHIFTING. See 
phase control. 

RECTIFIER, POINT CONTACT. A recti- 
fying device depending on the ability of a 
metallic point applied to a semiconducting 
crystal surface to inject holes wdicn hia‘^cd 
positively with respect to the surface. This 
is the principle of the crystal detector, and 
is due to the binding of electrons in surface 
states. 

RECTIFIER, POOL-CATHODE. Sc o pool- 
cathode tube. 

RECTIFIER, SELF-SATURATING. Half- 
wiivQ rectifying circuit olein(‘nt& connecting in 
senes with output windings of n saturable re- 
actor in the "'elf-^atui.iting magnetic amplifier 
circuit. 

RECTIFIER STACK. An assembly of semi- 
conductor icctiher eleiiK'iits or cells 

RECTIFIER, STAR. A si\-plia^o, half-wave 
lectificr as ^hown in tin* figure. 




Three- 

Phase 

Supply 


RECTIFIER VOLTMETER. See voltmeter, 
rectifier. 


RECTIFIER, WYE. A three-phase, half- 
wuive rectifier as shown in the figure. 



Three- 

Phase 

Supply 


Wvp fvclifior 



RECTIFIER, ZIG-ZAG. A three-phase, half- 
wa\e re(‘tjrjer as bliown in the figure. 




ZiK-Zcig rcctifnT 


Three- 

Phase 

Supply 


RECTIGON. A relatively high-presbure 
1 heriiiionic-cathode gas-diode used primarily 
for balteiy charging. Rapidly being replaced 
iO' <by-disk semiconductor rectifiers. 

RECTILINEAR DIAMETERS, LAW OF. 
Sec Cailletct and Mathias, law of. 

RECTILINEAR MOTION OF A PAR- 
TICLE. Tlie motion of a particle in a straight 
line. The motion takes place in accordance 
with the type of force acting on particle. 
Some common examples are listed below. 

(1) No force, x = VqI + xq 
X o is the initial displacement 
vq is the velocity (constant) 




Rectilinear Scanning — Reduced Focal Length 


760 


(2) Constant force. 

J- = “ + voi + xo 

2 \m / 

is force (constant in magnitude and 
direction) 

in is mass of particle 
V() is initial velocity 
To is initial displacement 

(3) l<’'()rc(‘ proportional to first power of dis- 

tance from a fixed point 
A. Attractive force. F = —kx * 



Cf. simple harmonic motion 
B. Repulsive force. F — kx 
k 

X = F cosh *“ / (catenarv) 

m ■ . 

R is initial displacement from fixed 
point (initial \elocity is zero) 

(4) Attractive force. Force inversely propor- 
tional to square of distance from fixed 
k 

point. F = — — 



R() is initial disjilacenu'nt from fixed 
point (initial v^elocity is zero) 

RECTILINEAR SCANNING. See scanning, 
rectilinear. 

RECTILINEAR SYSTEM. An optical sys- 
tem corrected for both distortion and spheri- 
cal aberration. (Also calk'd orlhoscopic.) 

RECURSION FORMULA. Relations be- 
tween successive coefBcicnts in a series, fre- 
(]uently tlie series solution of a dilTcrcntial 
eejuation, making it jxissilile to calculate the 
(r?-|-l)th ini'inber of the serit'. if the ?ith, 
(n - l)th, etc., members are known. They 
usually invoh^e only two coefficients but in 
some more complicated cases, the Mathieu 
equation, for example, they involve three co- 
efficients. 

RECYCLING DETECTOR. In the conven- 
tional detector (the linear-diode detector, for 
example) the capacitef across the detector 
outimt has an exponentially-decaying voltage 


between carrier cycles. In the recycling de- 
tector the capacitor voltage remains un- 
changed until just before the next carrier 
cycle, when it is intentionally reduced to zero 
by a swdtcliing circuit. Tlie results are high(*r 
output and greater elimination of the carrier 
in the output. 

RED-SHIFT. Displacement, toward tlic red 
end of the spectnim, of familiar absorption 
lines in spectra of the light of stars, nebulae, 
and luminous astronomical objects in general. 
(See red shift (gravitational); and red shift 
(nebulae).) 

RED SHIFT (GRAVIiATIONAL). Conse- 
quence of g(‘neral relativity theory (see rela- 
tivity theory, general) that the periods of 
identical oscillators at difl’erent points depend 
on the gravitational potentials at (hose points. 
The wavek'ngth of a spectral line coming 
fiom the sun sliould tlius exceed iliat of the 
coiTesi>on(ling line from a soiirei* on the eaitb 
by the fraction 2.12 X ‘h 

RED SHIFT (NEBULAE). Displacement 
towards the ivd of spocti'al lines from Ji^tant 
nebulae, usually inlerpri'ted as a Doppler ef- 
fect du(' to th(‘ir motion away from our gal- 
axy. (See Hubble constant; expanding uni- 
V€*rse.) 

REDUCED EQUATION OF STATE. A 

generalized equation of state containing as 
variables the reduced pressure, reducc<l vol- 
ume, and reduced temperature. In the case 
of van der Waals’ equation, the form is: 

IT + ^) - I) = 80 

wdiere tt is the reduced pressure, defined as 
the ratio of the existing pressure to the criti- 
cal pressure; is the reduced volume, defined 
as tlie ratio of the existing v^olurne to the 
critical volume; and f) is the reduced tempera- 
ture, defined as the ratio of the existing tem- 
perature to the critical temperature. 

REDUCED FOCAL LENGTH. The first 
focal length of a spherical-refracting surface, 
or of a lens, divided by the refractive index 
of the medium in which the light is incident; 
or the second focal length divided by tlie re- 
fractive index of the medium into which the 
rays emerge. 
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REDUCED MASS. In treating any two 
body problem, the most satisfactory coordi- 
nate frame in which the laws of motion may 
bo applied is an inertial system, i.(‘., a system 
which is not accelerated with respect to the 
fixed stars. The center of mass system of two 
bodies, having masses M and m and acted on 
only by mutual forces, is such an inertial sys- 
tem. When the equations of motion are trans- 
formed to center of mass coordinates, it is 
found that they are identical with eijuations 
in a system) having its origin fixerl at M if 
the mass m is replaced by the reduced ma‘^s 
fi = Mm/iM + 711 ). If jV» m, the reduced 
mass is closely approximated by m. 

REDUCED MASS OF DIATOMIC MOLE- 
CULK. For a diatomic moli'cule regarded as 
a rigid rotator (dumbbell model) llie reduced 
mass fx is 

nil m 2 

^ y/q + nii 

vhi're mi, Wn are th(* inassc's of the tuo atoms. 


REDUCTION FORMULA. Used in evaluat- 
ing an integral when tlu' integrand is of the 
form x'" (a + Introduction of a new 

vaiiahle and integration by parts cornerts 
th(‘ integral siiece^sively into siiniilcT inte- 
grals. One example is 

n I 1 ’<y> t 1 

(itl> >n " 1 - 1)6 


/ 


+ hx^ydx 


(?M — n + \ )a 
{np + rn + l)b 



{(I “h 


wdicre p is a rational number, n is positive, 
and m, n arc integers. Allliough the original 
integral may have been difficult to ^olve, tlie 
reduced form on the right may lie easit*’ If 
not, apply the formula aaain Sev('ral uit(T- 
nativc relations may be derived, for the ex- 
ponents m, p may be either inereasc'd or de- 
creased. 


REDUCTION OF AREA. Sec Poisson ratio. 


REDUNDANCY. The fraction of the speci- 
fication of a message which is unnecessary. 
It is equal to one minus the relative entropy 
( 2 ). 

REFERENCE BLACK LEVEL. The picture 
signal level corresponding to a specified maxi- 
mum limit for blaek peaks. 

REFERENCE DEFLECTION. The deflec- 
tion to the mcter-scal(‘ point marked 0 vu, 
100 vu, or both. This is the deflection at 
wdiich the meter should be used. 

REFERENCE VOLUME. The level which 
gives a reading of 0 vu on a standard volume 
indicator. 'J'he ^‘reading of 0 vu” is the alg(‘- 
hraie sum of the meler aiul attenuator read- 
ings on the standard volume indicator. 

REFERENCE WHITE LEVEL OF A COM- 
POSITE PICTURE SIGNAL. A level re- 
moved (in the direction of w’hite) from the 
synchronizing signal peak liy an amount 
e(]ual to ‘1.0 times the peak-to-peak amplitude 
of the synelironizing signal component. 

REFLECTANCE, Wlu'n used without quali- 
fication the term reflectance usually refers to 
radiant redectanee. (See reflectance, radiant.) 

REFLECTANCE, LUMINOUS. The ratio 
of the luminous einittanee (see cmittance, lu- 
minous) to the illuminance of a reflecting 
surface, both quantities being expressed in 
consistent units. 

REFLECTANCE, RADIANT. The ratio of 
the reflected radiant flux (see flux, radiant) 
to the ine’dent radiant flux. 

REFLECTANCE, SPECTRAL. The radiant 
reflectance (see reflectance, radiant) for a 
specified wavelength of the incident radiant 
flux. 

REFLECTANCE, SPECULAR. The ratio 
of (1) tlie radiance measured by reflection 
to (2) the rarliance measured directly. This 
quantity (specular reflectance) is a function 
of the angle of inciclenee (and I'eflection) , and 
of the spectral composition of the incident en- 
ergy (unless the mirror is nonselective). 


REDUCTION POTENTIAL. The potential 
drop involved in the reduction of a cation to 
a neutral form, as in the electrolytic deposi- 
tion of metals; or the reduction to a less 
highly-charged ion, as in the reduction of fer- 
ric to ferrous ions. 


REFLECTED WAVE. See wave, reflected. 

REFLECTING FILMS, HIGH-EFFICIEN- 
CY. See high-efficiency reflecting films. 

REFLECTING GRATING. Sec radial grat- 
ing, waveguide filter. 
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REFLECTING TELESCOPE. A telescope 

in which the principal light-gathering optic 
is a concave mirror. [1955 1 The largest re- 
fracting telesco})e is the 40-inch Yerkes tele- 
scope, the larger 200-inch on Mt. Palomar is 
a reflecting telescope. 

REFLECTION. When an emission, such as 
radiation or sound, traveling in one medium 
encounters a different medium, part of it in 
general passes on and undergoes refraction, 
while part is reflected. Even water waves 
exhibit reflection upon meeting an obstacle, 
and some of the characteristics of the process 
are conveniently observ^ed by watching sur- 
face ripples. In all cases of “regular’^ reflec- 
tion, in wdiich the direction of pn)]>agation is 
sharply defined after reflection, the change 
takes place in accordance with a very e^imple 
law, viz , the reflected and incident wave 
trains travel in directions making equal anglo'i 
with the normal to the reflecting surface and 
lie in the same plane with it. These angles 
are called, respectively, the angle of reflection 
and the angle of incidence. For normal inci- 
dence, both of these angles are zero Rough 
surfaces reflect in a multitude of directions, 
and such reflection is said to be ''diffuse/' 
Only part of the emission or of the energy 
associated wdth it is reflected; the ratio of 
that part to the whole incident emission is 
called the "reflectivity" of the surface. 

REFLECTION, ABNORMAL. See abnor- 
mal reflection. 

REFLECTION BY METALS. Sec refractive 
index for metals. 

REFLECTION COEFFICIENT. For plane 
w\avcs or transmission lines, the ratio of the 
reflected w^ave to the incident w^ave. By ex- 
tension, the concept is applied to networks 
to express the ('ffeet of an impedance mis- 
match. From the general conception, three 
specific definitions follow; (1) The acoustic 
reflection eoeflicient is the ratio of the flow of 
reflected sound energy to the flow of inchhmt 
sound energy. (2) For a transition or dis- 
continuity between two transmission media, 
the reflection coefficient is that which would 
be observed at a specified point in one me- 
dium if the other medium were match-termi- 
nated. (3) The refaction coefficient in a 
transmission medium defined as follows: 
At a given point, ana for a given mode of 
transmission, tl e ratio of some quantity as- 


sociated with the reflected wave to the corre- 
sponding quantity in the incident wave. The 
reflection coefficient may be different for dif- 
ferent associated quantities, and the chosen 
quantity should he specified. The "voltage 
reflection coefficient" is most commonly used, 
and is defined as the ratio of the complex 
electric field strength (or voltage) of the re- 
flected w’ave to that of the incident wave. 

REFLECTION FACTOR. The same as re- 
flection coefficient, also sometimes called mis- 
match factor or transition factor. 

REFLECTION GRATING. A grating ruled 
on a reflecting surface sacli as speculum metal 
or a glass-ehromium-aluminuin surface. (Sco 
Robertson, Introduction to Optics , 4th Ed., 
p 235 ff.) 

REFLECTION GRATING, CONCAVE. A 
grating ruled on the surface of a eoneavo mir- 
ror. The use of concave reflection gratings 
may avoid the presence of lenses in the sys- 
tem, with their absorption looses 

REFLECTION GRATING, ROWLAND AR- 
RANGEMENT. A mounting for a concave 
reflection grating in which the slit, the grat- 
ing and the photographic plate all lie on the 



circumference of a circle. One system, shown 
in Fig. 1, is to have the three independently 
mounted on a circular track. A more com- 



Fig. 2 
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mon system is as indicated in Fig. 2. The 
grating and photographic plate are mounted 
on the ends of a rod of fixed length. The 
ends of this rod ride on two, mutually-per- 
pendicular tracks. The slit is at the inter- 
section of the tracks. 

REFLECTION LOSS. (1) That part of the 
transition loss due to the reflection of power 
at a discontinuity. (2) The ratio in decibels 
of the power incident upon a discontinuity to 
the difference between the power incident 
upon and tlie power reflected from the dis- 
continuity. 

REFLECTION, MULTIPLE. Sec multiple 
reflection. 

REFLECTION PLANE. A symmetry ele- 
ment poss(\ss(‘d by certain crystal, whereby 
one-half of the crystal is the reflection of the 
other half in a plane drawn through the center 
of tlie crystal. 

REFLECTION, TOTAL. See total reflec- 
tion. 

REFLECTIVITY. The fraction of the in- 
cidc'nt radiant energy reflected by a surface 
that is exposed to uniform radiation from a 
source that fills its field of view. 

REFLECTOMETER. (1) Tn optics, an in- 
strument for measuring the reflectance of re- 
fleefing surfaces. (2) In electronics, a direc- 
tional coupler eontaining matclu'd ealilmited 
detectors in both arms of the auxiliary line, 
or a pair of single-detector couplers oriented 
so as to measure the jiower flowing in both di- 
rections in the main line. 

REFLECTOR. (1) A scattering substance 
surrounding the core of a nuclear reactor, 
used for the purjiose of reducing the loss of 
neutrons due to h'akagc, and therefore, mak- 
ing the dimensions of the reactor smaller. 
Common reflectors are water, graphite, beryl- 
lium, c+c. (2) In antenna leniiinology, a 
parasitic element located in a direction otlier 
than the general direction of tlie major lobe 
of radiation. An example is an antenna wire 
placed behind a dipole to improve its direc- 
tional characteristics and gain. 

REFLECTOR, COMPENSATED. A comer 
reflector (see reflector, comer) modified to 
provide an increase in the range of angles 
over which it may be operated. 


REFLECTOR, CORNER. (1) A reflector 
(see reflector (2)) consisting of two or three 
mutually-intersecting, conducting surfaces. 
Comer reflectors may be dihedral or trihe- 
dral. Trihedral reflectors may be used as ra- 
dar targets. (2) A reflector (see reflector 
(2)) which consists of two plane-conducting 
surfaces set at an angle of 45° to 90° with the 
driven element on a line bisecting the angle. 
The reflecting surfaces are not necessarily 
solid*, but can bo made from wires spaced 
about 0 1 wavelength apart. In a given 
amount of space, the corner reflector gives 
better directivity than the parabolic reflector. 

REFLECTOR, CUT PARABOLOIDAL. A 

paraboloidal reflector (see reflector, parabo- 
loidal) which is not symmetrical with respect 
to its axis 

REFLECTOR, CYLINDRICAL. A reflector 

whir*h is a portion of a cyliiuler. This cylin- 
der is usually parabolic, although other shapes 
may he used. 

REFl.ECTOR, GRATING. In antenna ter- 
minology, an open-work metal structure dc- 
sigued to provide a good reflecting surface. 

REFLECTOR, PARABOLIC. A reflector 

consisting of some form of a paraboloidal mir- 
ror. Usually ii^ed m conjunction with an an- 
tenna. 

REFLECTOR, PARABOLOIDAL. A re- 
flector \Ahich is a portion of a paraboloid of 
revolution. 

REFLECTOR SAVINGS. See reactor, re- 
flector savings of. 

REFLEX BAFFLE. A louds[)oaker baffle in 
which a portion of the radiation from 1h(' rear 
(;f ilic iliaphragm I'lropaeated forward after 
controlled shift of plia^o or otiioi modifiealion, 
tlie ])urf)Ose licing to increase the over-all ra- 
diation in some portion of the frequency 
sjiectrum. 

REFLEX CIRCUIT (AMPLIFIER). A cir- 
cuit in wdiich one tube simultaneously ampli- 
fies signals in two widcly-separate frequency 
bands (i.e., the intermediate frequency signal 
of a suiicrhelerodync and the audio frequency 
outjmt of the detector). Now little used be- 
cause the savings of material and space are 
not justified by the additional complexity of 
operation. 
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REFRACTED WAVE. See wave, refracted. 

REFRACTING TELESCOPE. A telescope 

in which the i)rincipal lij;ht-gaihcring optic is 

a lens. 

REFRACTION. (1) The bending of a ray 
of light or other radiation as it passes from 
one medium to aiiotlier of different refractive 
index (see the Snell laws) (2) The variation 
of the direction of sound transmission djie to 
spatial variation of the wave velocity in the 
medium. 

REFRACTION, ATOMIC. Tlie product of 
the sfieeific refraction (see refraction, specific) 
of an element by its atomic weight. 

REFRACTION, CONICAL. Sc e conical re- 
fraction. , 

REFRACTION, DESCARTES LAWS OF. 
Set‘ Descartes laws of refraction. 

REFRACTION, DOUBLE. See* double re- 
fraction. 

REFRACTION LOSS (SOUND). That part 
of tlie transmission loss due to refraction re- 
sulting from nonuniformity of the moduim. 

REFRACTION, MOLAR. The product of 
the spc'cific refraction (see refraction, spe- 
cific) by tlie molecular weight. Tlie form of 
this relationshij) is 

\R] = Afr 

in ^\hich \R] is the molar refraction, Af is the 
molecular weight, and r is the specific refrac- 
tion 1'he direct form of this relationship is 



m which \R] is the molar lefraction, n is the 
ineJex of refraction for any choscMi wave- 
length, A^ is the molecular weight, and p is 
the density. 

REFRACTION OF SOUND, CONVEC- 
TIVE. The refraction of sound in a single 
medium, such as the atinosjihere, by the effect 
of wind on the sound velocity 

REFRACTION OF SOUND, TEMPERA- 
TURE. The refract’ ;n of sound m a single 
medium, such as the a I nosphere, by the effect 
of point-to-point temperature variations. 


REFRACTION, SPECIFIC. A relationship 
between the refractive index of a medium at 
any definite wavelength and its density, of 
the form 



in which r is the specific refraction of the me- 
dium, n is its index of refraction at any defi- 
nite wavelength, and p is its density. The 
relation does not always give a constant value 
of r as the density is varied, and hence must 
be considered as an api>roximation 

REFRACTION, STANDARD. The refrac- 
tion w'lneh w^ould occur in an idealizecl atmos- 
phere in wliich the index of refraction de- 
(•rea‘'es uniformly with height at the rate of 
39 X lb per kilometer. Standard refrac- 
tion may be included in ground wave caicii- 
latiou" by use of an effective earth radius of 
So X 10® meters, or 4/3 the geometrical ra- 
dius of the earth. 

REFRACTIVE. Having or exhibiting the 
jiroperty of refraction. 

REFRACTIVE DISPERSIVITY. The deriv- 
ative of the refractive index wdLh respect to 
wavelength or frequency. 

REFRACTIVE INDEX. The phase velocity 

of ladiation in free sjiacp divided by the 
phase velocity of tlie same radiation in a 
sjieeified medium. Because of tlie Snell law, 
refractive index may also be defined as the 
ratio of the sine of the angle of incidence 
(??? rnrvo) to tlie sine of the angle of refrac- 
tion. Because the refractive index of air is 
only about 1 00029, refractive index is fre- 
quently measured with respect to air rather 
than with rcsjiect to free space (vacuum). 
FA'cepting a few very special ca'^es (\-ravs' 
light in metal films) the refractive index i-^ a 
number greater than unity. A few represen- 
tative values are n^ator = 1.34, n^inRs = 1 5- 
1 Oj jforiiinHiiiTO ~ *1 2t^ (infrared radiation). 

REFRACTIVE INDEX, COMPLEX. See 
complex refractive index. 

REFRACTIVE INDEX FOR METALS. For 

metals which absorb strongly, the customary 
refractive index must be replaced by the com- 
plex refractive index n(l — ik) where k is the 
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absorption index. Then the reflectivity for 
normal incidence is 

^ (n ~ 1 )^ + 7tV 

(n + 1)^ — 

The refractive index for metals varies over a 
much larger range for metals than for con- 
ventional diclectries, e.g., sodium at A — 0.540 
micron, n -= 0.052 while silicon at A = 0.589 
micron, n = 4,24. 

REFRACTIVE INDEX, MAXWELL RELA- 
TIONSHIP FOR. The dielectric constant of 

a nonpolar substance which has no pc'rinanent 
molecular dipole moment is equal to the 
square of its refractive index, when the latter 
is mca.sured for a light radiation of long wave- 
length. 

REFRACTIVE INDEX, RELATIVE. Of 

two media, the ratio of their refractive in- 
dices. 

REFRACTIVE MODULUS. In thi trop- 
o.sphere, the exce^^.s over unity of the modified 
refractive index e\j)ressed in inilliontlis. It 
is represented by M and is given by the eejua- 
tion 

M == {7\ + h/a - 1)10'' 

where n is the index of refraction at a height 
h above sea level, and a is the jadiiis of the 
earth. 

REFRACTIVITY. (1) In gt'iu'ral, the T)r()p- 
erty of refraction, or a quantitative relation- 
ship by which it is expressed, which is coin- 
monlv some function of the index of refrac- 
tion. (2) Tile quantity {n — 1) which enters 
many optical formulas is sometimes called 
‘h’cfractivity.’^ Here r/ is the refractive in- 
dex. 

REFRACTOMETER. An instrument for 
measuring the refractive index of a sub- 
stance. Several types of such in.struments 
have been developed, including special forms 
used for solids, for liquids and for ga.ses. 

REFRACTOMETER, ABBE. A type of rc- 
fractometer used for liquid.s. A film of the 
liquid is clamped between two similar glass 
prisms (sec figure), and the total refic’ction at 
the interface observed. Any spectrometer, 
with a pair of good prisms (preferably right- 


angled) mounted on the prism table, can be 
used in this way. 
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REFRACTOMETER, PULFRICH. Suppose 
that a specimen of the solid or liquid to be 
tested is brought into ojitical contact with one 
face of a glass prism (or “block^’) of known, 



Pulfrich refractoinotcr (dmgi’Jiniinatic) 


higher refractive index and known angle, and 
that a slightly convergent pencil of light, en- 
tering the test substance, is directed at graz- 
ing incidence upon the interface between it 
and the prism. Those rays incident at less 


Refractometer, Rayleigh — Region of Limited Proportionality 


766 


than 90° to the normal of the interface enter 
the prism; the others do not, and the boundary 
between is sharply defined. The resulting 
half-pencil traverses the prism and emerges 
from the other face where the direction of its 
cut-off edge can be observed (see figure). 
The angle between the cut-off boundary of the 
pencil and the first prism face, inside the 
prism, i.s the critical angle, and can be easily 
calculated from the observations and the 
known data. t 

REFRACTOMETER, RAYLEIGH. An in- 

stniment in which light from a slit is divided, 
passed along two parallel paths, and then re- 
united. The introduction of anything into 



Whon a tloublo hht illumiTiat("d by light from a 

distani nariow aoiiioc, phic('<l in front of the objec- 
tive of a t(‘Ie.sfope, iiitfTfermco fringes are ob.served 
in the focal plane P\F (liy pcjnussion from “Intro- 
duction to Ojitics, ( Jroinf'i Mcjil and Phv‘5icar’ bv 
Robertson, 4th Pid., (\)f)y right 1954, D. Van Nostrand 
Co , Inc.) 

one path which slightly changes the speed of 
the light will rcvsult in interference between 
the two beams when they are reunited. 

REFRACTOMETER, WILLIAMS. A rc- 
fractometer in which light from a single slit 
is divided by a five-sided prism into two 
beams. It has a resolving power consider- 
ably greater than the customary two-slit re- 
fractometer. 

REFRANGIBLE. Capable of being re- 
fracted, or measurably deviated by refrac- 
tion. 

REFRIGERANT. A substance which is suit- 
able as the working medium of a cycle of 
operations wherein refrigeration is accom- 
plished. 

REFRIGERATION CYCLE. A cycle that 
takes heat at a lower feraperature and rejects 
it at a higher. Such a cycle must receive a 
power input an external source, and the 


amount of heat rejected exceeds that taken in 
by the amount of work required to effect the 
cycle. Theoretically, any power cycle which 
is reversible could be reversed to create a re- 
frigeration cycle. Actually, practical consid- 
erations have caused modification of the re- 
versed power cycle for refrigeration use. 
Nevertheless, the ordinary vapor compression 
refrigerating cycle resembles the Rankine 
power cycle to a close degree. 

REGELATION. This thermal phenomenon 
is a direct consefiuencc of the fact that the 
melting point of ice is measurably lowered by 
intense pressure. Ice at the normal melting 
point will, if it is subject ed to pressure, be- 
come liquid, and will “regelate” or refreeze 
when the pressure is removed. Crushed ice 
or snow may thus ho molded into clear blocks 
of any desired shape. A small, heavy object 
pla<‘(*d on a cake of ice not too far below the 
moiling point will gradually bury ilsclf in the 
ice, tlie water which results from tlie pressure 
escai)ing from under it and refroezing above 
it. In the sairu' way a eak(‘ of ice resting on a 
metal grid will hook itself around the bars of 
the grid. Ice is slippery even wheu^ below 
the freezing point, because the jm^ssure of any 
hard object, as a skalc blade, i)roduces a film 
of water at the surface of cnutacl. Water 
extruded under pressure from I lie terminal 
wall of ice at the foot of a glacier sometimes 
freezes into snakelike spirals of ice. Kegela- 
tion believecl to explain the flowing motion 
of the glacier itself. Only substances which, 
like water, cx])an(l on freezing arc capable of 
exhibiting regelation. 

REGENERATION. Sec feedback, positive. 

REGENERATION, DOUBLE. Regenera- 
tion supplied to two or more .stages simultane- 
ously. 

REGENERATIVE DETECTOR. See de- 
tector, balanced. 

REGENERATIVE OSCILLATOR. See os- 
cillator, feedback. 

REGENERATIVE REPEATERING. A 

process in which each code element in a mes- 
sage is replaced by a now code element of 
specified timing, waveform, and magnitude. 

REGION OF LIMITED PROPORTIONAL- 
ITY. The range of applied voltage below the 
Geiger-Mueller threshold, in which the gas 
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amplification depends upon the charge lib- 
(Tated by the initial ionizing event. 

REGISTER. A device capable of retaining 
information which is usually a subset of the 
aggregate information in a digital computer. 

REGNAULT METHOD FOR VAPOR PRES- 
SURE. See direct or static methods for 
vapor pressure (2). 

REGULA FALSI, METHOD OF. A proce- 
dure for solving transcendental or other nu- 
merical equations. Suppose the given equa- 
tion is fix) -- 0 and that y = fix) is a plot 
of the function for various valuer of x. Fur- 
ther suppose that Xo, Xi and .Vo, yi are two 
sets of numbers obtained from such a graph. 
Then a more exact value of the root is 

X = xo + Ax, 


1 2/1) I + 1 2/1 1 

REGULAR. See analytic. 

REGULARIZATION. Formal device intro- 
duced into (juantized fi(‘ld theory (s(‘(* field 
theory, quantized) in order to remove am- 
biguities arising in the evaluation of certain 
integrals. Corre‘-ponds to adding extra fields 
with different nia‘^ses which then ar(‘ allowed 
to lend to infinity. 

REGULATION (OF A GLOW-DISCHARGE 
COLD CATHODE TUBE). Tire diffen ru c 
between the maximum and minimum anode 
voltage-drop over a range of anode current. 


the current w'hich can be supplied by such a 
circuit is rather limited, it is sufficient for 
numerous electronic circuits. 

REGULEX. Trade name for a form of dy- 
naiiKX'lectric amplifier. (See amplifier, dy- 
namoelectric.) 

REIGNITION, COUNTER TUBE. See 
counter tube reignition. 

REIGNITION VOLTAGE, In a gas-dis- 
charge device, that voltage which, if applied 
during the deionization period, is just suffi- 
cient to ree^^taldi^h conduction. It is an in- 
vei'M* function of (imc, being essentially equal 
to the normal diseharge-drop when the dis- 
charge has just been extinguished, and ap- 
proaching the peak forward voltage as the 
deionization procc^'S is com[)lete(l. 

REINSERTER. See restorer, d-c. 

REINSERTION, D-C. In television, the re- 
adjusting of the video signal at the image 
tube to the form it possessed when trans- 
mitted by tlie broadcast station. Passage of 
the video signal through the a-c coupling net- 
works of the video amplifiers results in the 
removal of tlu* d-c component of the signal. 
A d-c restorer circuit, just prior to the cath- 
ode-ray tube, reinserts this lost d-c compo- 
nent. 

REJECTION BAND. A band of fre(|ucncies 
in which the signal^ an* selectivity attenuated 
or eliminated. In a uniconductor waveguide, 
the fre(|uency ninge below the cut-off fre- 
(lueiH'y. 


REGULATION, VOLTAGE. The voltage 
regulation of a circuit or device is: 

(No load voltage) - (full load voltage) 

100 X ^ ^ ^ - 

(full load voltage) 

REGULATOR TUBE. One of tlic character- 
istics of the glow and arc types of discharge is 
their tendency to maintain a constant voltage 
across the tube. This property is used in 
the various voltage regulator lubes, w^hich are 
two electrode glow discharge tubes operated 
in the current range where this constant volt- 
age characteristic is very pronounced. When 
such a tube is connected in series with a re- 
sistance across a source of d-c it will maintain 
a constant voltage across its terminals for 
wide variations in the source voltage. While 


REJECTOR CIRCUIT. A band-rejection 
filter. (See filter, band-rejection.) 

RELATIVE APERTURE (ACCELERA- 
TORS). (A) Vertical. The ratio of the mini- 
mum veidical clearance for particle passage 
(in the accelerating chamber) to the particle- 
orbit radius. (B) Horizontal. The ratio of 
the minimum horizontal clearance for particle 
passage (in the accelerating chamber) to the 
particle-orbit radius. 

RELATIVE HUMIDITY. See humidity, 
relative. 

RELATIVE LUMINOSITY. The ratio of the 
value of the luminosity at a particular wave- 
length to the value at the wavelength of maxi- 
mum luminosity. 
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RELATIVE REFRACTIVE INDEX. See 
refractive index, relative. 

RELATIVE RESPONSE. See response, rela- 
tive. 

RELATIVE VELOCITY. See velocity, rela- 
tive. 

RELATIVISTIC LIMIT, EXTREME. See 
extreme relativistic limit. 

RELATIVISTIC MASS EQUATION. • The 

equation 

m = ?//()( 1 — 

where m is tlie relativistic mass of a body or 
I)artirlc of rest mass \\hen its velocity 
relative to the observer is i’, and c is the veloc- 
ity of liglit. 

RELATIVISTIC PARTICLE. A pUrticU* 
with a velocity so lar^o that its relativistic 
mass exceeds its rest mass by an amount which 
is significant for the computation or other 
considerations at luiud. (See relativistic mass 
equation; relativistic velocity.) 

RELATIVISTIC QUANTUM MECHANICS. 
See quantum mechanics (relativistic). 

RELATIVISTIC VELOCITY. A velocity 
sufficiently largo that the values of some prop- 
erties of a particle having this \'elocity are 
significantly difTerent from the values of the 
same properties when the particle is at rest. 
The property of most interest is the mass. 
For many purposes, the velocity is ndativistic 
when it exceeds about ono-tenlh the velocity 
of light. (See relativistic particle; relativistic 
mass equation.) 

RELATIVITY. A principle that postulates 
the equivalence of the descnjition of the uni- 
verse, in terms of physical laws, by various 
observers, or for various frames of r(‘f(‘rence. 
A tlieory that utilizes such a principle is called 
a relativity theory. (Sec relativity theory, 
general; relativity theory, special; relativistic 
mass equation; principle of mass-energy 
equivalence; etc.) 

RELATIVITY THEORY, GENERAL. Gen- 
eralization of special relativity theory (see 
relativity theory, special) to relate the meas- 
urements of observTrs who arc accelerated 
relative to each oth c and hence no longer in 
an inertial system. 'Jhe fundamental postu- 
late is the principle of equivalence from which 


may be deduced tlie equality of the inertial 
mass and gravitational mass of a system. In 
addition, one postulates a generalized rela- 
tivity principle, that the equations of mechan- 
ics have the same fonn for all observers, 
whether acceleraU'd or not. The essential 
equivalence between an externally applied 
“rear^ gravitational field and the “fictitious^’ 
inertial forces experienced by an accelerated 
observer is introduced by representing the 
motion of a system in Riemannian space of 
wliich the metric g^p rc])resents the gravita- 
tional potentials, whetluT these be “real” or 
“fictitious” A tt'st })article is tlion supposed 
to move along a geodesic in this space. The 
values of the (jf^p corrcs]>on(ling to a particular 
distributie)!) of matter are given by the solu- 
tion of the Einstein law of gravitation. For 
a point mass, the Schwarzschild solution of 
the^e eeiuatioris leads din'ctly to verified pre- 
dictions of the bending of light in a gravita- 
tional fi(‘l(l and tlie ])reces'^ion of the peri- 
helion of Mercury. (Althomrh eh'ctromag- 
ludic phenonana have not been incorporated 
into aeneral relativity theory in a completely 
satisfactory manner, the motion of a light 
ray is compuf(‘(l on the a'-Mimption ^liat it 
rnrives along a niill-geodcsic, the natural gen- 
eralization of the niill-cone of Minkowski 
space.) fn addition, the tlu'ory describes the 
gravitational red .shift of light moving from 
one f)oint to another in a gravitational field. 

"riu' thre(' al)OAa'-ment ioned observatitinal 
verificatitnis of the tlieory are also described 
by theorie'^ developed in Minkowski space 
(•-ee Whitehead theory of gravitation) but 
the sati^faetory ])hysical princi])le upon which 
general relativity llieory is ba'-ed makes it the 
most widely acce])ted thcoiy of gravitation. 

RELATIVITY THEORY, SPECIAL. Thooiy 
developed by lOinstein based on the hypotlicsis 
that the velucity of light is the same as meas- 
ured by any one of a set of observers moving 
with constant relative veloeity According 
to Newtonian theory and the Galilean trans- 
formation the mechanical motion of an oliject 
with respect to an inertial system could be 
predicted from a knowledge of the forces act- 
ing on it and the initial conditions, inde- 
pendently of any knowledge of the motion 
of the inertial system itself. Einstein ex- 
tended this to optical phenomena, postulating 
that these also could be described without 
knowing the velocity of the laboratory with 
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respect to the rest of the universe. The null 
result of the Michelson-Morley experiment 

and of other attempts to measure the velocity 
of the laboratoiy relative to the ether fsee 
ether hypothesis) was then interpreted as an 
immediate consequence of a fundamental 
principle of relativity, that the equations of 
electrodynamics have tlio same form in all 
systems in which the equations of mcchanicvS 
are valid. From this principle, and the con- 
stancy of the velocity of li^hi, it is possible 
to deduce tlie Lorentz transformation (ap- 
propriately modified in its interpretation so 
as to ignore the other and to relate the ob- 
servations of two observers moving with con- 
stant relative velocity). Since the Maxwell 
equations are covariant under this trimsfor- 
niation but the equations of Newtonian me- 
chanics are not, one is led to a modified de- 
scription of the mechanics of pnrticles which 
is in accord with the n lativity {irincijde 
This description is indistinguishable from the 
Newdonian theory for systems in which all 
n‘lati\e velocities are small compared with 
that of light, except that in this limit it also 
predicts that wdiiui a mass Wo i^ annihilated 
an amount of energy E - moc- is released. 
In the more general ease the ma^'S of a oar- 
ii(dc is given by m ^ yau, w'liere is its 
rest-mass and y — (1 — //“) wdth ^ r, 
V being the vcdocity of the jiarticle n hitive to 
the oh&eiwcT, and the expansion of E = 
in powers of fS then yiedds E 77: 
d- • • • the second term bmng the kinetic encigy 
of the ])articlc in Newdoman mechanics. The 
moment mil of a iiai’tirlc then a]')peais as 
and the rate of change of thi^ cx])ro^sion with 
respect to the time is cijual to the force acting 
on tlie particle. The relation betwa^en the 
energy E and momentum p of a free particle 
then hecomes A’- 4 ///o-rh 

In addition to leading to such w’ell-vcrik ] 
conclusions, special relativity theory Avas able 
to yield also the few valid consequences of 
the ether hypothesi.s. It pro\ided the first 
verification of the Mach principle by its in- 
sistence on tlie role of the ol^server in the 
description of iihenornena which the observer 
measures (of. quantum mechanics) and 
pointed out that even the simultaneity of two 
events at different jiositions is not an in- 
trinsic property of those events, but depends 
also on the motion of the observer who is re- 
cording them. This result emerges from Ein- 
stein’s re-interpretation of the Lorentz trans- 


formation, referred to above, and is related to 
the consequent re-interpretation of the Fitz- 
gerald factor and to the relativistic slowing 
of clocks. 

The formal identification of a Lorentz trans- 
formation with a rotation in Minkowski space 
provides a basds for representing the equa- 
tions of relativistic mechanics as relations be- 
tween four-vectors analogous to representa- 
tion of the iion-relativistic equations as rela- 
tions between vectors. In the same way that 
th(* latt(‘r representati >n ensures that the form 
of the equations shall be independent of the 
liarticular directions in which the chosen set 
of orthogonal axes happens to point, so the 
Minkowski representation ensures that the 
equations of relativistic mechanics shall be 
independent of which Lorentz observer is in- 
volved* All observers moving with constant 
relative velocity thu*^ use equations of the 
same form to dircrihe tlu* Optical and me- 
chanical ])henomena wdiieh they measure. 

The tlii'oiy has been gcaieralized to include 
relatiialy accelerated oh'^ervers (see relativ- 
ity theory, general) and to include quantum 
jihenomena (see quantum mechanics (rela- 
tivistic)). 

RELAXATION (PHENOMENA). Any phe- 
nomenon in which a systc'in requires an ob- 
‘-eiwable length of time in ordiT to respond to 
sudden changes in conditions, forces, or ef- 
fects which are ajijilied to the system 

RET.AXATION BEHAVIOR. All phenomena 
w'here eonsidf'rnt ion of oquilihrium conditions 
alone vvouk^ give an incomplete picture and 
wdiere the study of the time-dependence of the 
npproacli to eijuilihrium 4 essential for an 
adequate rom])rehension of the effect. 

RELAXATION FREQUENCY. In general 
terms, the inverse of the relaxation time. A 
sy,st(Mn is usually incapable of reacting to any 
periodic stimulus wdiose frequency is very 
much higher than the relaxation frequency 
for the effect concerned. 

RELAXATION INVERTER. A relaxation 
oscillator (sec oscillator, relaxation), fre- 
quently employing gas-tubes, used to con- 
^ert d-c power to a-c. 

RELAXATION LENGTH. In nuclear re- 
actor usage, the distance in which the intensity 
of a beam of neutrons or y-rays (in a given 
medium) is reduced to a fraction 1/e of its 
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initial value clue to absorption in the medium. 

RELAXATION METHOD. Oiiginally used 
in certain engineering ])rohloins in order to 
calculate displacements in a stnicture sub- 
jected to known loads, it may also be used 
to obtain eigenvalues and eigenvectors of al- 
gebraic or differential equations. Initial val- 
ues of the eigenvalues and eigenvectors are 
put into the simultaneous equations of the 
problem. If they were the correct ones*, each 
equation of the system would vanish; other- 
wise, there would be a set of residuals. The 
initial solutions are then varied (relaxed) un- 
til the residuals are minimized. 

RELAXATION OSCILLATOR. Sec oscil- 
lator, relaxation. 

RELAXATION TIME. In many inaterial 
phenonuma, the response to an abrupt change 
is often a tinK'-mcJisurable apiu'oach to equi- 
librium, fre(]uently exponential. Examples 
are: (1) An abrujit ctiango of magnetizing 
force usually does not produce an instantane- 
ous, corresponding eliange in magnet ie indue- 
tion, but the new value is approached over a 
I>eriod of time. TIu' lime constant involved 
in such a phenomenon is often callc'd relaxa- 
tion time; if ecjuihbrium is ajiproached exjio- 
nentially it is the time for (I — 1/e) of the 
total change to take place. (2) A case closely 
related to the foregoing is that of a crystal 
in which all the sjiins ure aligned bv a mag- 
netic* field, wdiicli is then removed. The mag- 
netic moment will then d(*cay to zero; if this 
d(*cay is exponential with time, of the fonn 
e then t is tlie relaxation tiim*. (3) The 
time for which an electron may travel in a 
metal before it is scattered, and loses its mo- 
mentnin. (4) The time neces'-ary for a stress 
in a Maxw^ellian fluid (see fluid, Maxwellian) 
at rest to decay to 1/c — 0 368 of its initial 
value. The apparent solidification of vitreous 
materials is due to a veiy rapid increase in 
the relaxation time 

RELAY. The electrical relay is a device 
which utilizes the variation of current in an 
electric circuit as a rout rolling factor in an- 
other. For exam])le, a certain eliange of cur- 
rent in one circuit may cause current in an- 
other, by the operation of a relay connected 
between them. Then* are numerous types of 
electrical relays, as cxjcy have been widely 
used in industry, particularly in apparatus of 


an automatic or semi-automatic nature, or 
for the protection of electric power equip- 
ment, or for communication systems. Pro- 
tective relays are highly specialized and de- 
veloped to where they will detect any elec- 
trical abnormality, and open the circuit con- 
taining that abnormality in any required time 
interval. Suitable relays will detect over- 
current, under-current, over-voltage, under- 
voltage, overload, reverse current, reverse 
power, abnormal frequency, high temperature, 
grounds, and phase unbalance. 

Usually the relay involves two circuits, the 
energizing circuit and the relay circuit (the 
latter variously called tlie trip circuit, the 
sounder circuit, etc.). Protective relays may 
close the trip circuit immediately, or after a 
definite time interval, or after an inverse time 
interval. Tf the trip eireiiit contacts are nor- 
mally open, fhe relay is called circuit closing; 
if they are normally closed, the relay is called 
circuit opening. 

RELAY, ALLSTROM. See Allstrom relay. 

RELUCTANCE. Sec* magnetic circuit, 

RELUCTANCE PICKUP. A med^inical- 
electrieal transducer in v/liieh the movement 
of an armature changes the reluctance of a 
magnetic path eontaiiiing a iieimanent mag- 
net, thus raiising a change* in flux which re- 
sults in an induced voltage in the output 
eoil(s) . 

REM, Abbreviation for roentgen equiva- 
lent, man. 

REMANENCE. The residual induction Br 
when the magnetizing field is reduced to zero 
from a value* .sufficient to saturate the mate- 
ri?d. (See hysteresis.) 

REMOTE CONTROL. A system or method 
of controlling any equiinnent or assemlily, 
such as a radio transmitter, whereby the con- 
trol functions arc performed from a distance, 
electrically, over intervening wire- or radio- 
circuits, 

REMOTE CUT-OFF TUBE. A tube which, 
by virtue of unevenly-spaced grid-wires, has 
a transconductance which varies essentially 
logarithmically over an appreciable range of 
negative-grid voltages. The action is similar 
to that of several elemental tubes of different 
amplification factors operating in parallel. 
(See tube, variable mu.) 
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REMTRON. A gas tube frequently em- 
ployed in computers and counters. 

RENORMALIZATION OF CHARGE. See 
self -charge. 

RENORMALIZATION OF MASS. Process 
of adding to the mechanical mass of a par- 
ticle the extra mass it possesses in virtue of 
its self-interaction, and of recognizing that 
the measured mass is the sum of those two, 
which are not separately distinguishable ex- 
perimentally. Tlio process is of particular 
use in quantized field theory (see field the- 
ory, quantized), in which the mass arising 
from self-interaction is infinite. 

REP. Abbreviation for roentgen equivalent, 
physical. 

REPEAT POINT. The location on tlie tun- 
ing dial of a superheterodyne receiver which 
receives an image-frequency tran&mi^bion. 

REPEATABILITY. A measure of deviation 

of test results from their mean value, all de- 
terminations being carried out by one opera- 
tor without change of apparatus m those cases 
where the manner of handling apparatus can 
alter results. 

REPEATER. (1) A repeating coil. (2) A 
device for receiving, amplifying, and retrans- 
mitting a signal or wave. The ap])liration 
may involve telephone or telegraph lines, 
wuiveguides, or a complete radio reeeiver- 
ii'ansmittcr (in which rase ree(‘ption is on 
one frequency and transmission on another, 
to prevent interference). Tn communicating 
over long lijies the electrical pulses gradually 
become attenuated and often distorted so they 
must be built back to sufficient amplitude and 
correct shape to satisfactorily operate tlie re- 
ceiving equipment. The restoration of these 
attenuated signals i« tlu' fnnelion of repeatei^. 
In telegraph circuits various mechanical re- 



only, for the receiving station cannot break 
the circuit, as it would have to do in order to 
insert a key. A repeater station, more com- 
plicated than that diagrammed, can be in- 
stalled to provide two-way telegraphy. Two 
repeaters having holding coils, and extra bat- 
teries are required in this system. These, 
however, do not restore the original spacing 
and shape of the pulses and the resulting sig- 
nals may si ill give* false operalion of the re- 
ceiving devices. In order to overcome this 
fault regenerative repealers are used on many 
telegraph circuits, particularly on teletype or 
ju'inting circuits. Moreover, in digital elec- 
tronic computers, extensive use is made of 
fa'^'t-aeting repeaters. 

REPEATING GOIL. A transformer (usually 
with aj:l ratio) employed in telephone lines 
to prevent conductive coupling between two 
lino-sections. 

REPELLER. See klystron, repeller. 

REPETITIVE ERROR. The maximum de- 
viation of the controlled variable in an auto- 
matic controller from the average value upon 
successive return to specified ()]'crating con- 
ditions following specified deviation there- 
from. 

REPLICA GRATING. The ruling of a dif- 
fraction grating is a complicated and expen- 
sive process. It has l)een found possible to 
flow certain j)la^lic .solutions over an original 
grating and, after (lie cvajKiration of the sol- 
vent, a film can be removed wliieh has all of 
the lines of I lie grating impressed upon it. 
The techniciues of making .such replica grat- 
ings are not .simple, but the co.st is minor com- 
parod to tliat of an original grating. 

REPRESENTATION OF A GROUP. If Ax, 
A 2 , Aliy An arc abstract elements of a 
group (t and Di, Dj, Da, • * *. D„ arc s(|uare 
matrices forming a group isomorphous with 
(r, then the matrices arc n-dimcnsional ma- 
trix repre.'^entotions of G. 

It i'^ often })os.«ible to find a transformation 
Q ^D.Q so that each matrix is changed to 
the form 



peaters are often used. One of the simplest 
is shown in the diagram. In this simple form 
communication is possible in one direction 


w^here D/ is of order m < n and D/' is of or- 
der (n — m). The representation is then 
said to be reducible. The process may be 
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repeated until no further reduction can be 
achieved. The representation has thus been 
completely reduced and is now irreducible. 

REPRESENTATIVE OBSERVATIONS. 

Observations wliich give the true or typical 
meteorological conditions prevailing in an air 

mass. 

REPRODUCER GROUP. A disc-record re- 
producing combination consisting of atsinglc 
element re])roducer with its supporting arm 
and eciualizer equiimient. 

REPRODUCING SYSTEM, SOUND. A 

combination of transducing devices (see 
transducer) and associated eciuipinent for re- 
producing recorded sound. 

REPULSION, ELECTROMAGNETIC. See 
electromagnetic repulsion. 

REPULSIVE FORCES. Forces I >et ween 
bodies which tend to inov(' tluan ixpavi Tin* 
existence of such forces between molecules is 
shown by their collision diameters and simi- 
lar pro])erties; while in the ca‘>e of (‘rv^tals 
these forc(‘.^, in e(iuilibrium with forces ol at- 
traction, result in the formation of a stable 
ionic system. 

REPULSIVE FORCES IN LIQUIDS. The 

rejiulsive forces betweem molecules of a lifj- 
uid decrease very rapidly witli distance be- 
tween tlic molecule centers, and are often a])- 
proxiinaled by an attractive force varying as 
a high negati^*e ])o^^er of the sc])aration, eg, 
a twelfth power. They are similar in origin 
to covalent forces, and accornf>any the in- 
crease in potential energy reciuired to raise 
the electron density in the overhqiping parts 
of the molecules. 

REPULSIVE POTENTIAL. The force be- 
tween two atoms keejiing them ajnirt at short 
distances is due to the overhifiping of the elec- 
tron clouds, especially of the closed shells of 
electrons. The potential, <h, may be approxi- 
mately represented as a function of the inter- 
nuclear distance, r, in many ways, the form 


a 



where n is usually aoout 10, being very con- 
venient. 


RE-RECORDING. The process of making a 
recording by reproducing a recorded sound 
source and recording this reproduction. 

RE-RECORDING SYSTEM. An association 
of reproducers, mixers, amplifiers, and re- 
corders capable of being used for combining 
or modifying various sound recordings to pro- 
vide a final sound record. Recording of 
speocdi, music, and sound effects may be so 
combined. 

RESET, DEGREE OF. The reset flux level 

(‘xpressed as a percenlage or fraction of the 
reset flux level recpiired to just prevent firing 
of tlic reactor (see reactor (2)) m the subse- 
c|uent gating alternation under given condi- 
tioRs. (See amplifier, magnetic and following 
entries.) 

RESET FLUX LEVEL. The difference in 
saturable reactor (‘ore flux level between the 
saturation level and the level attaim^d at tlie 
end of the resetting alternation (See ampli- 
fier, magnetic and following entrii's.) 

RESETTING (PRESETTING). Tin; action 
of changing saturable reactor core* flux level 
to a controlled ultimate re^et hw el wdiich de- 
termines the gating action of the nrielor dur- 
ing llio Mibseepient gating jdternaiion. The 
ternih rf.^cttuio and prcactfinq ar(‘ vyuouy- 
nious in common ii'^age. (See amplifier, mag- 
nclic and following entries.) 

RESETTING HALF-CYCLE. That half- 
cycU' of the magnetic amplifier a-c supply 
voltage (luring wdiich resetting of the satu- 
lablc reactor may take plactr 

RESETTING INTERVAL. That interval of 
the cycle during which the saturable reactor 
core flux level is actually changing from the 
saturation level to the reset flux level. (See 
amplifier, magnetic and followdng entries.) 

RESIDUAL BLUE. A phenomenon ob- 
served with white light scattered by small 
particles in suspension. Viewed through a 
suitably-oriented Nicol prism, the scattered 
light appears blue. 

RESIDUAL INDUCTION (B,). The in- 
duction in a magnetic sample after removal 
of a saturating magnetizing force. (See 
hysteresis.) 
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RESIDUAL RADIATION. When light or 
other radiation falls on the surface of a trans- 
j)arcnt body, part of it is reflected, part is 
transmitted, and part is absorbed. The spec- 
trum of the transmitted portion, when com- 
])ared witli that of the original radiation, may 
reveal that certain sharply definc'd wave- 
length ranges have failed to get through, but 
does not indicate whether they have been 
absorbed or reflected. 

Transparent media sometimes refl(‘et very 
copiously those T\avolengths whose absence 
from the transmitted radiation cau'^es con- 
spicuous absorption bands. Quartz, for ex- 
ample, reflects (or absorbs and re-radiate^) 
infrared radiation of S o microns and also that 
of 20 microns wavelength almost as well as a 
polished metal. Rock salt does the same at 
oO microns. Rubens and Nichols devised an 
ingenious method of isolating beams of these 
infrared rays by ndlectioii at polislied ‘sur- 
faces of (]uaitz or rock salt, the residue, after 
several reflections, calk'd by them Rest- 
sfrahlen (residual rays), being almost mono- 
chromatic Analogous jn’operties are exhib- 
ited in tlie visible' sj)(‘ctnun by many aniline 
flyes, the selectively n'fk'cted light appearing 
as a ‘Surface color’’ complementary to the 
transmitted imrtion. 

RESIDUAL RANGE, See range. 

RESIDUAL RESISTANCE. Tliat ])art of 
the ('Icctiieal rc'sistaiice of a me^al vvhieh is 
indept'iident of tlie temi)('rature, and hence 
remains wlien the resistance due to seatte’ing 
of the electrons by lattice vibrations i^ made 
small at low tcmiperatun's (see conductivity, 
electrical). Residual rt'sistance is caused by 
impurities and imperfeetions in the crystal, 
and hence may be reduced by purification, 
annealing, etc. 

RESIDUE. If f{z), a function of the com- 
plex variable, has a pole at z ~ Zn so that it 
may be expanded in a Laurent series 
2())”, then the coefficient n , is the residue 
of the function at the point Zo. (See calculus 
of residues.) 

RESIDUE THEOREM. See calculus of 
residues. 

RESILIENCE. The resilience of a body 
measures the extent to which energy may be 
stored in it by elastic defonnation. The im- 
plication of the word “stored” in the above 


definition is that this energy may be released 
in the form of mechanical work when the 
force causing the elastic defonnation is re- 
moved, and that resilience is a property of a 
material within its proportional limit. The 
“modulus of resilience” is the maximum en- 
ergy storage in a unit volume of the material. 
In practical units it is the inch })ounds of 
energy ston'd in a cu. in. of tlie material 
stressed to the ])roportional limit (elastic 
limit) ^ The modulus of resilience is directly 
proportional to the ^ juare of the stress, and 
imersoly proportional to the modulus of elas- 
ticity. 

RESISTANCE. The uses of this term in 
phy^ies are in accordance with its general 
meaning of “that which tends to oppose mo- 
tion (1) Mechanical resistance the op- 
j)OMtion oflV'red by a material body In forces 
which tend to ju'odiiee motion. This me- 
chanical rc'^istaiue may arise from friction, 
from stresses ‘^l't up in rigid anchors, or from 
inertia. Wliencvir the ])()W'er divsi))at('d in 
friction is proportional to the scpiare of the 
velocity, mcrlianical resistance may l^e de- 
fined as the H'al ])art of mechanical imped- 
ance, the unit of wdiich is the mechanical 
ohm. (2) Elootrie conductors are believed 
to coni :i in free electrons, the movement of 
whi(*h (hrougli the subMance constitutes elec- 
tric conduction. In this migration the mov- 
ing ])artiel('s evidently meet wuth some re- 
straint, since heat is generated. Electrical 
resistance is the factor bv w'hich the square 
of the instantaneous conduction current must 
b(' multiplied to give the powder lost by dis- 
sij)ation as heat or other pennanent radiation 
of energy aw'ay from the eh'ctric circuit. 
^Considc'r the “radiation resistance” of an an- 
(enna.) The unit of electrical resistance is 
the ohm. (3) Acoustic resistance is defined 
as tlie real component of acoustic impedance, 
(he eommonly-uscd unit being the acoustic 
ohm. Acoustic flow resistance (d-c acoustic 
ro'^istance) defined as the quotient of the 
pre^sure difference between the two surfaces 
of a sound-ab'^orbing material by the volume 
current tlirough Ihc material. (4) Fluid re- 
.si^tance is the opposition offered by gases or 
liquids to the passage of bodies through them. 
(See viscosity, fluid friction.) 

RESISTANCE, BLOCKED. See blocked re- 
sistance. 
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RESISTANCE BOX, A laboratory resistor, 
enclosed in a box, with provision for exter- 
nal adjustment. 

RESISTANCE BOX, DIAL. A resistance 

box with dial switches allowing connection of 
the resistors m various combinations so that 
the rcsistaiKT between the terminals may be 
varied in steps. 

RESISTANCE BOX, PLUG. A resistance 

box whose individual resistors are connected 
to heavy metal blocks on tlic cover. Individ- 
ual resistors are shorted by wedging metal 
])lugs between adjacent blocks. 

RESISTANCE BOX, POST OFFICE. See 
post office box. 

RESISTANCE, BRONSON. See Bronson re- 
sistancc. * 

RESISTANCE, EXTERNAL. The resist- 
ance of that part of the electric circuit which 
lies outside the source of the current, eg., the 
resistance of a wire and otlier appar.atus con- 
nected externally between the poh's of an elec- 
trolytic cell or cells 

RESISTANCE, FLOW (D-C ACOUSTIC 
RESISTANCE). The quotient of the pres- 
sure difference betv\een the twm surfaces of a 
sound alisorbiiig inati'rial, in dynes/enr, by 
the volume current through the material in 
cm^/s(‘c. The unit i^s the acoustical ohm. 

RESISTANCE, FORCING. A rcsi.stance 

placed in scries with a control winding of a 
magnetic or dynamoelectric amplifier to 
cause it to have a higher speed of response. 

RESISTANCE, FOUR TERMINAL. A stand- 
ard resistance having four points at which 
connection to an external circuit may he made. 
Tlie two outer terminals are used to connect 
the resistance to the source of current; the 
potential difference across the two inner ter- 
minals may then be measured without inter- 
ference due to variable resistance at the cur- 
rent terminals. 

RESISTANCE, INTERNAL. The resistance 
within the apparatus which is generating an 
electric current; e.g , in a cell, the resistance 
of the electrodes and the electrolyte solution. 

RESISTANCE, INTRINSIC (<^0- The real 
part of intrinsic impeJance. (See secondary 
electromagnetic constants.) 


RESISTANCE, NEGATIVE. A negative 
resistance exists in a circuit when the de- 
rivative of voltage across the circuit with 
respect to the current through the circuit has 
a negative value. 

RESISTANCE NOISE OR JOHNSON 
NOISE. See noise, thermal. 

RESISTANCE PYROMETER OR THER- 
MOMETER. The fact that the electrical re- 
sistance of a metal wire increases with rising 
temperature is the basis of a very useful class 
of instniments. One has only to calibrate a 
given length of wire, as to its resistance in 
relation to its tempeiature, enclose it in a 
suitable protecting tube, and keep it connected 
with the resistance-measuring bridge, to have 
a resistance thermometer adapted to a variety 
of uses over a very wide temperature range. 
The metal nearly always employed is plati- 
num. The variation of resistivity with tem- 
perature of platinum is very nearly linear, be- 
ing (dosely approximated by the formula 
r = 0.000000037/ + 0.000011, in ohm-(‘enti- 
meters and eentigrad(' d('gr(‘es. Callendar 
found lliat for any giv(*ii i)latinum row'^laiiee 
thermometer tluTc i^ a slight ^y'^tematie de- 
parture from this fonmila, eharaeteristic of 
the particular sample of wire It is best, 
tlierefore/' to calibrate each inurnment 
throughout the range for wdiieh it is intended. 
(See thermometry.) 

RESISTANCE, SPECIFIC (RESISTIVITY). 

A proportionality factor charaeterislio of dif- 
ferent suh'-tances ecpial to the resistance that 
a centimeter cube of the substance offers to 
the passage of electricity, the current being 
perf)en(licular to two parallel faces. It is de- 
fined by the exi)ression: 



where K is the resistance of a uniform con- 
ductor, I is its length, A is its cross-sectional 
area, and p is its resistivity. Resistivity is 
usually expressed in ohm-centimeters. 

RESISTANCE, SPECIFIC ACOUSTIC. The 
real component of the specific acoustic im- 
pedance. (See impedance, specific acoustic.) 

RESISTANCE, ‘‘SPREADING.” In a point- 
contact rectifier, the effective series resi^ance 
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of the unit, which is not due to the resistance 
of the barrier layer. 

RESISTANCE, STANDARD. A specially 
designed and constructed resistor, whose re- 
sistance is accurately-known and stable 
against drift. 

RESISTIVE-WALL AMPLIFIER. An elec- 
tron-beam amplifier in which the beam flows 
near a resistive wall. Gain is obtained 
through interaction between the stream- 
charge and the wall-charge, which i^ induced 
])y the stream. The wall-charges act on the 
stream so as to cause larger and larger 
bunches to be former!, wliich result in cx]K)- 
nential growth of the original signal wiili dis- 
tance. Gain and gain-bandwidth are com- 
parable to other forms of traveling wave 
tubes, and the stability is inlun’onily greater. 

RESISTIVITY. See resistance, specific. 

RESISTOR. An eleiuenl of apparatus used 
to offei resistance to an (‘Ic'ctric current. 

RESISTOR, BALLAST. S( e ballast tube. 

RESISTOR, BIFILAR. A resistor wound 
with a wiie doubled back on it'^elf, like a 
long, narrow' hairpin, to reduce the induct- 
ance. 

RESISTOR, CHAPERON. A rcMstor witli a 
modified ))ifilar w'inding lo reduce dislrib- 
uti-d capacitance a‘< wa'll as self-iiiduetance. 

RESISTOR, CURTIS WINDING. A type of 
winding designed to naliiee rr.sidual induet- 
aiicc and capacitance. Tins achieved by 
reversing the direction of alternate turns, by 
passing the wire through a diametnil slot on 
a cylindrical coil form. 

RESISTOR, THOMAS TYPE. Tliomas 
standard resistors are w’ound of bare ruan- 
ganin wire, annealed in an inoid/ atmosphere, 
and sealed in a dry, doiibh'-wuillod container. 
Tlicy are very stable against aging drift, and 
are used at the National Bureau of Standards 
to maintain the ohm. 

RESISTOR, WENNER WINDING. A type 
of winding designed to reduce residual in- 
ductance and capacitance. Alternate turns 
are reversed in direction by looping them 
around a heavy, longitudinal cord. 


RESISTOR, WOVEN-WIRE. A resistor hav- 
ing low capacitance and inductance, wound 
with a ribbon containing the resistance wire 
in a zigzag pattern. 

RESNATRON. A high-power, high-efli- 
ciency, cavity-resonator tetrode designed to 
operate in the VHF region. Up to 60 KW, 
(AV, efficiencies of 00% have been obtained. 
The principle of operation is similar to that 
of a class C oscillator, w'ith careful attention 
to beifm focusing playing a large part in the 
high efficiencies achieved. Cavities compris- 
ing the oscillating circuits are w'ithin the vac- 
uum envelope, and are Imilt integral with the 
electi'onic elements of the tube. 

RESOLUTION. A tenn used in a number 
of specific cases in science to d( note tlie proc- 
ess of i^eparatiiig closely -related fonns or en- 
fiiies or the degree to which tiny can l)o dis- 
criininaied Tlie term is most frequently 
used in 0 ])tics to denofe the smallest exten- 
sion which a inngnifying instnmient is able 
to separate or the smallest change in w'avc- 
length which a spectrometer can differentiate 
In this last sense, it is defined as the ratio of 
the average wavelength (w'ave number or fre- 
quency) of tw'o spectral lines, w’hich can just 
he detected as a doublet, to the difference in 
Iheir w'avclengths (wave numbers or frequen- 
cies). The term resolution is also applied 
to Midi varied jirocM'sscs a^ the separation of 
a racemic mixtun‘ into its optically-active 
compommts or as tlie breaking up of a vec- 
torial (tiiantity into components. 

RESOLUTION CH \RT. A chart employed 
to du‘ck tlie linearity, definition, and contrast 
of Iclevision systems. 

RESOT XTTION, EFFECT OF INCREASING 
^^AVELENGTH. Since the effect of in- 
creaMiig w'a^eleIlgth u])on resolution is given 
by the relationship 

Av = -(AX)/X2, 

wdiere Ac is the change in w'ave number cor- 
responding to a change in w^avclength AX, at 
a wavelength X, thenffure, the re.solving power 
in W'ave number units increases rapidly for 
a given resolving pow'er in w'avelengths. For 
this reason, investigation^ in the radiofre- 
quency region are important. 

RESOLUTION OF MASS SPECTROM- 
ETER. The separation of adjacent peaks of 
a mass spectrum by a mass spectrometer. 
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RESOLUTION SENSITIVITY. The mini- 
mum change in the measured variable wliich 
produces an effective response of the instru- 
ment or automatic controller. 

RESOLVER. Means for resolving a vector 
into two mutually perpendicular components. 

RESOLVING POWER. (1) The ability of 
an optical system to resolve, i.e., separate, 
two entities, such as the ability of a tele- 
scope to separate the images of the two stars 
of a double star, the ability of a microscope 
to sejiarate the images of two points which 
are close togetlier, and the ability of a spec- 
troscope to separate two spectral line<. IMost 
studies of resolving power are based on the 
Rayleigh criterion of resolving jiower. (la) 
The resolving power of a microscope is given 
by the relation d — 1.22 A/2 N.A., wJierc cl 
is the linear separation of two points, A is the 
wavelenglli used, and N.A. is the numerical 
aperture of the object lens, (llj) ]\Iost tele- 
scopes have large objective lenses in order to 
have large light-gathering power, and to have 
high resolution. This liigh resolution may 
produce resolved images too close together 
to be re>solved by the human eye. Hence an 
eye-lens or ocular is included in tlie system 
for the purpose of magnifying the initial 
image so that the eye can see it as resolved. 
Note that no amount of magnification of the 
initial image can increase the resolving pow^r 
of the telescope ovtT tlie resolving pow(»r of 
the ohjective lens. (2) By extension, the 
term applies to instruments separating par- 
ticles. The resolving power of a ma.ss spec- 
troscope is the higliest value of the ratio 
m/Am for the complete separation of the 
mass spcctnnn lines diflering by A/;i in mass 
(3) In a unidirectional antenna, the resolving 
power is the reciprocal of its beam width, 
measured in degrees. The resolution of a 
tiireotional radio system can be different from 
the resolving power of its antenna, since the 
resolution is affectc'd by other factors. 

RESOLVING TIME (OF A RADIATION 
COUNTER). The time from the start of a 
counted pulse to the instant a succeeding 
pulse can assume the minimum strength to 
be detected by the counting circuit. (This 
quantity pertains to the combination of tube 
and recording circuit 1 

RESONANCE. (1; .Jveiy physical system, 
in general, ha® one or more natural vibration 


frequencies characteristic of the system itself 
and determined by constants pertaining to the 
system. Thus a flexible string of length I 
and mass S per unit length, and subjected to 
a tension /, will, if struck or plucked and left 
to itself, vibrate with frequencies equal to 

21 \ 5 

and to various integral multiples ther(‘of 
(overtones). If such a system is given im- 
pulses with some arbitrary frequency, it wdll 
necessarily \ibratc with that frecpicncy even 
though it is not one of those natural to it. 
These “forc(*d vibrations” may be very fee- 
ble; but if the impressed frequency is varied, 
the response becomes rapidly more vigorous 
whenever any one of the natural frecpiencies 
is approached, its ami)litu{le often increasing 
many fold as exact synchronism is reached. 
This <'ff(‘ct is known as resonance*. Tlie many 
uses of this conception in pr(‘sei)t-flay pliysics 
stem from this initial use in uu'chanics or 
acoustics to denote a i)rolongati()ii or rein- 
forcement of sound ])y induced vibration. 
Such acoU‘'tical (and in(‘chariical) 
can oftf'H be represcMited by a differential 
equation of tlie form 

dx 

R - + = A cos oif 

dr- dt 

which permits a matliematical statement of 
velocity resonance and displacenu'nt reso- 
nance (see resonance, velocity and re.so- 
nance, displacement) as showui in tlie follow- 
ing table. (2) Fflectrical resonance is a con- 
dition wliich tends to produce relatively great 
currents in reactive circuits. There are two 
typos, scries resonance and parallel reso- 
nance, us exiilained in the following discus- 
sion. In an a-o circuit containing inductance 
and capacitance in scries the impedance is 
given l)y 

where R is the resistance, <*> is 27r times the 
frequency, L is the inductance, and C, the 
capacitance. It can readily be seen that at 
some frequency the tenns in the brackets will 
cancel each other, and the impedance will 
equal the resistance alone. This condition, 
wdiich gives a minimum impedance (and thus 
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TaBLL of PllOPKRTIES OF RUSONANT SYSTEMS 

A COS 0)1 


Frequency 

Amplitude of displacement 

Amplitude of velocity 


Phase of displacement with 
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For Values of R, small compared to \/7r/lf, there is little difTeieiice between the thiec cases disciis‘-ed above. 


a niaxinium current for a fixed impressed volt- 
age) and unity ] lower t art or is known as sc- 
ries resonance \\dieic the resistance is small 
the eurient may become quite lar^^e. As the 
^oltaffe dro}) across tlu' condenser or coil is 
the iiroduet of the eurrtaif and llie impedanc(‘ 
of that particular unit it may also Income' 
Aciy laipe Tlie condition of resonance may 
e\en j^he lise to a \olta”;e acioss one* of these* 
units winch is many times tlie voltaic* acro--s 
tlie whole circuit, bcine;, in fact, Q times the 
applied voltacje for the condenser and nearly 
the same for tlie coil. This is jiossible since* 
tlie drops across the coil and condemscr aie 
nearly 180° out of pliasc anel thus almost e*an- 
cel one another, leaving a rclatn'cly small volt- 
age across the circuit as shown in Fig lb. 
For a circuit composed of an inductance unit 
in parallel with a capacitrincc the opposite 
effects of these two types of react anec will 
counteract one anothe*r at seune frequenev and 
produce unity power fad or for the circuit. 
This is parallel resonance or antircsonance as 
it is sometimes called In such a circuit the 
currents in the individual branches may he 
many times that in the line since they are out 
of phase and combine veotorially to give the 
line current. The impedance of a parallel 
resonant ciremt is v('ry liigh, its behavior be- 
ing almost identical with that of tlie eurront 
in a series circuit if the Q of tlie parallel cir- 
cuit is above 10. Fig 2 shows a typiea^ fre- 
quency-response curve for resonant circuits, 
the ordinates being current for a scries and 


impedance for a parallel resonant circuit. In 
^enc'^ resonance the resonant condition is 
gi\('ii exactly by the following expression 



SeriPS 

(a) Resonant Circuits 


Parallel 



Senes Poiallet 

{b) Vector Relations 


Fig 1 

which aKo liolds for parallel resonance if the 
Q IS high: 

CoL = 1 

Both tj'fies of resonance arc widely used in 
eomnnmieation circuits to select certain fre- 
quencies ill preference to others. An example 
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is the tuning circuit of the radio receiver. 
(3) Resonance phenomena are exhibited by 
all systems in motion, including molecular, 



atomic and idectronic systems. The apjiroach 
of quantum me(‘hanics clarifies llie behavior 
of such systems (see resonance, quantum- 
mechanical ) . See also the discussions of reso- 
nance level; resonance radiation and reso- 
nance spectral lines. (4) Another resonance 
phenomenon involving ch'ctroiis or atomic nu- 
clei is magnetic resonance (see resonance, 
magnetic; and nuclear magnetic resonance). 

(5) The teun resonance is oftcMi used ad- 
jectivally. (See resonant.) 

RESONANCE ABSORPTION, NUCLEAR 
AND ELECTRONIC SPIN. Tlie selective 
absorption of electromagnetic energy by a 
system of free particles fiossossing sjiin, when 
the energy of the radiation is equal to the 
spacing between tlu’ Zeeman components of 
a single spectral level, 

RESONANCE ABSORPTION (NUCLEAR 
REACTOR). The absorption of neutrons 
with eiuM’gies corresponding to a nuclear reso- 
nance level of the absorber. S()m(‘times u'^ed 
for absorption of all neutrons but thermal 
neutrons. (See neutrons, thermal.) 

RESONANCE, AMPLITUDE. See oscilla- 
tion, forced. 

RESONANCE CAPTURE. The capture of 
an incident particle into a resonance level of 
the resultant roinpound iiueieus. Hesonance 
capture is characterized by having a large 
jirobability (cross section) at and vc?y close 
to the resonance energy involverl, in com- 
fiarison wilh energies som(‘\\iiat removed from 
tlic resonance energ' 

RESONANCE, DRI\ ING-FORCE. See res- 
onance frequency. 


RESONANCE, DISPLACEMENT. Dis- 
placement resonance exists between a body, 
or a system, and an applied sinusoidal force 
if any small change in frequency of the ap- 
plied force causes a decrease in the amplitude 
of displacement. (See table under reso- 
nance; and oscillation, forced. 

RESONANCE ENERGY. The kinetic en- 
ergy, measured with reference to the labora- 
tory system, of a i)arlicle that will be cap- 
Uired or scattered preferentially because of 
the presence of an appropnate resonance 
level in the compound nucleus (incident par- 
ti(‘le plus target nuch'us). The relation of the 
re^Nonance energy Efeg to the energy of exci- 
tation of the resonance level above the 
ground state of the compound nucleus is given 
by the expression 

mass of compound nucleus 

Eres = (Erxe Tiff) ; 

mass of target nucleus 

where E^i is the binding energy of the incident 
particle in th(' corn[)ound nucleus. 

RESONANCE ESCAPE PROBABILITY 
(NUCLEAR REACTOR). For a neutron 
slowing down >\ithout leakage, the resonance 
escape probability between two energies is the 
probability that a neutron at the higher en- 
ergy will reach the lower energy, rather than 
be absorbed. 

RESONANCE, FERMI. Sec Fermi reso- 
nance. 

RESONANCE, FERROMAGNETIC. See 
ferromagnetic resonance. 

RESONANCE FLUORESCENCE. Also 

called resonance radiation. The emission by 
an excited atom of a radiation of the same 
fn'quency as tlu' f‘xeiting radiation. 

RESONANCE FREQUENCY. (1) For a 
general discussion of n’sonance frequency, see 
forced oscillations. (2) A frequency for 
which some measure of the response of a cir- 
cuit element is maximum (or minimum). 
Thus amplitude resonance occurs at that fre- 
quency for which a given amplitude stimulus 
yields a maximiiin amplitude response, phase 
resonance occurs when the response is in phase 
with the stimulus (i.e., at the frequency yield- 
ing zero reactance), and period resonance oc- 
curs wlien the driving-force frequency is the 
natural frequency of the circuit element. (3) 
The frequency of a mode of elastic vibration 
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of a crystal such as quartz, which is coupled 
through the piezoelectric effect to an elec- 
trical system. 

RESONANCE FREQUENCY OF A CAPAC- 
ITOR. A (physical) capacitor possesses not 
only capacitance, but also inductance and re- 
sistance. At high frequencies, the inductance 
of the terminal leads becomes important, and 
results in series resonance at some frequency. 

RESONANCE LAMP. If tlie light from a 
quartz mercury arc is arranged to strike an 
evacuated quartz bulb containing a drop of 
mercury the resonance line (A2537) is ab- 
sorbed by the mercury vapor so that little or 
no radiation passes through the vapor directly. 
However, tlie bulb now acts as a source of 
radiation of the pure resonance line. Such 
sources are called rcHonancc lam])s. (See 
resonance fluorescence. ) 

RESONANCE I.EVEL (NUCLEAR). An ex- 
cited level of the comijoimd system capable 
of being formed in a collision between two 
systems (e.g., belw'(‘eu a nucleon and a nu- 
cleus). In a plot of cross section versus 
energy, then' will usually be a maximum cor- 
responding to each resonance level. (See 
resonance energy.) 

RESONANCE, MAGNETIC. When a sub- 
slanee containing unpaired nuclear or elec- 
tronic spin or orbital magnetic moments is 
placed in a sirong magnetic field, its energy 
li‘V('ls are split into tw'o or more levels, de- 
pending on the orientation of the magnetic 
moment to the field. An oscillatoiy magnetic 
held at right angles to the constant field can 
(hen induce transitions between th(‘se levels, 
if the frequency of oscillation satisfies the 
quantum condition for the energy separation 
of the levels (cf. Zeeman effect I . Tlie transi- 
tions may be observed by the energy absorbed 
from the oscillating field at the resonance fre- 
quency. The pattern of resonance lines (in 
practice, the frequency is kept constant, and 
the strong field varied slowdy) has boon in- 
terpreted in a wide range of paramagnetic 
salts in determinations of nuclear magnetic 
moments, in studies on impurities in solids, 
etc. 

RESONANCE NEUTRONS. See neutrons, 
resonance. 

RESONANCE, NONLINEAR. Provided the 
dissipation of the system is low, the curve of 


the response (e.g., rms value) to a driving 
force, of a double energy-storage, passive sys- 
tem containing at least one nonlinear energy 
storage element, may be double-valued over 
a certain range, when plotted against the in- 
dependent variable of driving force, or fre- 
quency, or one of the system parameters, 
Sueh a system is said to be in nonlinear reso- 
nanec, if the operating point is on the ui)p€r 
leg of tliis double-valued rcspon.^c curvx, and 
if the low'csi-frequoncy component of the re- 
sponse is of the s:unc ‘‘requency as the funda- 
mental frequency of the driving force. If the 
circuit parameii'rs or the excitation or botli 
preclude the existence of a double-valued 
response, the system is said to be in nonlinear 
resonance if the operating point is in that 
range of the curve of respoiisc (e.g., rms 
value) .versus <lriving foice, in wliieh the slope 
of the curve is gn'ater than (he slope in the 
vicinity of tlie origin. (See' also ferroreso- 
nance.) 

RESONANCE OF TUBES. The increase in 
the average sound em'i’gy d(‘ti.<ity in a tube 
because of the reinforcement of sound waves 
traveling in opposite duTctions wdth proper 
phase relations. The fundamental resonant 
frequency of a tube ofien at hotli ends is equal 
to c/2l, where c is the \t‘]()city of sound in 
cm /sec, and I is the length of the tube in cm. 
For a tube ojK'n at one end only, the corre- 
sponding resonant frequency is equal to c/4.1. 
Both expressions are ajiproxiniate, being sub- 
ject to small corrections for the cross-sectional 
size of (he tube. 

RESONANCE, PHASE. See resonance fre- 
quency. 

RESONANCE, tt MODE OF. In traveling- 
wave megnetrons, the mode in which the in- 
stantaneous phase-difference between adja- 
cent segments is tt radians. 

RESONANCE, QUANTUM MECHANICAL. 
In the theory of valence bonds it is often pos- 
sible to envisage two or more alternative ar- 
rangements of (he bonds betw’cen the atoms in 
a molecule, both arrangements being of the 
same cnerg>" because of the symmetry of the 
geometrical configuration. Thus, for exam- 
ple, in tlic benzene ring, there are two obvious 
ways of putting in the three double bonds. 
But sucli degenerate states, in quantum the- 
ory, may always be combined, in any propor- 
tions. In fact, there will usually be further 
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interaction tenns, such as the coulomb energy 
between the bonding electrons, which will 
tend to stabilize a mixture of the two states, 
at a lower energy than either separately. 
One then says that the energy of the system 
is lowered by “resonance” between the two 
alternative arrangements of the bonds. (See 
also exchange energy.) 

RESONANCE RADIATION. A process of 
re-emission of radiation by gases «and vapors. 
The process involves excitation, by incident 
photons, of atoms to higlier energy levels, 
from which they may return to tlie ground 
state, or to other states. Therefore the radia- 
tion emitted, while characteristic of the par- 
ticular atom, is not necessarily of the same 
fre(]uency as that absorbed. Resonance ra- 
diation ap})oars to be a s])ecics of fluorescence, 
except that it may take place with no ‘change 
in frequency. For example, Wood found that 
sodium vapor, upon absorption of D-light 
(16.973 em re-emitted the same frequency 
and therefore the name n'sonanec radiation 
was adopted. But when Stnitt excited sodium 
vapor by light of wave number 30 273 em“* 
(second line of the ])rincjpal sodium series), 
the emitted radiation was D-light (16.973 
cm~^). 

RESONANCE SCATTERING. See scatter- 
ing, potential. 

RESONANCE, SERIES. See resonance, for 

the application of the term to electric circuits; 
sec spectrum, resonance, for the application 
of the term to si)ectra 

RESONANCE SPECTRAL LINES (FIRST, 
SECOND, ETC). The spectral lines omitted 
when an electron \mdergocs transfer to its 
normal energy state in a given atom from its 
next highest energy state (first resonance 
line), or from its next-but-one higliest oncrg>' 
state with allowed transition to the ground 
state (second resonance line); etc. These 
resonance transitions correspond to the first, 
second, ctc.^ resonance jiotentials, and may 
be assumed to be single lines only when no 
account is taken of fine structure, hyperfine 
structure and other complications. 

RESONANCE, VELOCITY (PHASE RESO- 
NANCE). Velocity resonance exi^'te betw^cen 
a body, or system, and an applied sinusoidal 
force if any , small <*1 ange in the frequency 
of the applied force causes a decrease in veloc- 
ity at the dri dng point; or if the frequency 


of the applied force is such that the absolute 
value of the driving-point impedance is a 
minimum. (See impedance, driving-point; 
see also table under resonance.) 

RESONANT. This adjective is often replaced 
by the adjectival noun, resonance. 

RESONANT CHAMBER. A resonator. 

RESONANT-CHAMBER SWITCH. A wave- 
guide switch which diverts pow'er from one 
guide to another by detuning a cavity resona- 
tor of high Q in tlie braneh wdiich is to refuse 
the power. (See v^dndow, resonant.) 

RESONANT DIAPHRAGM. See window, 
resonant. 

RESONANT FREQUENCY. (1) A fre- 
(juency at wliieli resonance exists. The com- 
monly us(‘d unit IS the cycle per second. In 
cases wdiere there i^ a ])Ossibility of confusion, 
it is nec(‘Shary to specify the type of rc-oiiant 
frecpioncy, e g , displacement resonant fre- 
(|uen(‘y or vc'locity resonant fn^^mmey. (2) 
The freciiiency of a mode of elastic vibration 
of a crystal such as ((naitz, which is coiqiled 
through the piezoelectric effect to an electri- 
cal Systran. ♦ 

RESONANT IRIS. A form of resonant wdn- 
dow" (especially a circular waveguide) so 
called he -ause of its similar appearance to 
an optical iris. (See window, resonant.) 

RESONANT-IRIS SWITCH. A waveguide 
swdtch w^hich diverts pow'er from one guide 
to another by detuning a resonant iris inserted 
in the brancli w’hirh is to nduse the jiGw^er. 
(Sec window, resonant.) 

RESONANT WINDOW. Sec window, reso- 
nant. 

RESONANT-IdNE OSCILLATOR. See os- 
cillator, resonant-line. 

RESONANT MODE, TE,„n, (IN CYLIN- 
DRICAL CAVITY). In a hollow metal cyl- 
inder closed by two plane metal surfaces per- 
pendieular to its axis, the resonant mode 
whose transverse field patteni is similar to 
the TE,n,n wave in the corresponding cylin- 
drical waveguide, and for which p is the num- 
ber of half-period field variations along the 
axis. When the cavity is a rectangular paral- 
lelepiped, the axis of the cylinder from which 
the cavity is assiinied to be made should be 
designated, since there are three such axes 
possible. 
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RESONATOR. (1) A device used to utilize 
or exhiliit the edeets of resonance. (2) A 
group of electrons which absoibs elcctiomag- 
nefie radiation of certain frcqucncus 

RESONATOR, ANNULAR. A resonator 

which can be (onsideud to be foinicd fiom a 




btiucfuio («) ind tlectiii -field configiiialion (b) of 
Hunulai itsonitoi (Bv i)Ci mission fiorn ‘Miciuwave 
Theoi> and Teihmqiics’ bv Reich et «il ( opviight 
1953, D Van Nostiand Co, Inc) 

short-circuited, half-waveltiigth, coaxial-line 
resonator by folding one end back upon the 
other. More exactly, because of the sharp 
corners in the region of the anfinode of clcc- 


tiic field, the annulai icsonator is equivalent 
to a hall-wavelength, coaxiil lesonator vvilh 
a small shunting capacitance' at its midpoint 

RESONATOR, BUTTERFLY. A lumped- 
paianutcr resonator dciived tioin a conven- 
tional, vaiuibk capacitor Al-agiietic coupling 
ha> been added by tlie two amis 3 and 3' 
Roth electiic and magnetic coupling vary as 
a tunction ot lotoi position (►xo above 
tiguie ) 

RESONATOR, CAVITY. A closed section of 
coaxial line or waveguide, completely en- 
( losul by (onducting walls I he shape of 
( ivitv risonatois is go^elnod bv such con- 
sidciations ns the dcsncd values of resonance 
fret|uency, shnnl conductance, and Q; by tlic 
puii)os( for whir-li th(y aie to be used, and 
by the manner m which thev arc to be tuned 

RESONATOR, COAXIAL-LINE. A reso- 
nator consisting of a st(tion of coaxial line 
short-ciicuited on one tnd (\ 4 long), or both 
ends fA/2 long) Short-( ircuiting plungers 
to change the lesonator leneth, or lumped ca- 
pacitance an OSS a poml of high electric field 
t length may be used to change the frequency 
of resonance. 

RESONATOR, COMPOUND. A resonator 
(s(e resonator (1)) consisting of two or more 
acoustic nsonatois coujiled together 

RESONATOR, COMPOUND, BOYS TYPE. 

A long open, cylindrical tube, coupled at one 
(nd to a Helmholtz resonator. 

RESONATOR, CYLINDRICAL CAVITY. 

The lowest resonance frequency of a circular 
cylmdiical cavity in a perfect conductor is 

V 
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where V = cly/Jit is the electromagnetic 
velocity in the medium filling the cavity, and 
d is the cavity diameter. 

RESONATOR AND LONG LINE, FRE- 
QUENCY HYSTERESIS OF. Discontinuous 
changes in frequency as an oscillator is con- 
tinuously tuned, <liie to the long-line effect. 

RESONATOR, LONG-LINE EFFECT ON. 
See long-line effect. 

RESONATOR, MICROWAVE. A resonator 
employed at microwave frequencies. 

RESONATOR, PARALLEL-WIRE. A sec- 
tion of a jiarallel-wire transmission line most 
commonly opera! ed with one end of the line 
terminated in the tube-electrodes, and the 
other end bhort-circuited. (See alho Lecher 
wires.) 

RESONATOR(S), TYPES OF PLUNGERS 

FOR. The frequency of resonance of niicro- 
WHAT resonators (see resonator, microwave) 
is changed by moans of movable plungers, 
which change the effective length of the reso- 
nator, The contacting plunger has slotted 
fingers to form a low, ohmic short circuit at 



Capaafance plunger Choke bucket plunger 


S-plunger Z~plunger 

Types of plungers for rcM/uators (By permission from 
“Microwave Theory aad /echniques” by Reich et ah, 
Copyright 1953, D, Van Nostrand Co., Inc.) 


the point of contact. A capacitance plunger 
effectively short-circuits the resonator by 
presenting a large capacitance whose position 
is controllable. It does not contact the reso- 
nator walls. More complicated non-contact- 
ing plungers such as the choke, bucket, S- 
plungcr, Z-i)lunger, and possible combinations 
of these are used to lower further the short- 
circuit impedance, and the power lost past 
the plunger. 

RESONATOR, WAVEGUIDE. See wave- 
guide resonator. 

RESORPTION. The absorption, or loss com- 
monly, the adsorption by a liody or system 
of material previously released from absorp- 
tion or adsorption by that same body or sys- 
tem. 

RESPONSE. Of a device or system, a quan- 
titative ex])ression of the output as a func- 
tion of the input under conriitions which must 
be explicitly stated. The response character- 
istic, often prcscuted graphically, gi\es the 
response as a function of some iiulepcaident 
^ ariable, su<*h as frequency or dy'eclion 
Moflifyiiig plira^'O^ mu'-t bo prefixed to the 
tcTiu “res])()use” to indjeate (explicitly what 
measure of the output or of the input is being 
utilized 

RESPONSE, AVAILABLE POWER. Of an 

electroacoustic transducer used for sound 
emission, the ratio of 1h(* mean-square sound 
(iressure (see sound pressure, mean-square) 
appaivnt at a distance of 1 meter in a speci- 
fied din^ction from the effective accnistic 
center of the transduciT to the available elec- 
tric power from the source. The available 
powH'r response is usually expressed in decibels 
above the reference response of 1 microbar 
squared per watt of available electric power 
The sound prc'ssure aj)parent at a distance of 
1 meter is determined by multiplying the 
sound pressure observed at a remote point 
where tlic sound field is spherically divergent 
by the ratio of the distance of that point, in 
meters, from the effective acoustic center of 
the transducer, to the reference distance of 
1 meter. The available power response is a 
function not only of the transducer but also 
of some source impedance, either actual or 
liypothetical, the value of which must be 
specified. 
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Response, Free-field Current — Response, Transmitting Voltage 


RESPONSE, FREE-FIELD CURRENT (RE- 
CEIVING CURRENT SENSITIVITY). Of 

an electroacoustic transducer used for sound 
reception, the ratio of the current in tlie out- 
put circuit of the transducer when the output 
terminals are shortcircuited to the free-field 
sound pressure existing at the transducer loca- 
tion prior to the introduction of the transducer 
in the sound field. The free-field current re- 
sponse is usually expressed in decibels, viz., 
20 times the logarithm to the base 10 of the 
quotient of the observed ratio divided by the 
reference ratio, usually 1 amper(‘ per micro- 
bar. The free-field response is dcTined for a 
plane progressive sound wave whose* direc- 
tion of propagation has a specified orientation 
with rcsi)(‘ct to the principal axis of the trans- 
ducer. 

RESPONSE, FREE-FIELD VOLTAGE (RE- 
CEIVING VOLTAGE SENSITIVITY). Of 

an t'lectroaeoustic transducer used for sound 
reception, the ratio of the voltage appearing 
at tlie output t(Tminals of the transducer 
w 1 h 7 i the nutf)ut t(*rminal.s are open-circuited 
to the free-field sound jiressure at the trans- 
ducer Jocation prior to the ml roduction of the 
transduce*!’ iu tlie sound field. 

RESPONSE RATIO, SPURIOUS. Tlie ratio 
of (1) the field sli-eiigth at the frequency 
whicli ])rodnc(*s the ^[uinous response to (2) 
tlu* field stienaih at the desired frequency, 
each field being ai)i)li<'<l in turn, und« r speci- 
fied conditions, to produce equal outputs. 
Image ratio and interiiKMliate fre<|uc‘ncy re- 
sponse* ratio are sjaxual forms of spuric)a^ re- 
sponse ratio. 

RESPONSE, RELATIVE. The ratio, usu- 
ally expressed in decibels, of the response 
under some particular conditions to the re- 
sponse under n'ference conditions, whicli 
sliould be stated explicitly 

RESPONSE TIME OF A MAGNETIC AM- 
PLIFIER. The period of time required for 
a change of average output current of 63 i»cr 
cent of the total change. Response time 
should be specified for operation of the mag- 
netic amplifier at its rating, except for con- 
trol currents and output currents. The x)ut- 
put current should change between the rated 
value and a lower value. Unless otherwise 
specified, the lower value shall be zero where 
possible. Otherwise, it shall be minimum 
output plus 10 per cent of the difference be- 


tween rated and minimum output. The signal 
shall be that step change of voltage which 
yields these values of output current. The 
response time sfiecified shall be the maximum 
which exists for any condition within the 
rating (e.g.. such effects as grow^th or decay, 
time phase of signal application, tempera- 
ture). The 95 per cent response time of a 
magnetic amplifier is that period of time re- 
quired for a change of output of 95 per cent of 
total change, under the conditions and limits 
ghen’in the rlefinition of response time. 

RESPONSE, TRANSMITTING CURRENT. 

Of an ele(‘ir()ac(Mi^tic transducer used for 
sound emission, the ratio of the sound pres- 
sure apparent at a distance of 1 meter in a 
specified rliroction from the effective acoustic 
cenl(T (see acoustic center, effective) of the 
lrans(fucer In I lie current flowing at the elec- 
tric input t(*rudn'ds. The transmitting cur- 
rent respon^'C UMially expressed in decibels 
ab(ue a reference current response of I micro- 
bar per ampere The sound pressure apparent 
at a distance of 1 meter is determined by 
multiplying the sound pressure observed at a 
nanote point wdiere tlie sound field is spher- 
ically divergent by tin* ratio of the distance 
of that j)oint in meters, from tlie effeetivi* 
acon^-lic c('nter of the transducer, to the refer- 
cnc(' distance of 1 meter 

RESPONSE, TRANSMITTING POWER 
(PROJECTOR POWER RESPONSE). Of 

an electroacoustic transducer used for sound 
einisMon, the ratio of the mcan-s(]uare sound 
])?vv^nre (s(.' sound pressure, mean-square) 
apiiarent at a distance of 1 meter in a speci- 
fied direction from the effective Mcoustic ren- 
ter (see acoustic center, effective) of the 
riansducer to the electric ]iowcr input. The 
transmit ting power response is usually ex- 
pressed in decibels above a reference response 
of 1 microbar squared per w^att of electric 
powa'r input. 

RESPONSE, TRANSMITTING VOLTAGE. 

Of an (‘loctroacoustic transducer used for 
sound emission, the ratio of the sound pressure 
apparent at a distance of 1 meter in a speci- 
fied direction from the effective acoustic center 
(see acoustic center, effective) of the trans- 
ducer to the signal voltage applied at the 
electric input terminals. The transmitting 
voltage response is usually impressed in 




Responsiveness, Acoustic — Retrodirective Mirror 
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decibels above a reference voltage response 
of 1 microbar per volt. 

RESPONSIVENESS, ACOUSTIC. The re- 
ciprocal of the acoustic resistance. (See re- 
sistance, acoustic.) 

REST DENSITY OF A FLUID. The local 
density of a fluid in a Lorentz frame in which 
the fluid is locally at rest. 

REST FRAME. Lorentz frame in whicli the 
total momentuin of a sy^tcin vanislies. c 

REST MASS. Tlie mass of a j)articlc in 
the sy.stoin in wliich it ap])ears in bo at rest. 
It is the mass in the classical, or Newtonian 
sense; that is, it does not include the addi- 
tional mass which, according to the relativistic 
mass equation, is acquired by a particle or 
body when set in motion. If (he particle is 
anniliilated, an amount f/iuc- of (‘n(‘rgy is re- 
leased. 

RESTING FREQUENCY. Tlie center fre- 
quency or carrier frequency of a Irequency- 
modulation transmitter. 

RESTORER, D-C. See d-c restorer. 

RESTRICTED INTERNAL ROTATION . 

K(‘striction of tli(‘ free rolation of the mole- 
cule^ or i)art.'> of moloeule^ in ‘>ome sub'^tanec^, 
eg., solid metliaiie, at certain t('m])erai ures, 
leading to anomalies in the specific heat. The 
origin of ihv restricting i)otentiaK is uncer- 
tain. Also referred to as hindered rotation. 

RESTSTRAIILEN. Sec residual radiation. 

RESULTANT. An entity or quantity ol)- 
tained by means of (or as the result of) a 
given process. Tims, the resultant of a sys- 
tem of forces is the single force that lias the 
same effect. 

RETARDED FIELDS. Electromagnetic field 
strengths E, B at a point r at time t derived 
from the retarded potentials, i ircuierated 
by charges and currents that were at r — R at 
time 

|R| 

t ~ -- (all R). 
c 

RETARDED POTENTIALS. The electro- 
magnetic potentials at a point r at time t due 
to sources at the points r — R at times 



e 


i.e.j on the past light cone through the event 
r, L 

RETARDATION COIL. An inductor used 
in telepliono circuits to block audio-frequency 
signals, while offering little opposition to d-c 
signals. 

RETARDING-FIELD (POSITIVE - GRID) 
OSCILLATOR. See oscillator, retarding-field 
(positive-grid) oscillator. 

RETENTIVITY (jB,J. ^J^hat property of a 
magnetic material which is measured by the 
residual induction (see induction, residual) 
when a saturating magnetizing force is re- 
moved (See hysteresis.) 

RETGERS, LAW OF. The physical proper- 
ties of i'^omorplious inix(urcs (mixed crystals) 
are continuous functions of the percentage 
eoinjiofeition. 

RETICULAR DENSITY. Tlie number of 
jioints ()er unit area in a network, as in that 
of a plane in a ciystal lattice. 

RETICLE. A iietw'ork of fine lines, wdres, 
or the like placed in the focus of the olgcctive 
of a telescope or optical in'-trunu'iit. 

RETICULATED. Having the form of a nct- 
w ork. 

RETINA. The complicated back surface of 
the eye, in wliieh light is changed to nenT 
im})uKes. 

RETMA. Abbreviation for Radio-Electron- 
ies-Television Manufacturers^ Association. 

RETMA COLOR CODE. The system of 
identifying the magnitude, tolerance, and 
voltage ratings of small electronic compo- 
nents, such as capacitors and resistors, by the 
use of different-colored dots or bands. 

RETRACE LINE. The line traced by the 
electron beam in a cathode-ray tube in going 
from the end of one line or field to the start 
of tlie next line or field. 

RETROACTION. Sec feedback. 

RETRODIRECTIVE MIRROR. A beam of 
light lying in a plane normal to the two sides 
of a right-angled dihedral angle with reflect- 
ing sides W'ill be reflected parallel to its orig- 
inal path (antiparallel j no matter what its 
original direction. A beam of light entering 
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Return Interval — Reverberation Time 


a trihedral angle with mutually-pcrpcndicular 
reflecting sides, will be reflected back parallel 
to its original path (antiparallel) no matter 
what its original direction. Such a mirror is 
called rctrodirectivo. 

This idea may be used to check the riglit 
angle of a right-angled prism having a pol- 
ished hypotenuse, with ^'ery high accuracy 
and without any standard right-angle for 
comparison, since only if the angle is exactly 
90° will I he reflected beam be exactly parallel 
with the initial beam. 

RETURN INTERVAL. Sec interval, return. 

RETURN LOSS. (1) At a discontinuity in a 

transmission system, the difference between 
the power incident upon the discontinuity and 
the power reflected from the discontinuity. 
(2) The ratio in decibels of the power inci- 
dent u})on the discontinuity to the i)o\scr re- 
flected from the discontijiuity. 

RETURN RATIO, FEEDBACK. Tlu same 
as loop gain. 

RETURN TRACE. Tlic pjitli of the scan- 
ning spot during the return interval. (Sec 

interval, return; retrace line.) 

REVERSED FEEDBACK AMPLIFIER. See 
amplifier, negative-feedback. 

REVERSIBLE CELL. See cell, reversible. 

REVERSIBLE ELECTRODE. See elec- 
trode, reversible. 

REVERSIBLE PATH. Patli along whi^di a 
system moves such that at any point the di- 
rection can be nnvrsed by an inrmitesimal 
change in the thermodynamical eoordinates 
of the system. 

REVTIRSIBLE PROCESSES. Some phy m 1 
processes are of such a nature that if they are 
made to take place backward, that is, to go 
through the same stages in reveiNe order, the 
corresponding transfers of energy a< < aeh 
stage are reversed in direction liut not in 
amount. Such processes are briefly character- 
ized as “reversible.'^ Thus a gas may have 
its density p and pressure increased without 
any change in temperature (an isotlicrmal 
compression). This is shown by the curve AB 
in Fig. 1. It necessitates the removal of heat 
exactly as fast as it is generated by the work 
of compression. The process may, in tlieory 


at least, be duplicated in reverse, so that BA 
coincides with AB, by allowing the gas to 
ex])and and restoring the withdrawn heat 
energy just as fast as needed to keep the 
temperature constant. Each change of a 
Carnot cycle is likewise reversible. 



chango in a ros change in iron 

Oil the other hand, consider the magnetiza- 
tion of iron, rejircsented by tl e B-JI (induc- 
tioii-iylensity) curve MN in Fig. 2. If, after 
increasing the magnetization of iron until its 
condition readies the stage the intensity of 
the magnetizing field is reduced, no amount of 
care will avail to make tlie curve retrace it- 
self. The iron persists in retaining some of 
tlie energy tliat was imparted to it, and re- 
turns along to a condition, represented 

by iir, of higlier magnetic induction than at 
first. Magnetizing iron is therefore an ir- 
rv\ (M'silile pi'oeess. 

REVERSIBLE TRANSDUCER. See trans- 
ducer, reversible. 

REVERBERATION. The persistence of 
sound at a given point, after din‘ct reception 
from the s(»urce lias stojiped. This may be 
(l.ie (a) (a*^ in the case of rooms) to repeated 
reflecthms from a small number of boundaries 
or to tlu* free decay of the noianal modes of 
vibration that were eddied by the sound 
source; (b) (as in the case of underw^ater 
sound in tlu* ocean) to scaPiring from a large 
number of inhomogcn(*ities in the medium or 
reflection from bounding ’-urfaces. 

REVERBERATION CHAMBER. An enclo- 
sure in whicli all of the surfaces hilve been 
mad(* as sound-roflcctive as possible. Rever- 
beration chambers are used for certain acous- 
tic measurements. 

REVERBERATION TIME. For a given fre- 
quency, +he time required for the average 
sound-energy (kmsity, originally in a steady 
state, to decrease after the source is stopped 
to one-millionth of its initial value (60 db). 


Reversal Temperature — Rheology 
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Usually the pressure level for the upper part 
of this range is measured and the result extra- 
polated to cover 60 db. 

REVERSAL TEMPERATURE. When light 
from a source giving a continuous spectrum, 
such as a black body, carbon arc or incandcs- 
C('nt lamp, is passed through a luminous gas 
and analyzed by a spectrograph, the spectral 
lines of the gas will appear as bright or dark 
lines, depending on whether the black-body 
temperature of the source is below or alwve a 
certain critical temi^erature, called the re- 
versal temperature, at which the lines disap- 
pear against the continuous background. 
Tliis temperature is characteristic for a given 
spectral line, unless tliere is stalistical equi- 
librium for all the different excited states in 
the gas. 

REVERSIBILITY, MICROSCOPIC. * Sec 
microscopic reversibility, principle of. 

REVERSIBILITY, PRINCIPLE OF. If all 

parts of a beam of light are r(*fl(H*ted directly 
back on theinselv(‘s, no mailer how many 
reflections or refractions it has undergone, 
the light will travel back over the identical 
path (or paths) it followed before reversal, 

REYNOLDS AND MOORBY METHOD 
FOR MECHANICAL EQUIVALENT OF 
HEAT. The di.^sipatmg device in this method 
is a Froude hydraulic brake through which 
water passes in continuous flow. AVater en- 
ters the brake at and leaves it at close 
to 100°C. From the amount of water pass- 
ing per unit time and its rise in temperature, 
the amount of heat generated is dotennined. 

REYNOLDS CRITERION. In g(‘ometrically- 
similar flow systems in which the boundary 
conditions may be fully exprcss('d in tenns 
of a scale length and a scale velocity, the 
condition that a laminar flow shall be stable 
or unstable to small disturbances is that the 
Reynolds number of flow should lie within a 
certain range. Many flows are stable for all 
Reynolds numbers below a critical value. In 
a classical series of experiments, Osborne 
Reynolds found the critical Reynolds number 
for pipe flow to be nearly 2000. 

REYNOLDS NUMBER. The Reynolds num- 
ber of a flow is defir d as the product of a 
scale velocity and a s^ale length divided by 
the kinematic viscosity of the fluid. Reynolds 


numbers are only comparable when they refer 
to geomctrically-sirnilar flows, e.g., flow past 
spheres of various radii in different fluids at 
different speeds, and then, provided all the 
boundary conditions can be described by the 
scale velocity and scale length, flows of the 
same Reynolds number are dynamically sim- 
ilar. 

For fluid flow in a pipe, the Reynolds num- 
ber is given by the expression VDp/piy where 
V is the mean velocity of the fluid, p, its 
density, /i, its viscosity, and D the diameter of 
tlie pipe. 

R-F. The frequently -used abbreviation for 

radio frequency. 

RFC. An abbreviation for radio-frequency 
choke. 

RHE. The absolute unit by wdiich fluidity 
is measured or expressed. It is the reciprocal 
centipoise, whieli is in turn, one-hundredth of 
the poise, the c g s. unit of visco'^ity. One 
poise is ecpial to one dyne second per square 
centimeter. 

RHEOSTAT, A variable resistor used for 
openilion or control of electrical oquifimont. 
Rheostats might be (‘lassific'd as melairK*, car- 
bon, and electrolytic types. The most com- 
mon form is the metallic type, in wliicli the 
rerirtor is in the form of a metal wire or rib- 
bon, or east grid, these being made of a metal 
having j)oor conductivity, and little deteriora- 
tion from healing The variable resistance of 
metallic rheostats is obtained by bringing out 
tai)s from different points of the resistance 
wire to the jioints of a multi-pointed switch 
wdiich can be used to short-circuit different 
scetions of the resistor T/aborutory rheostats 
are frequently coils of resistance wire w'ound 
closely on an insulating cylinder and provided 
with a sliding contact finger wdiich will bear 
on the wires themselves, and which can be 
employed to short-circuit any desired number 
of turns of the resistanee wire. 

RHEOTRON. A betatron. 

RHENIUM. Metallic element. Symbol Re. 
Atomic number 75. 

RHEOLOGY. The study of the flow of ma- 
terials, particularly plastic flow of solids and 
the flow of non-Newtonian liquids. 
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Bheopexy — Rieke Diagram 


RHEOPEXY. A property exhibited by cer- 
tain sols containing rod-like or plate-like par- 
ticles (such as bentonite and other clay sus- 
pensions), which consists in accelerated «?et- 
ting to the gel form brought about by any 
mechanical means that will facilitate the 
orientation of the particles. 

RHM. A proposed unit of y-ray source 
strength which is of such a magnitude that 
a one “rhm’’ source will produce one roentgen 
per hour at a distance of one meter. 

RHO. (1) Density (mass per unit volume) 
ip). (2) Linear mass density (p). (3) Vol- 
ume electric charge density {p) . (4) The rhe, 

unit of fluidity ip). (5) Radius of curvature 
ip). (G) Reflectance fp). (7) Reflectivity 
(p'). ^8) Resisti\ity, or si)ecific resistance 

(p). (9) Vapor density (p). (10) Absolute 

humidity (p). 

RHODIUM. Metallic element Symbol Rh. 
Atomic number 45. 

RHOMB. FRESNEL. vSee Fresnel rhomb. 

RHOMBIC ANTENNA. See antenna, rhom- 
bic. 

RHOMBOHEDRON. A prism with six sides, 
all of winch are parallelograms 

RIIUMBETRON. Aiiollior name for cavity 
resonator. (See resonator, cavity.) 

RIBBON MICROPHONE. See microphone, 
ribbon. 

RICCATI EQUATION. A first-order differ- 
ential equation of the fonn 

!/' = f ^4i(.r)v 4- 42(r)/. 

It IS the most general form ot the first-order 
differential equation i/ — where i(x,y) 

is rational in y and with a general solution 
containing no singularities except poles. 
FiVery second-order linear dilferential (‘qua- 
tion may be tran«-’fomed into a Riccati equa- 
tion. 

RICHARDSON - DUSHMAN EQUATION. 
The basic equation of thermionic emission. 
Richardson fir^t developed the equation from 
the thermodynamic theoiy of gases, while a 
later derivation by Dushman based on quan- 
tum mechanics gives identical results. This 
equation gives the thermionic current density, 


resulting from the emission of electrons from 
a metallic surface at the temperature T. 

J = A 

where A is a constant depending on the state 
of the surface, and (p is the electronic work 
function for the metal. Another form of this 
equation is: 

A = 

whore is the thermionic current density 
(amptu'c/mcter-) ; A is a constant having 
the dimensions ampere/ (meter) ^ X (°K)^; 
T is tlie temperature in °K; e is the natural 
logarithmic base; is the electronic work 
function jor the metal in electron-volts; and 
Er “ 7711, GOO, and is called the electron- 
volt equivalent of temperature. 

RICHARDSON EQUATION. See Richard- 
son-Dushman equation. 

RICHARDSON NUMBER. A non-dimen- 
sional ])aranieter appearing in the theory of 
the stability of shear flow in the presence of 
density stratification. It is 

pbz! \dz/ 

where g is the acceleration due to gravity, 
p IS the fluid den‘^lty. 7 is vertical displace- 
ment, IJ IS velocity in tlic horizontal direction. 
If +he fluid is effectnelv inviscid, it will be- 
come unstabh’ at a critical value of the Rich- 
ardson number 

RICHARDSON PLOT. By plotting the 
logarithm of the thermionic current per 
squared Kelvin degree, i.e., I/T-, against 

the reciprocal of the absolute temiieraturc, a 
j-traight line is obtained w'hose slope is a meas- 
ure of the activation energy involved (see 
Richardson-Dushman equation). A similar 
])lot is useful in any process involving thermal 
activation with a Boltzmann factor. 

RID. Abbreviation for Radio Intelligence 
L')i\ision (ol the Federal Communications 
Commission). 

RIEKE DIAGRAM. A polar-coordinate load 
diagram for mlcrow\ave oscillators, particu- 
larly klystrons and magnetrons. Constant- 
power and constant-frequency contours are 
plotted against the polar plot of load admit- 
tance, commonly called the Smith chart 
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RIEMANN-CHRISTOFFEL TENSOR. The 

twenty independent quantities 

R € P op « _ «r « 

^ fi<r ^ ay ^ fiy ^ ac 

d d 

J I' ‘ P « 

dx*^ dx"" 

where are the Christoffel Ihree-index 

symbols. The vanishinu; of lliis ((‘iisor is a 
necessary condition for the s[)acc to which it 
applies (and in particular space-time) "to be 
flat. 

MEMANN - CHRISTOFFEL TENSOR, 
CONTRACTED. See contracted Riemann- 
Christoffel tensor. 


as a homogeneous quadratic function of 
thus ; 

= X) Qnvdx^dx'' 

where is the metric of the space. 

RIGHI EXPERIMENT. Because of the non- 

coliercnce of light from different sources, it 
is difficult to produce ‘‘beats*’ with light such 
as arc jiroduced between sounds from two 
sources which emit with slightly different fre- 
(luencies. By use of a rotating Nicol prism, a 
Fresnel bi-mirror, a quarter wave plate and 
a fixed Nicol prism, llighi iiroduced an effect 
similar to beats. However, other ex])lanations 
are possible for his results. 


RIEMANN - PAPPERITZ EQUATION. A 
second-order linear differential equation of 
Fuchsian type witli tiircM' regular singular 
points in the finite ])lauc at x - a, h, r. It 
may be symbolized by tlie Ricmanti P-f unc- 
tion 


y ^ P 


a I) c 

a' W r'; .r 

d" //' c" 


where a', a", h', c" are lh(* exponents 

at the singularities, y is tlie de])('ndent vari- 
able and X, tlie independent vuri.‘d)l(‘ A spe- 
cial case of tliis ccpiation is that known as 

the Gauss hypcrgeometric equation. 


RIEMANN SURFACE. A surface u-ed in 
representing multivalued functions of the 
complex variable. One slieet is assigned to 
each branch of the function, eacli slie(*t is 
cut at the branch line, and all are join(*(l to- 
gether so that a closed contour may be traced 
by passing continuously along the sheets of 
the surface. 


RIEMANN ZETA FUNCTION. An infinite 
series in the complex variable 2 = ,r + iiy, 
with n an integer 

= E 

n 1 

The function is meromorphic, with a simple 
pole at 2 = 1 . 

RIEMANNIAN SPACE Space in which the 
magnitude ds of the distance between two 
points with co<wdinates x^ -f- r?x^, is defined 


RIGIII-LEDUC EFFECT. If In at is flowing 
ill rough a stri}) of metal and the strip is jilaccd 
m a magiielic field perpendicular to its plane, 
a temperature differi'iiee develops across tin* 
strip. This effect, discoverc'd in bScS? ind(‘- 
pendently by Righi and by Lc‘(luc, Ix'ars the 
same ndation to the Nernst effect that the 
Eithigshausen effect bears to the Hall effect. 
11 may in(l(‘(‘d 1)0 regarded as analogous to 
the Hall etleet, but with a longitudinal ffo\v 
of heat replacing the electric cummt and a 
transverse temperature difference re]dacing 
the potential difference. If, to one looking 
along the strij) in the din'ction of tlie heat 
tlow% and with the magnetic field downward, 
the decrease of temj^erature is toward the 
right, the effect is said to bo posit i^'e It is 
po^itivi* in iron and negative in bismuth. 

RIGHT-HAND RULE (FOR GENERATOR 
ACTION). An fibsciwer having lh(‘ viiocity 
V 111 a magnetic field B “secs” an electric 
field given by E — v X B- A conductor mov- 
ing across a magnetic field thus exjieriences an 
electric field which exerts force on the free 
charges in the conductor, inducing an cmf. 
The rule for the sense of a vector cross-prod- 
uct leads to a mnemonic device using the 
thumb (D, the forefinger (F), and the center 
finger (T) spread to form convenient rectan- 
gular axes. By letting T represent thrust, 
or motion; F, Iho flux; and (\ the current; a 
person’s right-hand yields the correct sense 
for the inrluccd current. Conversely, pointing 
C with the current and F wdth the flux, using 
the left hand, gives the resulting thrust in the 
direction T. This converse case is the left- 
hand ride for motor action. 
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Right-handed Polarized Wave — Rigid Body, Motion About a Point 


RIGHT-HANDED (CLOCKWISE) POLAR- 
IZED WAVE. See wave, right-handed 
(clockwise) polarized. 

RIGID BODY. An aggregate of material 
particles in wliieh the interaction forces of the 
particles are such that the distance between 
any two particles remains constant with time. 

RIGID BODY, GENERAL EQUATION OF 
MOTION. The motion of a rigid body can 
be described by the translational motion of 
the center of mass and tlie rotational mol ion 
about the center of mass. The equation tor 
translational motion has the general form 



F is the vector sum of all the forces acting 
on the rigid body, M is the total mass, and r 
is the })osition vector of (he center of mass 
The (‘(piation for rotational motion has the 
general form 

(m 

L - - 
(if 

L is the resultant torque and TI the v('ctor 
.angular momentum about the center of ina'-s 
as an origin 

RIGID BODY, GENERAL EQUATION OF 
ROTATIONAL MOTION. For rotation 
about a ])articiilar origin, tlu' general ecpia- 
tion of motion is 

r/Fl 

L 

(it 

wheie H — xio^^T ““ 

“f" j( "t" Uf/ 

+ k( — zzY 

wliere H is the resultant angular momentum 
about the origin, L is the lesultant tonpie 
about origin; the /-terms are moments and 
products of inertia (See inertia, moments 
and products of.) 

RIGID BODY, KINETIC ENERGY OF. 

(1) The total kinetic energy of a rigid body 
undergoing general translation and rotation 
can be written as the sum of kinetic energy of 
translation of the center of mass and the 
kinetic energy relative to center of mass 


T = 2 ^/ 5 ^ + 

where M = 2m, is the total mass, is the 
square of velocity of center of mass, is the 
mass of ilh elennait, is the velocity of fth 
element with res[)ect to center of mass. 

(2) Rigid body constrained at a fixed point. 
At any instant there will exist an instantaneous 
axis of rotation passing through the fixed 
point. The kinc'tic energy of rotation with 
respect to the fixed point can be written 

T = >fl 

where (o is the instantaneous angular velocity 
vector; II is the instantaiK'ous angular mo- 
mentum vector. 

Ex|)anded, with moments of inertia referred 
to principal axes, the kinetic eiiCTgy becomes 

where lu, are moments of inertia (see 

principal axes; moment of inertia). 

(3) Rigid body constrained to rotate about 
a fixed axis When tlu* rigid body rotates 
abmit a fixed axis, the kinetic energy is writ- 
ten 

T = -^/co2 

where I is the moment of inertia about fixed 
axis, (0 is the angular velocity about fixed 
axis. 

RIGID BODY, MOTION ABOUT A FIXED 
AXIS. When the motion is lestiicted to a 
fixed axis, the gc'neral equation of motion of 
a rigid liody reduces to 

d 

- (/a;) = L 
(it 

where I is the moment of inei-tia about the 
fixed axis, w is the angular velocity about the 
fix(’d axis, L is (he resultant torque about the 
fix('d axis (See rigid body, general equation 
of motion.) 

RIGID BODY, MOTION ABOUT A POINT. 

The fundamental equation of motion for ro- 
tational motion of a rigid body about a fixed 
point is 

rfll 

— = L 
dt 

where — is the time derivative of total vector 
dt 

angular momentum about the point, L is the 
resultant torque al)out the point. 




Rigid Cylinder, Motion on an Inclined Plane — Ritchie Wedge 
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If the moments of inertia are referred to the 
principal axes, with origin at fixed point and 
axes fixed in tlie body, this equation becomes 

"b j[^ "b (fjrx I 

"b "b Ixx)^x^y]‘ 

(This is also known as the Euler equation 
for a rigid body ) (See also rigid body, gen- 
eral equation of motion.) ^ 

RIGID CYLINDER, MOTION ON AN IN- 
CLINED PLANE. A rigid cylinder or cylin- 
drical shell rolling on an inclined plane with- 
out slipping undergoes both translation and 
rotation. The equation of motion can be 
written 

TT sin 0 

X . 

W 

-- + I/a^ 

0 

where W is the weight of cylinder, g is the 
acceleration of gravity, 0 is the angle of inclina- 
tion of plane, I is the moment of inertia of 
C 3 dinder about axis, a is the radius of the 
c^dinder, x is the acceleration along plane. 

For any other olijeet of s])hcrical or circu- 
lar symmetry tlie api)ropriato moment of in- 
ertia is substituted for f. (See rigid body, 
motion about an axis.) 

RIGIDITY, MODULUS OF. Tlie elastic 
modulus corresponding to a shear stress on a 
pair of orthogonal planes. 

RING. (1) A toroidal core. (2) The ring- 
shaped contact between the sleeve and tip 

on a phone plug. 

RING CIRCUIT. The name sometimes ap- 
plied to a bridge modulator or rectifier. 

RING COUNTER. A series of bistable mul- 
tivibrators or trigger circuits, connected in 
tandem to form a sequence-operated type of 

counting circuit. 

RING MODULATOR. A rectifier modulator 
(demodulator) employing four diode ele- 
ments connected in series to form a ring. The 
diodes are connected wdth a polarity which 
will readily permit current flow around the 
ring in one direction. Appropriate input and 
output connections are made to the four nodal 
points of the ring. The ring modulator is 


also called the double-balanced modulator. 
It can serve as a balanced modulator as well 
as a phase-sensitive detector or demodulator. 

RING SCALER. A scaling circuit in which 
the asymmetrical condition is passed along 
to the next tube in line, with the last tube 
feeding back to the first. 

RINGING. An oscillatory transient occurring 
in tlie output of a s^^stem, as a result of a 
sudden cliange in injmt. 

RIPPLE(S). (J) Surface waves on a liquid 
w'hose w^aveh'ngth is so short that the motion 
is effectively controlled by surface tension 
forces. This requires that the wavelength 
should be less than 



where y is surface tension, and p, lujuid density. 
For water, - 1 7 cm. 

(2) The a-e eomponemt from a d-e ])ower 
suppb^, arising iiom source's within the powT'r 
supply. Unless otherwise sjieeified, per cent 
ripple is the ratio of I he root-nu'an-^qiiare 
value of the ripple \oltage to tlie absolute 
value of the total voltage, expressed in jitu* 
cent. 

RIPPLE, PER CENT. The ratio of tlic ef- 
fective (root-mean-sqiiare) value of the rip- 
ple voltage to the a\erage value of the total 
voltage, exjires^ed in per cent 

RIPPLE VOLTAGE. The all ('mat mg com- 
pontmt of the unidirectional voltage from a 
rectifier or generator used as a source of di- 
rect-current power. 

RIPPLED-WALL AMPLIFIER. See ampli- 
fier, rippled-wall. 

RISE TIME. See time constant 

RISING-SUN MAGNETRON See magne- 
tron, rising-sun. 

RISLEY PRISM. See prism, Risley. 

RITCHIE WEDGE. A photometer in which 
the standard source and the test source of 
light illuminate two white, diffusing surfaces, 
90*^ apart and intersecting in a movable 
wedge ; so arranged that they are viewed from 
a direction perpendicular to the line joining 
the sources. 


791 


Ritz Combination Principle — Ronchi Test 


RITZ COMBINATION PRINCIPLE. Sec 
combination principle. 

RMA. Abbreviation for the Radio Manu- 
facturers Association, which has now been 
supplemented by the Radio-Elcctronics-Tele- 
vision Manufacturers’ Association. 

RMS. Abbreviation for root-mean-square. 

RMS (EFFECTIVE) PULSE AMPLITUDE. 
See pulse amplitude, RMS (effective). 

ROBIN LAW. When a sybtein is in a condi- 
tion oi either chemical or pliysicul equilib- 
rium, an increase of prt'ssure favors the sys- 
tem formed with a decrease in volume; a re- 
duction in pressure favors the system formed 
with an increase in volume; and a chanp,e of 
pressuie has no effect upon a system funned 
without a change in volume. (Cff. Le Chale- 
lior Principle.) 

ROCHON PRISM. See prism, Rochon. 

ROCKY POINT EFFECT. See flash arc. 

RODRIGUES FORMULA. Sec Legendre 
polynomial. 

RODS. A ]>art of tlie retina of the eye pri- 
marily responsive to light but not to color. 
Ab^mee of or reduced number of rods is con- 
nected vvith inability to sec well with low level 
of iilumination. (See cones, night blindness.) 

ROENTGEN. The quantity of x- or y-radia- 
tioii such that the associated corpuscular 
emission per 0.001293 gram of air produces, 
in air, ions carrying 1 electrostatic umt of 
quantity of electricity of citlicr sign. 

ROENTGEN EQUIVALENT, MAN (REM) 
(A PROPOSED UNIT; PARKER). The dose 
of any ionizing radiation that will jiroduce the 
same biological effect as that j)roduced by one 
roentgen of high voltage x-radiation. 

ROENTGEN EQUIVALENT PHYSICAL 
(REP) (A PROPOSED UNIT; PARKER). 

A unit proposed to apply to statements of 
dose of ionizing radiation not covered by the 
definition of the roentgen. It has been vari- 
ously defined as the dose which produces en- 
ergy absorption of 83 ergs per gram of tissue 
or 93 ergs per gram of tissue. The aetual 
energy absorption in tissue per roentgen is a 
function of the tissue composition and of the 
wavelength of the radiation, and ranges be- 
tw^cen 60 and 100 ergs per gi'am. 


Various authors have used the term roent- 
gen equivalent or equivalent roentgen, basing 
the equivalence on energy absorption by air, 
or on the number of ion pairs produced in air 
by one roentgen of x-rays, or on the energy 
absorption in tissue from one roentgen of 
x-rays, or on the ionization produced in a 
small air cavity by one roentgen of x-rays. 
The magnitude of all these units is the same 
within about 10 per cent, in terms of energy 
absorbed per gram of tissue. 

ROENTGEN RAYS. See x-rays. 

ROLIi OUT (VERB). To read out of a stor- 
age device by simultaneously increasing by 
one the value of the digit in each column and 
repeating this r times (where r is the radix) 
and, at the instant the representation changes 
from Jr — 1) to zero: (a) generating a par- 
ticular signal, or (b) tenniiiating a sequence 
of signals, oi (c) originating a sequence of 
signals. 

ROLLE THEOREM. Let fix) be a function 
which vanishes at x = o and at x = 6, and 
which has a finite derivative /'(x) at all points 
in the interval (a,b). Then f(x) vanishes at 
some point Xo between a and h. 

ROLLING RESISTANCE (OR FRICTION). 

In the rolling of a wheel on a plane surface 
there ib sonic distortion of the two surfaces in 
contaid due to the nonnal force between the 
surfaces. Such distortion smears out the ideal 
line contact and effectively introduces a force 
with a component in opposition to the motion. 
This component of force is called the rolling 
resistance or friction Fr and is proportional to 
tlio normal for^e N. A coefficient of rolling 
resistance or friction can bo defined by 
ifr ~ F,/N, where Fr can be determined ex- 
perimentally by obseiwing the deceleration on 
a horizontal surface. 

ROMER METHOD (VELOCITY OF 
LIGHT). Homer, in 1676, first obtained an 
apjiroximate value for the velocity of light by 
observing the apparent changes in the periods 
of the moons of Jupiter as the distance be- 
tween the earth and Jupiter changed during a 
year. 

RONCHI TEST. An improved method over 
the Foucault knife-edge test for testing 
curved mirrors is to replace the knife-edge 
with a transmission grating, having 40-200 
lines to the inch, and to replace the pinhole 


Roof Prism — Rotation 
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source with a slit or a section of the same 
grating. 

ROOF PRISM. See prism, roof. 

ROOM, DEAD. A room which is character- 
ized by an unusually large amount of sound 
absorption. 

ROOM, LIVE. A room which is character- 
izi'd by an unusually small amount of sound 
absorption, 

ROOT. If a is a real number, n an integer, 
then X is the nth root if the product of x taken 
n times equals a. The number of nih roots is 
n but not all of them need be real. They are 
given for any number, real or comi)lex, by 
the DeMoivre theorem. (See also radical and 
polynomial equation.) 

ROOT-MEAN SQUARE SOUND PRES- 
SURE. See sound pressure, effective. 

ROOT-MEAN-SQUARE QUANTITY. The 

square root of the time average of the square 
of the cjuantity, eg., velocity of a particle. 
If the (juantily takes on only v discrete values 
Xjy the root -mean-square value is 

; 1 

If on the other hand, the quantity is a func- 
tion, say of time i, defined by j(0, 

T 

Trm. = f(l/T) r 

In the latter case, the integral is extended 
over the time for which the rms value is de- 
sired or, if the function is periodic, over any 
integral number of periods. 

ROOTER. A device which takes the ?zth 
root of the instantaneous amplitude of a 
video signal. Its function is to linearize the 
overall transfer characteristic, and llius iin- 
firove the picture quality in a television sys- 
tem. 

ROSA AND DORSEY METHOD (VELOC- 
ITY OF LIGHT). The ratio between elec- 
trical quantities exjiressed in electrostatic 
units and in absolute electromagnetic units is 
always some binii)Ie power of the velocity of 
light. The capacitance of an electrical con- 
denser may be mea ured experimentally in 
abfarads, and computed from the geometrical 
dimensions and configuration in statfarads. 


One abfarad equals (velocity of light) ^ stat- 
farads. By making these measurements, Rosa 
and Dorsey of the National Bureau of Stand- 
ards obtained a value for the velocity of light 
in quite good agreement wdth the more direct 
measurements. 

ROSENBERG CROSS-FIELD GENERA- 
TOR. One form of electrodynamic amplifier. 
(S(‘e amplifier, electrodynamic.) 

ROTAMETER. An insliiiment which meas- 
ures the flow of gases and liquids by the posi- 
tion of a float in a slight ly-conical, vertical 
tiihe ins(‘rted in the flow system. By arrang- 
ing that the flow rotat''s the float, sticking of 
the float to the walls of the tube can be 
aA’oided. 

ROTARY JOINT. A joint connecting an im- 
mobile section of a waveguide or coaxial line 
to a section winch must he free to turn. Since 
rehabh', current -conducting sliding-contacts 
are difficult to maintain, one or more lialf- 
waveleuglh short-circuited lines are usually 
incorporated in the joint in such a manner 
that the actual jioint of sliding contact is at 
or near a ciirn'nt minimum. ♦ 

ROTATE (LIGHT). To turn th(' plane of 
polarized light either to the right or left. 

ROTATING CRYSTAL METHOD. A teeli- 
nique for the x-ray analysis of crystal struc- 
ture, in w'hich a beam of x-rays iinjhngc's on 
a crystal W'hich is rotided about one of its 
crystallographic axes, at right angles to the 
l)(*am. As various pLines come successively 
into position, the reflected beams are received 
as spots on a photographic plate. 

ROTATING CYLINDER METHOD FOR 
VISCOSITY. A cylinder is suspended on a 
torsion fiber coaxially inside another cylin- 
der which can be rotated at constant speed. 
The space hetwu'en cylinders is filled with the 
fluid under investigation, and its viscosity is 
(letcTininofl by the drag suffered by the inner 
cylinder. 

ROTATING JOINT. A coupling for trans- 
mission of electromagnetic energy between 
two waveguide structures designed to permit 
mechanical rotation of one structure. 

ROTATION. Motion of a rigid body in 
which one or two points of the rigid body are 
kept fixed. 
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Rotation Axis — Rotation, Molecular 


ROTATION AXIS. A symmetry element 

possessed by certain cry^stals, whereby the 
crystal can be brought into a physically 
equivalent position by rotation about an axis 
which can be one-fold, two-fold, three-fold, 
four-fold or six-fold, according to whether the 
crystal can be brought into self-coincidence 
by the operations of rotation through 360°, 
180°, 120°, 90°, or 00° about the rotation 
axis. 

ROTATION, DYNAMICS OF. A body is 
said to rotate when all of its particles move in 
circles about a common axis with a common 
angular velocity. This motion may be cither 
free or constrained, as illustrated, respec- 
tively, ])y the earth turning on its axis, and 
by a flywheel or a pendulum. 

If one twirls an umbrella about its handle, 
it tends to open. This is because the centrif- 
ugal forces exert torcpies tending to throw the 
stays outward on their pivots. Through any 
point of a rigid body there are at least three 
lines, m\itiuilly f)crpen(licular, about which 
the body would rotate without any such c(‘n- 
trifugal torque. It may be shown that tlie 
moment of inertia of the body with resj^ect 
to any one of these lines is eitlior a maximum 
or a minimum as regards all lines througli 
the given ])oint. Tlu'y are called principal 
axes. In general there is only one line about 
whicli a free l)ody will rotate permanently; it 
is the princi])al axis of great('st moment of in- 
ertia through Ww center of mass. A body 
constrained to rotate about an arbitrary axis 
will, when released, tend to change its na>tion 
so as to rotate about this [)ermanent axis, 
but the adjustment is complicated by preces- 
sion, so \hi\t the body may ^‘wobble” like a 
badly thrown discus. 

The most general case of rotalion is that of 
a rigid body about a single fixed point, a« in 
a top or gyroscope. If a free body, at rest, 
is given a sudden push along some line not 
through the center of mass, it ])cgins to rotate 
about some other line beyond the center of 
mass and perjiendiculnr to the applied force. 
This line is the axis of instantaneous rotation. 
It is only a temporary axis, the rotation be- 
ing at once transferred to an axis through the 
center of mass. The line mutually perpendic- 
ular to the instantaneous axis and to the line 
of the force passes through the center of mass, 
and its intersections with the other two lines 
are conjugate points, having the same relation 


as the center of oscillation and the center of 
suspension of a rigid pendulum. If the push 
is given in line with the center of mass, the 
axis of instantaneous rotation is at infinity, 
and the motion is then one of pure transla- 
tion. 

A torcpie applied so as to tend to change 
the axis about which a body is rotating results 
in the peculiar behavior known as precession. 
The angular momentum of a rotating body 
is the product of its angular velocity by its 
nmnfbni of inertia about the axis of rotation. 
The kinetic energy associated with rotational 
motion is eciual, in absolute units, to % the 
product of the moment of inertia by the 
s(T|iiare of the angular velocity --a fonnula 
analogous to that for kinetic energy of linear 
motion. 

ROTATION-INVERSION AXIS. A sym- 
metry element possessed by certain crystals 
by which the crystal is brought into self-coin- 
cidence by a combined rotation about tlie 
axis and inversion. 

ROTATION, MOLAR. Or molar rotatory 
])ow(T or molecular rotation. The product 
of the specific rotation by the molecular 
weight, divided by 100. The form of this re- 
lationship is 

\M] = ;ifH/ioo 

in which [.!/] is the molar rotation, M is the 
irivdecular weight, and [a] is the specific rota- 
tion. The direct form of this relationship is 

[Tl/j = Ma/iOOlp 

in which [J/] is the molar rotation, M is the 
molecular weight, a is the angle of rotation 
for a column of liquid of ofie* tive length, 
and p is the density of the liquid. (See rota- 
tion, specific.) 

ROTATION, MOLECULAR. In the solid 
state, certain compounds show anomalies of 
specific heat, crystal symmetry and dielec- 
tric constant arouml a definite temperature. 
This has been interpreted as showing the on- 
set of rotation of the molecules or complex 
ions in the lattice, as if iliey were more or less 
freely pivoted at ^ their proper lattice sites. 
The exact conditions for this effect to occur 
before the crystal melts arc oomjflicated, but 
the phenomenon is fairly common, especially 
in diatomic molecules of the type of Ho, HCl, 
etc. 


Rotation of Plane of Polarization — Rotatory Power, Optical 
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ROTATION OF PLANE OF POLARIZA- 
TION OR LIGHT IN MAGNETIC FIELD. 
See Faraday effect. 

ROTATION OF THE VIBRATION PLANE. 

Certain substances, i.e., crystalline quartz 
along the optic axis, certain liquids (turpen- 
tine) and solutions (sugar or tartaric acid), 
and certain isotropic substances when placed 
in a strong magnetic field have the ability to 
rotate the plane of polarizalion of polarized 
light passing through them. (See Roberson, 
Introdvction to Optics j 4th Ed.) 

ROTATION PHOTOGRAPH. A photograph 
of the diffraction pattern obtained by rota- 
tion of a single crystal in the beam of im- 
pinging x-rays. 

ROTATION-REFLECTION AXIS. A sym- 
metry element possessed by certain cry^Stals, 
whereby the crystal is brought into self-co- 
incidence by combined rotation and reflection 
in a plane perpendicular to the axis of rota- 
tion. Rotation-refl(‘ctioii axes may be one- 
fold, two-fold, thiec-fold, four-fold, or six- 
fold, according to whether the rotation which, 
with the reflection, brings the crystal into 
self-coincidence, is through an angle of 360"^, 
180^ 120^ 90° or 60°. 

ROTATION, SPECIFIC. The angular rota- 
tion of the plane of juilarization as it jiasses 
through an optically-active material, divided 
by the length of the ])ath and the density of 
the material. Sugar solutions are ordinarily 
measured for 10 cm path-length The 10 cm 
specific rotation of sugar (sucrose) solution i.s 
66.67°. 


ROTATIONAL CONSTANT. The < onstant 
B, appearing in the rotational term of molec- 
ular spectra, and defined by the expression 


B 


h 

Stt^cI 


where h is the Planck constant, c is the ve- 
locity of light, and I is the moment of inertia 
of the molecular system about the axis of ro- 
tation. Besides being a factor, B is the recip- 
rocal moment of inertia. 

The Schrodinger equation for a symmet- 
rical rotating molecule, referred to the spher- 
ical polar coordinates r, 4> is 


Id/ dit'X Sv^IEi 

{ «in d — ) H -X — 

sin B dd \ 66/ hr 


= 0 , 


where E is the energy of rotation and I is the 
moment of inertia. Substitution of a: = cos 0 
reduces the equation to a Legendre equation, 
hence the eigenfunctions are the spherical 
harmonics i/r = Pi{x) and the eigenvalues of 
E are 


El 


l(l + l)h^ 
St^I 


= Bcl(l + 1). 


ROTATIONAL ENERGY OF DIATOMIC 
MOLECULES. In the Report on Notation 
for Spectra of Diatomic Molecules, Mullikan, 
Phys. Rev. 36, 623 (1930), the rotational en- 
ergy Kr is defined as the difference between 
the energy of the actual molecule and that of 
an idealized molecule obtained by the follow- 
ing imaginary process: the rotation of the 
nuclei is gradually stopped without placing 
any new constraint on the vibration of the 
nuclei or on the electron motions, in such a 
way as might be realized by gradually fie., 
adiabatically) coupling an infinite moment of 
inertia to the axis of rotation of the mole- 
cule (See adiabatic approximation; rota- 
tional con.stant.) 


ROTATIONAL FLOW. Sec flow, rotafional. 

ROTATIONAL PARTITION FUNCTIONS. 
See partition function. 

ROTATIONAL SUM RULE. In symmetric 
top molecules if the line strengths of the three 
transitions with the same* 7" are added for a 
given electronic transition, apart from a con- 
stant factor, the value 2J" + 1 (or 2J' + 1 
for transitions with the same J') is obtained; 
that is, a (rotational) sum nile holds: the 
sums of all the line strengths from or to a 
given rotational le\Tl are pi'oportional to the 
statistical weight of that level. 

ROTATIONAL WAVE. See wave, shear. 

ROTATOR. In waveguides, a means of ro- 
tating the plane of polarization. This may be 
done very simply in the case of a rectangular 
guide by twisting the guide itself. 

ROTATORY. Optically active. Capable of 
rotating the plane of polarized light, distin- 
guished as dextro-rotatory and levo-rotatory, 

ROTATORY POWER, OPTICAL. The abil- 
ity of a substance to rotate the plane of po- 
larization of polarized light. 
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Rototral — Russell E£Fect 


ROTOTRAL. A form of electrodynamic am- 
plifier (see amplifier, electrodynamic) often 
used in feedback control systems, which 
generally consists of two cascaded, simple 
separately-excited generators driven at con- 
stant speed The first generator-stage com- 
monly has two equal field-coils connected in 
opposition, one of which is excited by a refer- 
ence current, the other by a current propor- 
tional to the outjHit of the controlled device. 

ROTOR. The rotating portion of a dynamo 
or of any other machine, such as a centrifuge. 
(See also generator, electrical.) 

ROUND-OFF (VERB). In computer tenni- 
nology, to delete less significant digits from 
a number, and possibly apply some rule of 
correction to the part retained. 

ROUND WINDOW. An opening from the 
cavity of the inner ear to the middle ear. 
It is covered by an elastic membrane and 
is sometimes called the secondary eat drum 

ROUTINE. A sequence of operations which 
a digital computer may perform, or the se- 
quimce of instructions winch determine th(\se 
operations. 

ROW LINES. 1 dues formed by the diffrac- 
tion spots on a rotation photograiih of a crys- 
tal as obtained by rotation of a crystal in a 
l)eam of x-rays, and pliotographing the dif- 
fraction pattern, 

ROWLAND CIRCLE. Tlie slit, grating and 
primary astigmatic focus of a concave diffrac- 
tion grating all lie on a circle kno\\Ti as the 
l^owlancl circle. 

ROWLAND GHOSTS. Disi ussed under 
ghosts. 

ROWLAND MOUNTING. A method of 
mounting a diffraction grating and plate 
holder at the ends of a rigid bar each of 
^hich rides on separate straight tracks which 
intercept each other at right angles. The 
slit is placed at the intersection of the two 
tracks. 

RUBICON MICROVOLT POTENTIOM- 
ETER. See potentiometer, Rubicon micro- 
volt. 

RUBIDIUM. Metallic element Symbol Rb. 
Atomic number 37. 


RULING-ENGINE. A mechanism operated 
by a long micrometer screw for ruling the 
equally spaced line on optical gratings. The 
first, good ruling-engine was made by H. A, 
Rowland (1882). 

RUMBLE, TURNTABLE. See turntable 
rumble. 

RUNDOWN. The linear fall of plate volt- 
age in a Miller sweep generator. 

RUNGE-KUTTA METHOD. A numerical 
method for .solving a differential equation. 
Let the given equation be y' = with 

initial values (xo,yu). Four quantities are 
ealeulated 

= /{■ro,yu)h 

• ^2 = /(xo + h ^2, yo -} lci/2)h 
^3 = \r h/2, Dq -f- A’ 2 / 2 )A 
ki = /(xo + A, yo + /c3)A. 

Then 

.T, = Xo + A 

2/1 = 2/0 + Ay 

Ay = l/6(Ai + 2/f2 + 2h + k^) 

The method may be generalized for simul- 
taneous first-order differential equations. 

RUPTURE, MODULUS OF. A measure of 
the ultimate strength or the breaking load 
per unit area of a specimen as (h'tennined 
from a torsion, or more commonly from a 
liendmg test. Tlie modulus is calculated from 
tlie breaking load assaiiiing that the specimen 
remains elastic until rupture occurs, although 
this may not be tlie ease Its value will be 
intermediate between the ultimate tensile and 
compressive strengths 

RUSSELL EFFECT. Thi.s effect is also 
known as the Vogel-Colson-Russcll effect as 
it was indepondently obser^’^ed in different 
fonns by all three It is the general -term ap- 
plied to the ffinnation of latent developable 
images on photographic films and papers by 
agents other than radiant energy and specifi- 
cally by resins, metals, printing inks, volatile 
liquids, gaseous fumes, etc. In many cases 
the effect ai)pears to be due to the release of 
hydrogen peroxide which is capable of ren- 
dering the silver halides developable without 
exposure to light. 
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RUSSELL-SAUNDERS COUPLING. See 
coupling, Russell-Saunders. 

RUTHENIUM. Metallic element. Symbol 
Ru. Atomic number 44. 

RUTHERFORD. (1) A unit of radioactivity, 
symbol rd, equal to 10® disintegrations per 
sec. (2) A quantity of a nuclide having an 
activity of 1 rutherford. 

RUTHERFORD SCATTERING. See scat- 
tering, Rutherford. ‘ 

RYDBERG CONSTANT. A quantity which 
enters into the frequency or wave number 
fonnulae for all atomic spectra. It lias nearly 
the same value for all elements, and has only 
to be multiplied by a factor dependent in a 
regular way uiion the ordinal number of the 
line to give the wav(‘ number of each in a 
given hydrogen-like spectral series. Bohr <le- 
rived the following expression for the constant 
in the case of any atom, the mass of whose 
nucleus is M: 

27r^mc^ 

in ^^llich 7n is the mass and e the charge of th(‘ 
electron, c is the electromagnetic constant 
(speed of light), and h is the Planek constant 
Since m/M is in any case very small, it is 


clear that R cannot vary much from element 
to clement. Its smallest value (for hydro- 
gen) is about 109,677.591 reciprocal cm, and 
it can never exceed 109,737.323 reciprocal cm. 
If R is multiplied by c, the result is the “Ryd- 
berg fundamental frequency’^ (called by some 
writers the Rydberg constant) ; and if this be 
used in place of R, the spectral series formulae 
give frequencies instead of wave numbers. 

RYDBERG CORRECTION. In the motion 
of an electron about a core which is not a 
point charge, ihe orbits (in the Bohr theory) 
wore considered not to be simple ellipses, but 
ellipses whoso orbits rotate uniformly (rosette 
motion). In this case, the energy is not in- 
dependent of the aziniutlial (jiiantum number 
/, and is given by the formula: 

R'Z^ 

(n + o)2 

where En,i is the energy, R' ~ hcR, where h 
is the Phinek constant, c the velocity of light, 
and 7? is the Rydberg number Z is the 
charge on the (‘ore (the atomic number lo'-s 
tlie core elc'ction^) , ft is the ])rin(‘i])al qu^intiim 
number, and a i.s tlu* Rydlx'rg correction, 
which depends on the azimiilhal ciuantiim 
iuimb(T, and approaches zero with increasing 
I. 


s 


S. (1) Second (s) (2) Scattering coefficient 

(turbidity) (6*). (3) Solubility (aorS). (4) 
Specific surface (s). (5) Area (*S). (6) 

Acoustic condensation (&*). (7) Exponential 

compressibility (s). (8) Cross section (s). 

(9) Elastance, or reciprocal capacitance (/S). 

(10) Action (8). (11) Displacement (s), 

linear displacement (s). (12) Total entropy 

(iS), entropy per atom or molecule (s or .§,„), 
entropy per unit mass (s), entro})y per mole 
(.9, S or N^). (13) Length of path or arc (.s). 

(14) Slip in electrical machinery (s). (15) 

Stopi)ing power (*S), mass stoppling power 
(S,«), linear stopping power (S/L atomic stop- 
ping power (*SJ. (10) Oiitical object dis- 
tance (.s). (17) Oi)tical image distance (/). 

(15) Sensitivity of phototube (dynamic, «) 

(static, *8). (19) Sulfur (S). (20) In spectro- 
scoi)y, sliaded or displaced to shorter waves 
(s). (21) Spill quantum numlier of electric 

sy)in of an electron quantized in units of fi 
(.s), resultant sjiin quantum numhor or result- 
ant angular momentum spin of two or more 
(‘loctrons quantized in units of (i8), (22) 

Typo of electron with azimuthal quantum 
number of 0 f.s-). (23) Spectral term symbol 

for li-valuc of 0 (*S) . 


the exposure of the undeveloped silver halide 
through the negative image. 

Reversal of the image, however, may also 
be produced by the substitution of certain 
chemicals, such as sodium arsenite, for the 
exposure to ditiuso light. Exposure to x-rays 
under these conditions does not result in re- 
versal. Students are now agreed that the 
Sabatier cfTect is not a simple case of second 
exiiosure as de^cribed above but a different 
plieiiumenon connected a])f)arently with the 
devclbpmenl of the images. 

SABIN. A measure of tlu*' sound absoiqotion 
of a surface. It is the equivalent of 1 square 
foot of a perfectly absorjitne surface. 

SABINE LAW. An expcuamental formula 
for the reverberation time in a room. It has 
the same form as the Franklin equation. 

SACCHARIMETEK. A polarimeter cali- 
brated to read directly the purity of a sugar 
solution. 

SACKUR-TETRODE EQUATION. An 

equation giving the t^’inslational entropy of 
an ideal gas. With ccu’tain simplifying ap- 
proximations, it become'-: 


S METER. A inct('r used in some coimniini- 
cation receivers to measure relative signal 
strength. This meter is sometimes placed in 
the plate circuit of an intermediate-frequency 
amplifier which is subject to automatic gain 
control. The plate current in this stage is 
thus an inverse function of signal strcngtl*. 

S-STATE. A state of zero orbital angular 
momentum. 


S 


ir 


r {2nmkTy 

it In 

L h^N 



in which Sir the translational entropy of 
one mole of gas, R is the gas constant, m is 
tlie molecular mass, k is the Boltzmann con- 
stant, T is the absolute temperature, h is tin 
Planck constant, N is the Avogadro constant, 
and V is the molecular volume. 


SABATIER EFFECT. This effect, studied 
by Sabatier, is a reversal phenomenon ob- 
served with photographic materials under 
certain conditions as when the developed 
image is exposed to diffuse light and redevel- 
oped. Reversal of the imago, under these 
conditions, is usually due to the first negative 
image acting as a stencil during the second 
exposure, the positive imago being formed bji^ 


SADDLE. See col. 

SADDLE POINT, A })oint fT,),?yo) on a sur- 
face j{x,\j) where /(.r,//o) is a maximum at 
X = Xo and /(To,?y) at the same time is a mini- 
mum at y ~ ?/(). A familiar example is the 
hyperbolic paraboloid, which has a saddle 
point at the origin if its standard equation is 
taken as — y^/lr — 2cz. A person 

walking toward the origin in the XZ-plane 
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would be ascending a mountain peak while he 
would be descending into a valley if he walked 
in the FZ-plane. (Also called a minimax 
or a col.) 

SAGITTA. In elemcntaiy studies of the op- 
tics of curved surfaces, an approximate value 
for the sagitta to an arc of a circle is fre- 
quently useful. When x y the exact equa- 
tion, r- = {r — x)^ + reduces to x « 1/V2r, 
where OA = r is the radius, = 2^ is the 
chord and DB = x is the sagitta. 

SAGITTAL FOCUS. See astigmatic focus. 

SAINT ELMO FIRE. A brush-like discharge 
from charged objects in tl\c atmosphere. It 
occurs on ship masts, on aircraft propellers, 
wings and other projecting parts, and, in gen- 
eral, on objects projecting from high terrain. 

S AKATA-TAKETANI EQUATION. Rcl a- 

tivistic equation for a particle of spin zero 
which has an appearance similar to that of 
the non-relativistic Schrbdinger equation. 

SALT BRIDGE. A type of liquid junction 
used to connect electrically two electrolytic 
solutions. It consists commonly of a U-tube 
filled with a strong salt solution, and provided 
with porous plugs. It is used for such pur- 
poses as to connect electrolytic half cells in 
making measurements of electrode potential. 

SAMARIUM. Rare earth metallic element. 
Symbol 8m. Atomic number 62 

SAMPLE POINT. Tbe point on a chro- 
maticity diagram that ref)resents the chro- 
maticity of the sample, 

SAMPLING ACTION. In an automatic con- 
troller, tliat action in which the difference 
between the independent variable and the 
controlled variable is measured and correction 
made only at intermittent intervals. 

SAMPLING PRINCIPLE. The specification 
of the least number of discrete \alues (sam- 
ples) of an unknown function necessary for 
its complete and unambiguous definition. 

SANAPHANT. A circuit with characteristics 
intermediate between the phantastron and the 
sanatron. 

SANATRON. A form of the phantastron in 
which the gating wavef* rm is generated in a 
second tube. 


SANDWICH PHOTOCELL. Colloquialism 
for a photovoltaic cell. 

SARGENT CURVES. Graphs obtained by 
plotting the logarithms of the radioactive dis- 
integration constants of /^-emitting radiocle- 
ments, agaiiibt the corresponding logarithms 
of their maximum /^-particle energies. Most 
of the points coiresponding to the natural 
radioelements were found to fall on two 
straight linos. 

An interpretation of this result was pro- 
Auded by tbe Fermi theory of P-decay based 
upon tbe neutrino concept, which yielded the 
relationship between the disintegration con- 
stant and the maximum y^-particle energy, 
which in its logarithmic form is 

log X = log A- + O log Emax- 

SARGENT CYCLE. A quantity of ideal gas 
is taken through the following reversible 
])rocesses: (a) From pressure Pi and tempera- 
ture compressed adiabatically to tempera- 
ture Oj, (b) Healed at constant volume from 
lemperature to temperature 6^3. (c) Fa- 

l)anded adiabatieally from temperature to 
pressure Pi and temi)eraiure Bi, (d) ®oole«] 
at constant pressiin' to temperature Bi. 
The efficiency of such an engine is 

> B4 ~ 0i 

> ““7 

0 :i — B2 

where y is the ratio of specific heats (Pp/P,,). 

SATURABLE CORE, IDEAL. A core dis- 
playing idealized magnetic characteristics, i.e., 
a magnetization curve r('])r(‘sented by two 
straight lines, having fx = zero above the knee 
and /X = infinity below the knee, and having 
no losses and heno(‘ no hysteresis loop. 

SATURABLE REACTOR. A saturable re- 
actor (see reactor (2)) is an adjustable in- 
ductor in which the current versus voltage 
relationship is adjusted by control magneto- 
motive forces applied to tlie core. 

SATURABLE REACTOR, HIGH CONTROL 
IMPEDANCE. See magnetic amplifier. 

SATURABLE REACTOR, IDEAL. A satur- 
able reactor employing ideal core or cores, 
having perfect coupling between power and 
control windings and characterized by ab- 
sence of losses, winding resistance and ca- 
pacitances. 
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Saturable Reactor, Low Control Impedance — Savart Plate 


SATURABLE REACTOR, LOW CONTROL 
IMPEDANCE. See magnetic amplifier. 

SATURABLE TRANSFORMER. A satur- 
able reactor in which both output windings 
and power windings are employed, commonly 
to secure voltage transformation or circuit 
isolation from the a-c supply. 

SATURATED ACTIVITY (NUCLEAR RE- 
ACTOR). The maximum activity obtainable 
by activation in a definite flux. The saturaft^d 
activity is proportional to the magnitude of 
the flux. Saturation results wlien the rate of 
fonnation of the activity is essentially equal 
to its rate of decay, and is approaclied when 
the irradiation time is long compared to (he 
half life of the activity. 

SATURATING REACTOR. An inductor 

(1) operating in .saturation (5) without inde- 
]H‘ndent control means. 

SATURATION. Tlic state of being satisfied, 
or re{)lete, or the action of bringing about that 
sintc. Sonic specific u^es of this t(Tm apply 
to a single sulistancc, entity or rc'gion, and 
otliers to relations lictwccii more tliaii one, as: 
(1) Saturation current i& the ionization cur- 
rent whieh result'* when tlic apjilicd potential 
Is sufficient to collect all ions It is the maxi- 
mum cuiTent that will pass through a gas 
under definite conditions of ionization. It is 
a mea'-ure of the charge carried l>v the ions 
jiroduced in caeh second, and enc(' may be 
used as a measure of tlu* radioactivity of a 
substance. (2) Color saturation is tl'«* at- 
tribute of any color pcivcption po'-se.svmg a 
hue, that detennincs the degiec of its difler- 
cnce from the achromatic color jiercejition 
most resembling it. This is a subjeetuc term 
corresponding to the ])svclu)physical term 
purity. The description of saturation is not 
commonly undertaken beyond the of 

rather vague tenns, sucli as vivid, strong, and 
weak. The tenns brilliant, pastel, pale and 
deep, wdiich are sometime*-" used as descriptive 
of saturation, have connotations descriptive 
also of brightne.ss. (3) The saturated activity 
of a nuclear reactor is the maximum activity 
obtainable by activation in a definite flux. 
(4) A saturated vapor is a vapor whose tem- 
perature corresponds to the boiling tempera- 
ture at the pressure existing on it. Expressing 
the same thought another way, a vapor is 
saturated when its temperature is a function 
of its pressure alone. A saturated vapor may 


be wet or dry, and the term does not imply, 
necessarily, a wet vapor. A vapor of 100% 
quality, having no superheat, is said to he dry 
and saturated. (5) Magnetic saturation is 
the maximum magnetization (or the maxi- 
mum permanent magnetization) of which a 
body or substance is capable. (0) As a})- 
plied to a solution, saturation is the process 
or condition of dissolving in a .solvent all of 
a solute which the solvent can absorb, under 
or]uilibriuTn conditions at a given tempera- 
ture. (7) Saturation is the complete neutral- 
izaiion of an acid or base. (8) A saturated 
coin])ound is an organic compound in which 
each carbon valency is combined with a dis- 
tinct atom, except that double- or poly-link - 
ages between carbon and certain other ele- 
ments (particularly nitrogen) do not cause 
unsat nr at ion. 

SATURATION ANGLE. Synonym for gate 
angle. 

SATURATION INTERVAL. That portion 
of the vsupj)ly cycle, expressed in per cent or 
degrees, t luring which the core of a saturable- 
core device is saturated, and the gate wind- 
ing cannot absorb or support voltage. 

SATUIL\TION, MAGNETIC. Magnetic sat- 
uration is a term used generally to describe 
the condition of a magnetic material at high 
values of induction with small incremental 
pcrnicahilil y. (See permeability, incre- 
mental.) 

SATURATION REACTANCE. The rcac- 
lance of O'c gale windings of a magnetic am- 
plifier during the .saturation interval. 

SATURATION SCALE. A „-rics of visual 
stimuli jicrccivcd by an o])ser\Tr to have equal 
dilTerences in saturation. (See saturation 
( 2 ).) 

SATURATION, TEMPERATURE. See tem- 
perature saturation, 

SATURATION VOLTAGE. (1) The mini- 
mum value of applied potential required to 
produce saturation current (sec saturation 
(1)). (2) The highest voltage which may be 
impressed on a gate winding wdthout causing 
saturation for the condition of zero net d-c 
magnetomotive force. 

SAVART PLATE. A device consisting of two 
calcite plates of equal thickness, cut parallel 
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to the natural cleavage faces and mounted 
with corresponding edges at right angles. 
Used to detect the presence of polarized light 
by means of interference fringes on a prin- 
ciple first described by Brewster. 

SAWTOOTH WAVE. See wave, sawtooth. 

SAYBOLT VISCOSIMETER. Sec viscosity, 
measurement of. 

SCALAR. A (quantity wdiich has magnitude 
only, as distinguished from a vector, which 
has direction also. A true scalar lias the same 
magnitude in all coordinate systems but see 

pseudoscalar. 

SCALAR FIELD. A region of sjiace de- 
scribed at each point by means of a« scalar 
function. Examples, the atmosphere, in which 
the temperature may vary from one ]ilace to 
another; an unstirn'd solvent containing ex- 
cess solute, where the concentration may vary 
before saturation is r('ach('d. Such a field is 
characterized by the fact that its numerical 
value at a point is tin' same in all coordinate 
systems. In relativity theory such coordinate 
systems are extended to include those ob- 
tained by a Lorentz transformation. 

SCALAR POTENTIAL. Function of position 
and time used to jiartl}^ specify an elec- 

tromagnetic field. In the cas(‘ of an electro- 
static field E the scalar jiotential becomes the 
electrostatic potential, with E = — V<^. (See 
vector potential.) 

SCALAR PRODUCT. Tf A and B are two 
vectors, of magnitude A, respectively, their 
scalar product is 

A • B = AB cos d 

where 0 is the angle between the two vectors. 
This product, which is a scalar quantity, is 
also known as the dot or inner product. If 
the vectors are complex, the result of multi- 
plication is the ITermitian scalar product (see 
vector space). 

The scalar product of two vectors obeys 
the commutative and distributive laws: 

A-B = B-A; A-(B C) = (A-B) -f (A-C). 

If A is peri^endiculai t^ B, then A-B = 0 ; and 
consequently, if A-B = 0 , then A is perpen- 


dicular to B. If A is parallel to B, then 
A*B = AB. Consequently, A-A = or the 
square of the length of A. 

SCALE. (1) A balance used for weighing; 
(2) a series of markings at regular intervals 
which are used for measurement or computa- 
tion. (3) A defined set of values in terms of 
which (luantities of the same nature as those 
defined may be mea‘jured, eg., temperature 
scale. 


SCALE DIATONIC. See scale, just. 


SCALE, EQUALLY TEMPERED. A s( ries 
of notes selected from a division of the octave 
(usually) into 12 equal inters’als. 


EgrALi.Y TLAN'iaiEn 

Intervals 

Frequency 

Name of Interval 

l{atio 

Unison 

1:1 

Minor soronU or semitone 

1 OSOtna:! 

Major sc(‘onil or whole tone 

1 1221G2:l 

Minor (Innl 

1 18^)207:1 

Major third 

1 25d<)2]:l 

Perfeel fourth 

1.3318-10:1 

Augmenterl fourth 1 

1.414211:1 

Diminished fifth | 

Perfect fifth 

1 408307:1 

Minor siKth 

1.587 101 :1 

Major si\th 

1 081703:1 

Minor seventh 

1 781707:1 

Major seventh 

1 887710:1 

Octave 

2:1 


Cents 

0 

100 

200 

:soo 

400 

^ 500 

GOO 

700 
800 
000 
1000 
1 100 
1200 


SCAT.E FACTOR. (1) In analog computing, 

a proporiionaliiy factor which relates the 
maguiiude of a variable to iU representation 
w ithin a computer, (2) In digital computing, 
the arbitrary factor which may he associated 
with numbers in a computer to adjust th(' 
position of the radix so that tlie significant 
digits occujiy specified columns. (3) A meas- 
ure of the sensitivity of a galvanometer or 
similar device, defined as the ratio of the cur- 
rent through, or the voltage across, the termi- 
nals to the deflection. Identical with figure 
of merit (2). 


SCALE, JUST. A musical scale (see scale, 
musical) formed by taking three consecutive 
triads each having the ratio 4:5:6, or 
10:12:15. By consecutive triads is meant 
triads such that the highest note of one is 
the low^est note of the other. 
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Some Just Intervals 


Name of Interval 

Frequency 

Ratio 

Cents 

Unison 

1:1 


Semitone 

16:15 

111.731 

Minor tone or lesser whole tone 

10:9 

182.404 

Major tone or greater whole tone 

9:8 

203.910 

Minor third 

6:5 

315.641 

Major tliird 

5:4 

386.314 

Perfect fourth 

4:3 

408.045 

Augmented fourth 

45:32 

590.221 

Diminished fifth 

64:45 

609.777 

IVifect fifth 

3:2 

701.055 

Minor sixth 

8:5 

813.687 

Major sixth 

5:3 

884 359 

Harmonic minor seventh 

7:4 

968.826 

flravo iiiiiior seventh 

16:9 

996 091 

Minor seventh 

9:5 

1017 597 

Major venth 

15:8 

10S8 2()9 

Octave 

2:1 

1200 000 


SCALE, MUSICAL. A scTics of notes (sym- 
bols, sensations, or slinuili) arranu;(‘(l from 
low to lnj;rh by a specified scheme ot intervals, 
suitable for musical puriioses. 

SCALE OF EIGHT. A ring counter which 
can absorb eight counts before recycling. 

SCALE-OF-TWO CIRCUIT. A collociuial- 
is]u for bistable circuit. 

SCALE, PYTHAGOREAN. A musical scale 
(*-('0 scale, inusicall such that the fretpiency 
intervals are re])rcscntGd by the ratios of in- 
tegral powTrs of the numbers 2 and d. 

SCALER (SCALING CIRCUIT). A device 
that ])roducc's an output pul.s(‘ wdlene^er a 
jirescrihed number of inimt puls(\s have been 
rec(‘ived. A biiiar>’ scaler produces jin output 
])ulsc wdieiie\er tw’o input pulses have been 
rc'eeived. By juitting binary scalcTs in se- 
cpieiice, scales of tw’o, four, eight, sixteen, ete,, 
are obtained. A decade scaler producer an 
output juilsc whenever ten in[)ut jiulses hav'e 
been roeeived. By putting decade scalers in 
sequence scales of ten, hundred, thousand, 
etc., are obtained. 

SCALING COUPLE. A bistable circuit. 

SCALING FACTOR. The niimher of input 
pulses per output pulse of a scaling circuit. 

SCALING RATIO. The ratio of input pulses 
to output pulses in a scaling circuit. 

SCANDIUM. Metallic element. Symbol Se. 
Atomic number 21. 


SCANNER. In television, a device or means 
for scanning. 

SCANNER, FLYING SPOT. A television 
camera device used predominatedy for film 
and slide subjects. The subject is illuminated 
by a ‘'flying-spot'’ light-sourcc of constant 
intensity, dev'eloped on the face of a cathode- 
ray tube W'ith a short -pei>ist(‘nce phosphor. 
The spot of light is made to follow the con- 
ventional raster pattern so that a phototube 
receiving transmitted or reflected light from 
the subject wdll have a signal output propor 
tional to subject brightness and subject posi- 
tion a^ required. 

SCANNING. (1) The process of analyzing 
or synthesizing successively, according to a 
predetermined method, the light values of pic- 
ture elhnent^ constituting a ])icture area. (2) 
A jx^iodic motion given to ihe major lobe 
(see lobe, major) of an antenna. 

SCANNING AMPLITUDE, CAMERA. The 
amplitude of the scanning signals wdiich de- 
termine the area of the television camera 
mosaic interrogated for signal content. In 
g(*n(Tal practice, as much of the surface is 
used as possible. Hovvewer, some adjustments 
and measurenu'nts can best be made with re- 
duced mosaic areas. 

SCANNING ANTENNA MOUNT. A me- 
chanical support for an antenna which pro- 
vides mechanical means for scanning or 
tracking witli tlu' antenna, and means to take 
off information for indication and control. 

SCANNING, CIRCULAR. Scanning in 

which the direction of maximum radiation 
gcneKites a jdane or a right circular cone 
wdiose vertex an^’lc is close to ISO"'. 

SCANNING, CONICAL. Scanning in which 
the direction of maximum radiation generates 
a cone whose vertex angle is of the order of 
the beam width. Such scanning may be cither 
rotating or nutating, according as the direc- 
tion of polarization rotates or remains un- 
changed, 

SCANNING DISK. A nipkow disk, or, in 
field-sequential color television, the tricolor 
wheel used betw'een the camera lens and the 
subject. 

SCANNING, ELECTRON. The periodic de- 
flection of an electron beam across the screen 
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of a cathode-ray tube, following a definite 
pattern. 

SCANNING FREQUENCY, LINE. The rate 
at which the lines or sections of an image are 
scanned. Present standards set the rate at 
525 horizontal lines for each Y^o of a, second, 
or 15,750 per second. 

SCANNING, INDIRECT. Essentially the 
same scanning mechanism as flying-spot scan- 
ning (see scanning, flying-spot) except that it 
is accomplished mechanically, as in the older 
mechanical television systems. 

SCANNING, INTERLACED. A scanning 

process in which the distance from center to 
center of successively-scanned lines is two 
or more timcKS the nominal line width, and in 
which the adjacent lines bedong to different 
fields. 

SCANNING LINE. A single continuous nar- 
row strip which is determined by the process 
of scanning. In most toh'vision systems, the 
scanning lines wdiich occur during the return 
intervals are blanked. 

SCANNING LINE(S), NUMBER OF. In 

television, the ratio of line frequency to frame 
frequency. 

SCANNING LINEARITY. Tlie uniformity 
of scanning speed during the trace interval. 
(See interval, trace.) 

SCANNING LOSS. In a radar system, the 
reduction insensitivity expressed in decibels 
due to scanning across a largest compared with 
that obtained wdicn the beam is directed con- 
stantly at the target. 

SCANNING PATTERN. The pattern fol- 
lowed in the scanning process. In television 
this pattern is called a raster, while radar 
antennas may follow a circular, conical, or 
rectangular scanning pattern. 

SCANNING, RECTANGULAR. A two-di- 
mensional sector scan (see scanning, sector) 
in which a slow sector scan in one direction is 
superimposed on a rapid sector scan in a per- 
pendicular direction. 

SCANNING, rectilinear. The process 
of scanning area in a predetermined se- 
quence of narrow, straight parallel strips. 


SCANNING, SECTOR. Circular scanning 
(sec scanning, circular) in which but a por- 
tion of the plane or flat cone is generated. 

SCANNING, SPIRAL. Scanning in which 
the direction of maximum radiation describes 
a portion of a spiral. The rotation is always 
in one direction. 

SCANNING SPOT. The area with which the 
scanned area is being explored at any instant 
in the scanning process. 

SCANNING YOKE. See deflection yoke. 

SCATTERING. In its general sense, this 
term means causing the random distribution 
of a group of entities, or bringing about a 
less orderly arrangement, cither in position 
or direction. More specifically, the term de- 
notes the change in direction of particles or 
pilot ons owing to collision with other particles 
or systems; it may also be regarded as tlie 
diffusion of a beam of sound or light for 
otluT ('lectromagnetic radiation) due to the 
anisotropy of the transmitting medium. For 
the various kinds of scattering, and the vari- 
ous entities scattered, see the ent riei^ which 
follow. 

SCATTERING, ACOUSTIC. The irregular 
and diffuse reflection or diffraction of sound 
in many directions. Scatleriiig frecpiently 
occurs when the reflecting surfaces or bodies 
are small compared with the wavelength of 
sound, in certain cases the reflecting bodi(‘s 
may be small inhomogeneitios in the medium. 

SCATTERING AMPLITUDE. A quantity 
closely related to the intensity of scatU^ing 
of a wave by a ceuitral force field such as that 
of a nucleus. If describes an incident 
])lane wave of wave number fc, tlien the scat- 
tered wave can he exjiressod as at large 

distances r from the scattering center, where 
a is the scattering amplitude. The equation 
(T = 47r|a|^ relates the scattering amplitude to 
the scattering cross section a. These consid- 
erations hold for nuclear scattering at mod- 
erate energies (roughly below 10 mev), where 
the scattering is symmetric in the center of 
gravity system. For higher energies the scat- 
tering may not be symmelric, and a must bo 
generalized by expressing it in terms of 
Legendre polynomials in the scattering angle. 

SCATTERING ANGLE. The angle between 
the initial and final lines of motion of a scat- 
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tered particle. It may be specified as apply- 
ing either to the laboratory or center-of-mass 
system. 

SCATTERING COEFFICIENT. See discus- 
sion of absorption coefficient. 

SCATTERING, COHERENT. Scattering, 

either of particles or photons, in which there 
are definite phase relations between incom- 
ing and scattered waves. Ordinary scattering 
(see scattering, Rayleigh) is of this nature. 
In coherent scattering interference occurs be- 
tween the waves scattered by two or inure 
centers. This type of scattering is exempli- 
fied by the Bragg scattering of x-rays and 
the scattering of neutrons by crystals, wdiich 
gives constiTictive interference only at cer- 
tain angles, called Bragg angles. 

SCATTERING, COMPTON. Elastic scat- 
tering (see scattering, elastic) of photons by 
electrons. Because the total energy and total 
luoincntuin are conserved in the collisions, the 
wavelength of tlu’ scattered radiation under- 
goes a change that dej)en(ls in amount on the 
scattering angle. If the scattering electron 
is assumed to be at rest initially, the Comp- 
ton shift is given by the following equation: 

X' — X “ Xo(l COS0) = — cosff), 

where X' is the wave-length associal ed with the 
scattered photons, X is the wavelength of the 
incident photons, Xq is the (C/ompton) wavo- 
k-ngth of the ek‘ctroii and 0 is the angle be- 
tween lh(' paths of incident and scattered 
photons. 

SCATTERING CURVE, EXPERIMENTAL. 

For wavelengths much shorter than the radius 
of the particles causing the scattering, the 
scattered energy is nearly independent of the 
wavelength. For wavelengths much lofigcr 



than the radius of the particles, the scattered 
energy falls off as the inverse fourth power of 
the wavelength (Rayleigh scattering). (See 

scattering, Rayleigh.) 

For the case where the particles and the 
wavelengths are nearly the same, the scattered 


energy is a maximum. Practical calculations 
on transmission in this last case are very com- 
plicated. 

SCATTERING, DELBRUCK. The scatter- 
ing of light by a Coulomb field, a process 
which according to quantum electrodynamics 
occurs as a scattering of the light by the 
virtual electron-positron pairs produced by 
the Coulomb field. The total cross-section 
is fippr(’)ximately 6 millibarns for uranium. 

SCATTERING, DOUBLE COMPTON. See 
double Compton scattering. 

SCATTERING, ELASTIC. See collision, 
elastic. 

SCATTERING FORMULA, MOTT. See 
Mott scattering formula. 

SCATTERING, INCOHERENT. Scattering, 
cither of particles or photohs, in w^hich the 
srattering elements act independently so that 
there arc no definite phase relations between 
different parts of the scattered beam. The 
intensity of the scattered radiation at any 
point is determined by adding the intensities 
of the scattered radiation reaoliing the point 
from the independent scattering elements. 

SCATTERING, INELASTIC. Scattering 
brought about by inelastic collisions. (See 
collision, inelastic.) 

SCATTERING LOSS. In acoustics, that part 
of the transmission loss which is due to scat- 
tenng within the medium or due to roughness 
of the rcfl(.cting surface. In electromagnetic 
waves, the loss in power at the receiving point, 
due to scattering. 

SCATTERING MATRIX. The array of ob- 
.scrvable quantities associated with the scat- 
tering of one system by another, Sap being the 
amplitude of the outgoing wave in state p 
arising from a collision initiated by unit flux 
in state a. The matrix Sap is unitary (see 
matrix, unitary). 

SCATTERING, MULTIPLE. Any scatter- 

ing of a particle or photon in which the final 
displacement is the sura of many displace- 
ments, usually small. (See also scattering, 
plural.) 

SCATTERING OF ELECTROMAGNETIC 
RADIATION. When light enters a body of 
matter, how'ever transparent, part, of it is 
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diffusely reflected or ^^scattered^’ in all direc- 
tions. This is due to the interposition in the 
light stream of particles of varying size, from 
microscopic specks down to (‘Icctrons, and the 
deflection of light quanta resulting from their 
encounters wuth these small obstacles. Simi- 
lar effects are produced upon infra-red, ultra- 
violet, x-rays, and other forms of electromag- 
netic radiation, and upon streams of particles 
such as cathode rays or a-rays. 

SCATTERING OF ELECTRONS IN SOL- 
IDS. An electron in the conduction band of 
a metal or semiconductor may be scattered 
by the thermal vibrations of the lattice, by 
impurities and lattice defects, by disloca- 
tions, by the boundaries of tlic specimen (as 
in thin films), and by the disordered struc- 
ture of an alloy or solid solution. 

SCATTERING OF NEUTRONS BY PRO- 
TONS. The analysis of the scattering of ihmi- 
trons by protons indicates that the forc(‘s be- 
tween n(‘utrons and ])rotons are identical with 
those between protons and protons, except 
for a correction for cle(*tr(Matic repul'^ion in 
the latter case. This supports the concept of 
charge independence. 

SCATTERING OF PARTICLES, PROBA- 
BILITY OF. When electrons (or atoms) col- 
lide with atoms, the resulting scattered cur- 
rent per unit incident current, per unit path 
length, per unit j)ressure at 0®C, per unit solid 
angle in the direction 0 is the probability of 
scattering. 

SCATTERING OF PHONONS IN SOLIDS. 

The transport of heat in solids is limited by 
scattering of the thermal vibrations. The in- 
teraction with other phonons is mainly eff(‘c- 
tive in Umklapp processes. Lattice defects 
apj)ear to act by Rayleigh scattering, the ef- 
fect being inversely as the fourth power of 
the wavelength. Tlie ciystal boundaries scat- 
ter the phonons, in default of other rc'^jistance, 
the reflection being as if from a rough sur- 
face, except at very long wavelengths in very 
smooth crystals, when specular reflection has 
been observed. In glasses, and other amor- 
phous solids, the scattering may be by local 
variations in structure, although this also is 
ineffective at very long wavelengths. In 
metals the phonons f e strongly scattered by 
the free electrons — the inverse of the elec- 
trical resistauce phenomenon. 


SCATTERING OF PROTONS IN HYDRO- 
GEN. The results of measurements of the 
scattering of protons by protons indicate the 
presence of an attractive nuclear force be- 
tween the protons at very close contact. 

SCATTERING OF PROTONS, INELASTIC. 

Nuclear scattering of protons in wdiich some 
of the proton energy is transferred to the 
nucleus, leaving the nucleus in an excited en- 
ergy state, with the subsequent emission of 
y-rays. 

SCATTERING OF SOUND, SELECTIVE. 

Frecjuency-depench'nt sound scattering. (See 

scattering, acoustic.) 

SCATTERING, PLURAL. Any scattering 

of a particle or j)lioioii in which the final dis- 
placement is the vector sum of a small num- 
ber of displacements. Plural scattering may 
be regarded as intertnediate between singh' 
and multiple scattering. (See scattering, 
single and scattering, multiple.) 

SCATTERING, POTENTIAL. (1) In nu- 
clear tlieoiy, the part ot nuclear scattering 
that has its origin in ndlection from file nu- 
clear surface, thus ]ea\ing the inti'rior of the 
nucleus undisturbed. The tenn usually is 
used in contradistinction to resonance scatter- 
ing, which is the scattiTing arising from the 
part of the incident wa\e that lionet rates the 
surface and interacts with the interior of the 
nucleus. In general, the scattered wave may 
have comixmimts arising from both kiiuls of 
scattering ]')roce‘^s('s (2) Scattering of an in- 

cident wave by refl(‘ction at a cliango or dis- 
continuity in the potential field. 

SCATTERING, RAMAN. See Raman effect. 

SCATTERING, RAYLEIGH. For very fine 
dust (or for other fine particles, or even the 
molecules of the air), Uayleigh concluded that 
the intensity of the light of wavelength A, 
scattered in any direction making an angle 0 
with the incident direction, is directly pro- 
portional to 1 -f cos^ f) and inversely propor- 
tional to A^. The latter point is noteworthy 
in that it sliows how much greater is the scat- 
tering of the short wavelengths. Those rela- 
tions apply when the scattering particles are 
much smaller than the wavelength of the ra- 
diation. Tims the sky is blue, and tobacco 
smoke appears blue, because blue light is scat- 
tered more than red. The unscattered light is 
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of course complementary to blue, that is, 
orange or yellow — which explains the “warm'" 
hues of the sunset. Scattered light is also dis- 
tinctly plane-polarized. (See polarized light.) 

SCATTERING, RUTHERFORD. The proc- 
ess in which moving parliclcs, commonly 
charged particles, are scattered at various 
angles by intcTaction with atoms of a solid ma- 
terial. In Rutherford’s original work, high 
speed a-j')artieles from radon wore focused in 
a narrow' beam to strike a thin gold foil. 
Most of them pass thi-ough, but some are 
scattered. 

SCATTERING, SINGLE. Tlic deflection of 
a particle from its original path owing to one 
(Mieouno'r with a single scattering center in 
the material traversed. This is to be distin- 
guished from plural scattering and multiple 
scattering, which involve successive encoun- 
ters with scattering centers. 


SCATTERING, THOMSON. The scattering 
of electromagnetic radiation by fr(‘e charged 
])ai'ticles, C()m[)uted eitlier classically or ac- 
cording to non-relativist ic quantum theory. 
ScatUM'ing by electrons is interpret(*d classi- 
cs lly a^ a ])r()C(‘ss in ^^'hich some of tlie energy 
of the primary radiation is reduced because 
electrons radial(‘ when aeeeleratcvl in the 
transver^-e elect lic field of the radiation. The 
scatti'ring eross seel ion is given by 



whieh is 0 657 barn for an electron and is 
called the Thomson cross section, or the clas- 
sical scattering eross section. 


SCAVENGING. The use of an unspecafie 
preci})itate to remoA’c fj'om solution by ad- 
sorption or copreeipitat ion a large fraction of 
one or more undesirable radionuclides. Vo- 
luminous gelatinous preciinlates are usually 
used as scavengers, c.g., FcfOID.s. 

SOBERING BRIDGE. See bridge, Scher- 
ing. 


SCHLAFLI FORMULA. An integral repre- 
sentation of the Legendre polynomial 


J 2^(t - 2)”+i 


{t — 2) 


dt 


w'hcrc the contour encircles the point z in the 
conn ter clock w’ise direction in the complex 
plane. 

SCIILIEREN. Any disturbance of the air 
in the light path of an interferometer which 
clianges the density of the air (for example, 
the heated air rising from a flame) will cause 
changes in the interference j^attern. In order 
to observe the density j)attci'n of the airflow 
about an obstacle in a wind tunnel, a very 
large hderferometer i.i mounted to look aero.ss 
the funnel. Steady flow wilh constant density 



^^l•hllel(n apiKiialus for observing shock 
in hiiprn’^onie innnol 

of air do(‘s not show on the interference pat- 
tern, but turbuhmf flow', shock weaves and sim- 
ilar density \ariations do appear in the iiitor- 
feroTiee jiattcrn. The w’ord ‘^schlieren” is used 
to d(‘seribe the wdiole phenoinenon. Tlie in- 
teri<‘rometer i)la1es arc called schheren plates, 
the interference pattern is called a schlieren 
j)icture, the wdiole instrument is called a 
schlieren interferomeler or simply schlieren 
apparatus. 

SCHMIDT CORRECTION PLATE. A cor- 
rector plate placed in front of the reflecting 
>plurical mirror of a telescope so as to elim- 
inate spherical aberration and coma. Tele- 
scopes >o mad(‘ have unusually wide fields of 
\icw. 

SCHMIDT-HILBERT METHOD. A method 
of solving integral equations w'ith symmetric 
kemels. The result is an infinite series in- 
v»)lving eigenfunctions and eigenvalues. 

SCHMIDT LINES; SCHMIDT LIMITS. 

Twm lines in the plot of nuclear magnetic 
moment versus nuclear spin that show the 
relationship to be expected according to the 
simi)le form of the independent particle 
model. For nuclides of odd atomic numbers 


Schmidt Objective — Schottky Theory 


Zy the magnetic moment of the odd proton 
can add or subtract from the magnetic mo- 
ment arising from its orbital motion ; addition 
determines the upper Seliinidt line, and sub- 
traction the lower Schmidt line. The two 
lines are approximately parallel, and show 
an increase in magnetic moment with increas- 
ing spin. For nuclides with an odd neutron, 
the lack of charge precludes any contribution 
to the magnetic moment from orbital motion. 
The Schmidt lines therefore are roughly paral- 
lel to the nuclear spin axis, and are spaced 
apart a distance con'osponding to twice the 
neutron’s magnetic moment. Experimentally, 
it is found that points describing actual nu- 
clides do not lie on the Schmidt lines, but are 
scattered in the region between them. 

SCHMIDT OBJECTIVE. An objective for 
reflecting telescopes, designed to correct the 
aberration of the spherical mirror without in- 
troducing the coma (!)lurring) to which even 
a parabolic reflector is subject for wide fields. 
The results are obtained in somewhat the same 
way that spectaeles correct for (hdocts in 
vision. 

T1h‘ Schmidt o])jectivc as originally de- 
signed consists of a concave spherical mirror, 
functioning in the sanu' way as the objective 
of any reflecting tclo.scope, but witli a ])late 
of glass interposed in front of it ])erpcndicu- 
lar to its axis at its center of curvature. This 
glass plat(‘ is not plaru', but has one’ surface 
“figured” in sucli a way that, as the rays pass 
through it on their w\ay to the mirror, it so 
modifies their course as to effect almost per- 
fect correction for the splierical aberration 
and coma which the mirror would otherwise 
produce. Tn a later design, the objective con- 
sists of two coaxial cylinders of glass, in con- 
tact along a ]danc perpendicular to the axis. 
The rear surface of the rear piece is spheri- 
cally convex and is silvered on the outside, 
thus presenting a concave spherical mirror to 
the interior of the glass cylinder. The front 
surface of the front piece, passing through the 
center of curv^atiirc of the mirror, is the cor- 
rection surface, serving the same purpose as 
the glass plate in the older design. The rea- 
son for using two pieces is that the final real 
image is of course produced between the mir- 
ror and the correction surface; and it is here 
that the plane of separation is located, so that 
the small photographic film used may be in- 
troduced. 


SCHMIDT PROCESS. A method for con- 
verting a given set of vectors Ui, U2, * • *, 
into an orthonormal set Vi, V2, v„. If 

the length of Vi is U and = Vi/k is a unit 
vector, the calculation may be performed 
with the recursion formula 

n 

Vi+i = u,+i - ^ (e*u,^i)e* 

where e^ is the transpose of e^. The proce- 
dure may also bo used for functions. If, for 
example, the original functions arc 1, x, 

• • •, rlefined over the range a: = ±1, the or- 
thonormal set obtained from them by the 
Schmidt process is a set of Legendre poly- 
nomials. 

SCIIONFLIES CRYSTAL SYMBOLS. A no- 
tation for the description of the symmetry 
clas.ses of crystals. 

SCHOTTKY DEFECT. A lattice vacancy 
created by irmoving an ion from its site and 
placing it on the surface of the crystal. For 
electric neutrality, the numi)er of cation 
Seliottky dc'fects musi eciiial tin* nui^])(‘r of 
anion Schottky defects. The number, of 
Schottky defects is given by 

,,-WlkT 

N - n 

\vhere there are N lattice points, and IF is the 
energy rcfiuinMl to remove an ion from a lattice 
point, and then add it to the surface. is 
a numerical factor of the order of lO'^-lO^. 

SCHOTTKY EFFECT. The reduction of the 
work function of a thermionic emitter by the 
application of an accelerating field at the 
emitter’s surface, wdiich permits currents 
larger than that which wnmld be predicted 
by the Richardson-Diishman equation. The 
saturation current x)redicted by the Schottky 
effect is 

I thcW 

where Ith is the zero field thermionic current, 
T is cathode temperature in degrees Kelvin, 
c is the electronic charge, and E is the field 
intensity at the cathode in volts per meter. 
(See Schottky theory.) 

SCHOTTKY THEORY. A theory of the rec- 
tification properties of the contact between a 
metal and a semiconductor, which depends on 
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the formation of a barrier layer at the surface SCHRODINGER - GORDON EQUATION, 

of contact. (See Schottky eflFect.) See Klein-Gordon equation. 


SCHRODINGER EQUATION. The basic 
equation of wave mechanics. It is devoloped 
by using the de Broglie wavelength in tlic de- 
scription of a particle and then associating 
with the incasureinont of tlie energy E or of 

the a:-component of momentum of the par- 

ticle a differential operator 

d d 

E = ih — or Vx = —ifi - 
df d.r 

where fi is the Dirac h. The Hamiltonian 
function can be expressed either in ti'nns of 
total energy or in terms of potential energy 
and momentum. Exi)ressing it in both ways 
one obtains: 

^ + V{r)yp 7 // - - - Eyp, 

2m dl 

Axhere is the Laplacian, m flie mass of the 
particle, E^ it^ tolal ('iiergy, and l^(r) its po- 
teniial eiu’r^y (usually a function ol posi- 
tion). 'Phis is the time dependent Scliro- 
diiiger equation for i// 

In many iii^tanca's^ ^\e are interested in the 
allo\\(‘(i values of E in stationary states of th(‘ 
system, ITsijig the Planck law we may set 
E = hi' — 27rhv and write 

where </>(r) is a fiinetion of position only. We 
then obtain the time independent equation: 


SCHRODINGER REPRESENTATION. 

Representation of the equations of motion in 
quantum mechanics and quantized field the- 
ory (s<‘C field theory, quantized) where the 
axes of Hilbert space arc kej)t constant and 
the motion of the dynamical sysb'in is de- 
scribed by the way in which the vector rej)- 
resentmg the state varies wath time. This 
time Variation of the state vector is described 
by the wave equation determined by the 
Hamiltonian of llie systtMii. This method of 
develo]iing the conseipiences of cjiiantum me- 
chanics is called wave mechanics. (Sec 
Heisenberg representation; interaction repre- 
sentation.) 

SCHULZE-HARDY RULE. A generalization 
derived from (‘orlain work on colloidal sys- 
tems, to ilic effect that ions of sign opposite 
to that of a given colloidal jiariiclo are most 
effective in coagulating it, and that their co- 
agulating pow’cr increases with increasing 
ionic charge. There are however many ex- 
ceptions to the rule. 

SCHUMANN PLATES. The gelatin of con- 
ventional photogra])hic plat/C emulsion is not 
transparent to the further ultravioU't. For 
use with ultraviolet radiation shorier than 
about ‘J200 A, Sclnimann devoloped a method 
for holding the silver halide to the glass by 
the live of so little gelatin tliat the plates may 
he u^ed dow^n to 1200 A. 


2m 

^ +- 7 . 


0 = 0 . 


It is often found that solutions of the equa- 
tion exist only for specific eigenvalues of E. 
To each eigenvalue F„ tluTc corresponds an 
eigenfunction of the coordinates The 

jH'obability of finding the particle in a region 
of volume dV is 


j‘\<i>fdv = 

assuming that 0 has boon normalized so that 
the intcgial over all space is unity. (See also 

quantum mechanics, non-relativistic; quan- 
tum mechanics, relativistic; Schrodinger rep- 
resentation; simple harmonic oscillator; rota- 
tional constant.) 


SCIIUSTER-GANNON METHOD FOR ME- 
CHANICAL EQUIVAIENT OF HEAT. 

This method is simihir to that of Griffiths, 
(xcept that instead of the resistance, the cur- 
rent is measured 

SCHUSTER METHOD. A method of focus- 
ing a prism spectroscope (s(*e spectroscope, 
prism) wdthout use of a Gauss eyepiece (see 
eyepiece. Gauss) or a distant object. 

SCHWARTZ INEQUALITY. If A, B are two 
vectors in three-dimensional space and A, 
B are their scalar magnitudes, AR ^ A’B, the 
latter term being the scalar product. The 
relation also applies to ri -dimensional space 
or to continuous regions of space but in the 
latter case the vectors arc replaced by definite 
integrals. 
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SCHWARZSCHILD ANASTIGMAT. A 
Gregorian type of reflecting telescope with 
the surfaces so modified as to reduce astig- 
matism. 

SCHWARZSCHILD SOLUTION. A rigor- 
ous solution of the field equations of general 
relativity tlieoiy (see relativity theory, gen- 
eral) for a field generated by a iniint mass. 
From it may be derived numerical values for 
the rotation of the perihelion of Mercury and 
for the bending of light in jiassing near ‘a star. 

SCINTILLATION. A flash of light produced 
in a phosphor liy an ionizing event. 

SCINTILLATION COUNTER. Sec counter, 
scintillation. 

SCINTILLATIOxN SPECTROMETER. A 
scintillation counter adapted to the study of 
energy distributions. 

SCLEROMETER. An ajiparatus for deter- 
mining the hardness of a material by meas- 
uring the ])ressiire on a standard point that is 
reciuired to scratch the matiTial 

SCLEROSCOPE. An apjiaralus for deter- 
mining the hardn(‘s< of a material by meas- 
uring tlie rebound of a standard ball dropped 
on it from a fixed height. 

SCOPHONY TELEVISION SYSTEM. An 

early Brilisli mechanical lelcAusion system 
utilizing a Kerr cell a light sliutter, and a 
rotating- mirror system fur scanning. 

SCOPOMETER. An insirunu'iit for making 
turbidimetric or nephelometric measure- 
ments by the contrast between a field of con- 
stant brightness and an illuminated line 
placed behind tlu' solution under test. 

SCOPOMETRY. A system of turbidimetry 
or nephelometry haseil on the use of tlie sco- 
pometer. 

SCOTOPIC VISION. Vision tliat takes 
l)lace through the medium of the rods of the 
retina only, and therefore represimts a very 
low level of luminance. 

SCRAM, (1) Sudden shutting down of a 
nuclear reactor, usually by dropping of safety 
rods. This may be arranged to occur auto- 
matically at a j)redete’ rained neutron flux or 
under other '^angerous conditions, Die reaoli- 
ing of which causes the monitors and associ- 


ated equipment to generate a scram signal. 
(2) To shut down a reactor by causing a 
scram. 

SCRAMBLED SPEECH. See inverted 
speech; secrecy systems. 

SCRAMBLER CIRCUIT. See circuit, scram- 
bler. 

SCREEN GRID. A grid placed between a 
control grid and an anode, and usually main- 
tained at a fixed positive potential, for the 
l)urpose of reducing the electrostatic influence 
of the anode in the space between the screen 
grid and the cathode. 

SCREEN-GRID CHARACTERISTIC. See 
electrode characteristic. 

SCREEN-GRID CURRENT. See electrode 
current. 

SCREEN-GRID MODULATION. See mod- 
ulation, screen-grid. 

SCREEN PROCESSES. Processes of color 
])hotography in wliich color analysis and syn- 
thesis are carried out addilively by the use of 
a mosaic screen of ininnte i)rimary ecflor fil- 
ters. The scieen may he c()nq>osi‘d of color 
filters in the form of a n'gular geometric pai- 
tern, or it may be an irregular mosaic. In 
eillier case the s(T(‘eii is ])ctwecn the color- 
sensiti\e i)hotogra])liic emulsion and the cam- 
era lens (luring analysis so that the resulting 
effect in the emulsion is lliat of three color- 
sejiaration negatives side by side, comfiletely 
intermingled by means of tlie screen’s pattern. 

SCREENING CONSTANT. (DA (juantity 
occurring in the relationship lietween the fre- 
quency of a line in a particular x-ray series, 
and the atomic number of the element emit- 
ting the rays, of the fonii: 

V~v = a{Z - <t) 

in wdiich v is the frequency of the line, a is a 
constant, Z is the atomic number of the ele- 
ment, and a is the screening constant, that is 
the same for all the lines in a given series. 
(2) See screening of nucleus. 

SCREENING NUMBER. A synonym for 
screening constant. 

SCREENING OF NUCLEUS. The reduc- 
tion of the electric field about a nucleus by 
the space charge of the surrounding elec- 
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irons. The screening constant of an clement 
is the atomic number minus the apparent 
atomic number that is effective for a given 
process. 

SCREW AXIS. A type of symmetry clement 
possessed by certain space groups, in which 
the lattice is unaltered after a rotation about 
the axis, and a simultaneous translation along 
it. 

SCREW, CAPACITIVE. See post, capaci- 
tive. 

SCREW, INDUCTIVE. See post, inductive. 

SCREWS, TUNING. Sec tuning screws. 

SEA BREEZE. \\'hen coastal land is heatcMl 
considerably by the sun, a sea breeze s])rings 
up, blowing olf tlie cool water onto heated 
land. A ])ure sea breeze is usually not more 
than 1500 ft deep, above which tlu‘re is a 
weak rc'luriiing anti-sea bix'cze. 

SEA liEVEL. Th(‘ ]neaii I(‘vel of the oceans 

SEARCH COIL. A small <*oil used to meas- 
ure induction bv virtue' of llu' change of Ilux 
through the coil when it is movf‘d from one 
j')osi(ion to another or rotate'd, or wlaai the 
flux through it is eliang(‘<l hv sue h me'aiis as 
the mterru])(iou ot the current in the wind- 
ings of an elect romagru't. 

SECOND. (1) Unit of time, abbreviation 
S, s, or sea* One SOJOOth jiart of a nu'an 
solar elay. (2) The- international Astroiv mi- 
cal Union defines tlie second as the fracMon 
1 ''SI ,55(),92r) 975 of the length of the tie)|)ieal 
year for 1900. The' tropical year is the period 
e)f revoliitifin of the eaith relative to the Ver- 
nal Equinox or First lk)int of Arie's (3 1 T^nit 
of angle, abbre^ iai ion One sixtie'th ])art of 
a minute, or one SOOOtli ])art of a dc'gree. 

SECOND ANODE. The iirincipal fire-de- 
flection, accelerating anode in fin ek'otro- 
statically focused cathode-ray tube, the first 
anode being the focusing electrode or second 
grid. 

SECOND-CHANNEL ATTENUATION. Sec 
selectance. 

SECOND DETECTOR. The (h'tector in an 
H-m superheterodyne receiver which demod- 
ulates the intermediate frequency signal to 
recover the original modulating signal. 


SECOND QUANTIZATION. Process by 
w^hicl) a classical field (see C-number theory) 
is analyzed as an ensemble of particles. The 
field vfiriables (electromagnetic potentials, or 
wave functions) arc regarded as operators 
on wdiich are imposed commutation rules. 
These operators then describe the processes of 
emission or absorption of light quanta or par- 
ticles. 

SECOND RADIATION CONSTANT. Sec 
Planck distribution law. 

SECONDARY BOW. A faint rainbow wdiich 
sometmif'.s ajipoars outside the hrighU'r pri- 
mary l)ow% find ha'^ its colors reversed. The 
red** of tlie tw'O bow’s arc toward e;ich other. 

SECONDARY CELL. Sc'c cell, secondary. 

SECONDARY COSMIC RAYS. Radiation 
or iiarticdes produced in the earth’s atmos- 
j)h('r(‘ or elsewdiere as tlie result of the inter- 
actjoii of ])rimary cosmic rays wRli atmos- 
plieric niudei find electrons. 

SECONDARY EI^ECTROMAGNETIC CON- 
STANTS. In ti*ansmission line theory, the 
propagation constant and the charaeteristio 
im])e(lfince ( see impedance, characteristic) 
fire important secondary constants. In three 
dmiensioiuil theory, the imjiortant constants 
fire the intrinsic jiropagation constant o-, and 
tlie intrinsic impedance defined by 

V - ' - / icjfJL 

+ /cof), . ’ 

\ (7 + 7CjJ€ 

where /x find t an' the permeability and the 
p€'miiltivity, respectividy, g is the specific 
conductivity, and oj is the nidi an frequency 
of the wave. These charaeti'idsties of the 
medium do not d(‘]>(*ud on tlie gi’oiui'try of 
the w fn e 

SECONDARY EMISSION. This term refers 
to tlie result of fiuy of several different proc- 
esses, m eaidi of wdiiidi some kind of “primary” 
emi.'^sion, wlien it encounters some form of 
iiifitter, givo<^ ri'^c to another emission of the 
same or of different character. 

The most familiar exam])Ie of a seeondary 
emission is the x-rays, wdiich have their origin 
in the impacts of higli-speed electrons (cath- 
ode rays) u]ion atoms of matter. The result- 
ing x-rays may themselves act, in turn, as the 
primary emission and, falling upon solid bod- 
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ies, cause a secondary x-ray emission. Or 
they may fall upon a fluorescent substance 
(see luminescence) and give rise to a second- 
ary radiation of visible light. X-rays, ultra- 
violet, or light, falling upon a photosensitive 
metal, may cause a secondary emission of 
photoelcctrons. (Sc'C photoelectric phenom- 
ena.) The ^'reooir' electrons from the Comp- 
Ion scattering of x-rays constitute one form 
of secondary emission. (Sec Compton effect.) 
((T. secondary radiation.) 

The most common use of tlie tenn denotes 
the emission of electrons from n solid as the 
result of the collision of higher energy elec- 
trons witli the solid. 

SECONDARY FLOW. Se e flow, secondary. 

SECONDARY FOCUS. See astigmatic focus. 

SECONDARY FRONT. See front, second- 
ary. 

SECONDARY GRID EMISSION. See grid 
emission, secondary. 

SECONDARY OF TRANSFORMER. A 
transformer winding cormected to a load. An 
energized winding is called a '‘primary 

SECONDARY RADIATION. Particles or 
photons produced by th(' interaction with mat- 
ter of a radiation regarded as primary. lOx- 
ami)les are secondary cosmic rays, photoelec- 
trons, Compton recoil electrons, delta rays, 
the electrons lii)( ‘rated from a dynodc of a 
photomultiplier tube when struck by an elec- 
tron accclcrat(‘d from the jireceding dynode, 
recoil protons from ncutron-jiroton collisions, 
and bremsstrahlung radiation. (See radia- 
tor; transition effect.) 

SECONDARY WAVES. See Huygens prin- 
ciple. 

SECRECY SYSTEMS. In much of the two- 
way radio telefihone links it is higlily desir- 
able to make the transmission s(‘ciet. Since 
the radiated energy may be picked up by any 
receiver tuned to its frequency and in its path, 
the transmission must bo altered so it i^ un- 
intelligible to anyone not having the neces- 
sary equipment to restore it to its original 
form. Not only is the equipment ncee''sary, 
but these secrecy sy^^ ms can be decoded only 
by a receiving statior having the key to the 
original altei itions. There are several meth- 
ods of scrambling or altering speech transmis- 


sions so they will be unintelligible to the or- 
dinary receiver. One method is to produce 
the usual amplitude modulation on some fre- 
quency other tlian that of the final carrier. 
All but one sideband of this modulation is 
di'^carded and this sideband is then modu- 
lated upon the desired carrier in such a man- 
ner as to invert the frequencies, i.e., the low 
frequencies now ap})ear as liiglis and vice 
versa. Another method is to divide the audio 
band into narrow bands by using filters and 
then interchange them, or invert each band 
.se[)aratcly. Other modifications involve vary- 
ing time delays for the various })ands. 

SECTION MODULUS. An inspection of 
flexure will reveal that the stress in a mem- 
ber subjected to a transverse bending is di- 
rectly propoilional to the external bending 
moment, and invcrs(‘ly proportional to the 
ratio of 

moment of inertia of cross section 

distance of the farlliest stressed element from 
the neutral axis. 

It is apparent that this ratio is entirely a 
properly of the •^liape and size of tlu' cross- 
section of the struct ural member. This ratio 
is knowm as the section modulus, and is an 
important property of rolled steel -sections and 
other shapes which are used as structural 
members. When the bending moment to be 
withstood by a beam or column is divided by 
this section modulus, tlie (juotiont is the maxi- 
mum bending stress wdiicli will exist in that 
member. 

SECTOR SCANNING. See scanning, sector. 

SECTOR DISK. A device wddely usc'd in 
l)hysical apparatus to secure an accurately 
kiiowm control of the intensity of a beam of 
light or other emission. The simplest form 
is a circular, opaque disk wdth a sector or sec- 
tors, of any desired angle, cut from it. If the 
disk is interposed in the path of light rays, 
and rotated rapidly about its center, the ro- 
‘^Jiilting intensity, as judged visually, is re- 
duced to a fraction equal to the ratio of the 
ar(‘a of the open sectors to that of the whole 
di->k. This arrangement is useful, for exam- 
ple, in a photometer where it is desired to cut 
dowm the intensity of one beam to match that 
of another. By giving the sides of the open- 
ings suitable curved shapes instead of cut- 
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ting them along radii, the intensity may be 
varied from center to circumference in ac- 
cordance with any desired law. This affords, 
for example, a non-selectivc “wcdge’^ for cer- 
tain photometric purposes. When a sector 
disk is used in connection witli photographic 
work, regard must be had for the so-called 
“intermittency (‘ffect,” which renders the ra- 
tio not strictly accurate. 

Sector disks are also used to give a periodic- 
ity to a radiation beam which falls on a de- 
tector (thermocouple, photocondiictivc de- 
tector, etc.) so as to give an alternating cur- 
rent output which can lie amplified by a-c 
methods and also be independent of any un- 
modulated stray radiation which may reach 
the detector. 

SECTOR, WARM. Tliat sector of a wave 
cyclone occupic'd by the warmer air mass. A 
warm sector is always smalhT than the cold 
sector which is occupied by tlie colder air 
mass. 

SECTORAT. HORN. See horn, sectoral. 

SECULAR DETERMINANT. An (((nation 
of tlie form 

!j(\) = - 1>,M = 0 , 

\\lii(‘h beconu^s a polynomial in A when the 
determinant i^ expanded. The roots of the 
jiolynomial are usually eigenvalues of some 
classical or quantum mcclianica] problem, 

SEDIMENTATION. The ()rocess of settling, 
commonly of solid pa^ticl(^s from a liquid. 

SEDIMENTATION CONSTANT. A quan- 
tity obtained in investigating the liehavior of 
colloidal particles under the action of forces, 
chiefly centrifugal forces. Tins quantity for 
a given particle and medium is defined by the 
expression : 

9rj ' 

in which S is the sedimentation constant, r 
is the radius of the particle, p and p' are the 
reciprocals of tlie partial specific volumes of 
particle and medium, respectively, and yj is 
the viscosity of the medium. 

SEEBECK EFFECT. (1) The electromo- 
tive force given by two contacting metals 
which make a closed electrical circuit having 
two junctions at different temiieratures The 


magnitude of the electromotive force depends 
upon the metals, and upon the temperature- 
difference between the two contacts. (See 
also Peltier effect; and thermoelectric phe- 
nomena.) (2) Seebeck obs(Tvcd that if a 
pliotographic emulsion is exposed to the point 
at which a visible image appears faintly, and 
is (lien (‘xposed to colored light, the emulsion 
assumes the color of the light to which it is 
exposed. The colors, however, arc weak and 
mixed with gray. ]\Iany att('mpts have been 
made to perfect processes of color photog- 
raphy of this character, but without success. 

SEGER CONES- Small cones used for in- 
dicating furnace temjioratures, especially in 
the ceramic industrii's. They arc prepared of 
mixtures of clay, salt, and other materials in 
various proportions, such that the softening 
f)oiiiis uf the cones vary progressively in the 
seri(\s, so (hat they can be used to indicate 
temperatures through a eonsiderable range. 

SEISMIC DETECTORS. Any mierophone 
coim(^cted to recording oscillographs and lo- 
cat(‘il in a strategic ])()sition on the earth^s 
surfac<‘ to cl elect acoustic waves transmitted 
through the (‘arth. Tnt(Tost is usually con- 
tin(‘d to fr('(|U(‘nci(‘s bc)(3W 100 cycles/sec. 

SEISMOGRAPH. An instiimient for record- 
ing (‘ai'tli tremors; usually housed for the pur- 
pose in a suitable seismological observuitory. 
Th(‘re are two classes of seismograph, one for 
recording horizontal and the other for record- 
ing veriical components of vibration. A well- 
oquippc'd observatory has throe, a north-south 
horizontal, an east-west horizontal, and a ver- 
tical recorder The instruments arc somewhat 
complicated, hut the principle is that of a 
hea\y mass poised in such a way that a vi- 
h 'ation of its supiiori, together with the in- 
(Ttia of tlu' mass, eauses a relative motion of 
mass and support; and this motion, suitably 
junplifiod, produces the record. In the older 
forms the recording was done mechanically 
by a stylus tracing on a revolving drum; in 
more modem types an electromagnetic cur- 
nmt, generated by the motion, operates a gal- 
vanometer which, by means of a beam of light 
reflected from its mirror, produces a photo- 
graphic record of the earth vibration on a 
moving film. 

SELECTANCE. The reciprocal of the ratio 
of the sensitivity of a receiver tuned to a 
specified channel to its sensitivity at another 
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channel separated by a specified number of 
channels from the one tr) wliich the receiver 
is tuned. Unless otherwise specified, selec- 
tance should be expressed as voltaj^e or field- 
strength ratio. Select ance is oft(‘n expressed 
as ^'adjacent-channel attenuation’^ (ACA) or 
"second-channel attenuation” (2ACA). 

SELECTION RULES IN ATOMIC SPEC- 

TRA. It was found early in the study of 
atomic spectra that radiative transitions be- 
tween certain jiairs of stationary statts sel- 
dom or never occur. A set of rules wliich are 
expressed in terms of the difTerenees of the 
quantum numbers of the tA\o states involved 
allow a im‘diclion of allowed tnmsitions and 
forbidden transitions. The conditions for al- 
lowed transitions are: 

AL (orbital angular momentum) — zti'l 

At/ (total angular momentum) — 0 or dbl, 

Ailf (magnetic orientation) = 0 or 1 

The selection rules are not rigorously obeyed. 
In atoms which do not exhibit Kussell-Saun- 
ders coupling, the (luantum numbers L and S 
are not defined. Even in atoms which do 
have this tyjic of coupling, forbidden transi- 
tions are merely of lower probability than 
allowed ones and may occur from a state 
from which no transitions are allowed by the 
rules if conditions are such that collisions of 
the second kind do not remove the atom from 
the initial state before it radiates (e.g., at 
extremely low pressures). 

SELECTION RULES, NUCLEAR. A set of 

statements that serve to classify transitions 
of a given typo (emis'^ion or ahsor|)ti()n of ra- 
diation, /^-dccay, and so forth) in tenns of 
the spin and parity (I and tt) quantum 
numbers of the initial and final states of the 
systems involved in the transitions, in such 
a way that transitions of a given order of in- 
herent probability (after nuiLing allowance 
for the influence of varying energy, charge 
and size of system, and so forth) are grouped 
together. The group having highest jiroba- 
bility of taking j^lacc })cr unit time i^ said to 
consist of allowed transitions; all others are 
called forbidden transitions. Table 1 lists 
the selection rules ^or radiative transitions: 
each entry gives tlio character (B ~ electric, 
M = magnet w) and the multipole order (1 
for dipole, 2 ^or quadrupolc, 3 for octopole, 


. . . ) of the predominant radiation mecha- 
nism for the indicated spin change A/ and 
})arity change Att; the entry “none” means 
that radiative transitions are strictly forbid- 
den. 

Tablk 1 
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/ = 0 

0 
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2 

3 

4 
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No 

No Ilf* 
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Ml 

E2 

/1/3 

F4 

A/5 

Yes 

None 


FI 

M2 

7i’3 

A/4 

F5 


Table 2 lists the selection rules for /?-de- 
cay: the entry A means that for the indi- 
cated spin and parity change the transition 
is allowed; I, means that it is first forbidden; 
II, second forbidden . . . 


Taiu.e 2 



Fermi selection rules and Gamow-Teller 
((tT) selection rules are alternative sets of 
rules for allowed )^?-transitioiis; both are cur- 
rently believed to be valid, so that a transi- 
tion allowed according to either set is actu- 
ally allow^ed. 

SELECTIVE FADING. See fading, selec- 
tive. 

SELECTIVE RADIATOR. An emitter of 
radiation yielding radiation of different spec- 
tral energy distribulion from that of a black 
body at the same temperature. 

SELECTIVITY (OF A RECEIVER). That 
characteristic which detennines the extent to 
which the receiver is capable of differentiat- 
ing between the desired signal and disturb- 
ances of other frequencies. 
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SELECTOR. A circuit selecting only that 
portion of a waveform having certain char- 
acteristics of amplitude, frequency, phase, or 
time of occurrence. 

SELECTOR PULSE. A pulse used to actu- 
ate a time selector. 

SELECTRON. I’rade name for a grain- 
oriented, silicon-iron magnetic alloy. 

SELENIUM. Noninetallic clement. Symbol 
Se. Atomic numbtT 34. 

SELENIUM CELL. In general, an arrange- 
ment in which is mounted a thin film of sele- 
nium, with electric t('rminals, for utilizing the 
photoconductive pro])t*rly of selenium Sp(‘- 
cifically, (1) a pholovoltaic cell utilizing sele- 
nium as one of the barrier materials, (2) a 
rectifier element utilizing a barrier layer 
formed between si')ecially trcati'd crv^tallr/ed 
selenium and an alloy of cadmium. The sele- 
nium is placc'd on a sheet of steel or alumimun 
which serves as a mounting and heat transfer 
medium. 

SELF-ABSORPTION (SELF-REVERSAL). 

TUv reduction in radiant power at the center 
of ('mission lm(*s, n suiting from sele('live ab- 
sorption of radiation emitted l)y the hot cen- 
trnl core into the cooler outer vapor of the 
source envelope. 

SELF-BIAS. See cathode bias. 

SELF-CHARGE. Exti-a contribution to the 
electric charge of a charged particle dm to 
vacuum polarization arising from the Aleld 
produced by the original charge. The self- 
charge find the ^^original” charge cannot be 
distinguislied cxpcriiiienlally, and the process 
of identifying their sum w'ith the ob-erved 
charge is called charge reiiormalizaticm This 
program, togetlier with tliat of renormaliza- 
tion of mass enables onc’ to aA'oid manv of the 
difficulties arising from divergent integrals 
wdiich appear in computations of processes 
according to quantized field theory. (See 
field theory, quantized.) 

SELF-CONSISTENT FIELD METHOD 
(ALSO CALLED HARTREE METHOD). 

A method of treating the problem of the 
many -electron atom in which the eigenfunc- 
tion for the system is represented as the prod- 
uct of Z single-electron functions wffiich must 
satisfy the following condition: The effective 


field which is in accord with the assumed 
charge density distribution function for any 
one electron (that is, represents a solution of 
the corresponding Schrodinger equation for 
a giieii form of the potential energy func- 
tion) must })e consistent wdth the field deduced 
from the charge* density distribution due to 
all the other electrons. 

SELF-ENERGY OF A PARTICLE. Classi- 
cally, the ('Tiergy of interaction between dif- 
ferent ♦i>a ids of the j'aidicle (considered, for 
(‘xample, as a hall of charge). In quantized 
field theory (see field theory, quantized) the 
contribution to the Hamiltonian arising from 
the virtual emission and absorption of other 
partich's. esjiecially photons or mesons. 

SELF-INDUCTANCE. The ratio of the mag- 
netic flax linking a circuit to the fliix-produe- 
ing current in that circuit. (vSoe energy of a 
system of current circuits.) 

SELF-PULSE MODULATION. Pee modula- 
tion, self-pulse, 

SELF-QUENCHED COUNTER TUBE. See 
counter tube, self-qucnched. 

SELF-QUENCHING DETECTOR. Pee de- 
tector, self-quenching. 

SELF-SATURATING CIRCUIT. A magnetic 
amplifier circuit of the type w’hich employs 
self-saturation. 

SELF-SATURATION. P(‘lf-saturation in a 
magnetic amplifier refers to the conru'ction of 
half-w^avc rectifying circuit elements in series 
with the output windings of tin* saturable re- 
a ctors. 

SELF-SHIELDING. (1) The self-absorp- 
tion of radiation by the source of radiation. 
(2) in nuclear reactor terminology, the 
shielding of one ])art of a region from par- 
ticles or radiation arising in another paid. 

SELLMEIER EQUATION. An equation ex- 
lUTssing the relationship betw’een the refrac- 
tive index of a medium and the wavelength 
of the light; this variation (ff refractive index 
wdth wavelength is knowm as refractive dis- 
persion. The equation is of the form 
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in wliich n is the index of refraction, and A 
is (he wavclengtti. This equation is the same 

as the Cauchy formula. 

SELSYN. AC5 enoral Electric Company trade 
name for the universal term synchro. 

SEMICONDUCTOR. An electronic con- 
ductor who&e resistivity at room temperature 
is in the range 10“- to 10^ olim-cm (which is 
hetween metals and insulators), in which the 
electrical charge carrier concentration in- 
creases with increasing tempiTaturc o\er soiiie 
tenijieratiire range. Certain scmiconduciors 
possess two types of carriej*s, namely nega- 
tive elect I’ons and positive holes. The essen- 
tial difference bed ween a semiconductor and 
a metal is that, according to the band theory 
of solids, the number of free electrons in the 
former is very small, the energy hands being 
either entirely full or entirely empty, except 
for a few electrons and holes cn'ated by ther- 
mal excitation (intrinsic semiconductor) or 
by the prcscn(*e of impurities Im])ortant 
semiconducting materials include Si, Cc, Se, 
PbTc, PbS, Si(\ etc , and tludr uses arc 
manifold in such <levices as rectifiers, mod- 
ulators, detectors, thermistors, photocells and 
transistors. 

SEMICONDUCTOR, COMPENSATED. A 
semiconductor in which om* lyin' of impurity 
or imperfection (eg,, donor) ])arlially can- 
cels tlie electrical elTects of the other ty})e of 
iin])urity or imperfection (eg, acceptor), 

SEMICONDUCTOR, DEGENERATE. A 
semiconductor in ^^hicll the number of elec- 
trons in the conduction band i^^ so high that 
they must be d<*^cribed by Fermi-Dirac statis- 
tics, as in a metal. 

SEMICONDUCTOR DEVICE. An electron 
device in which the characteristic distinguish- 
ing electronic conduction takes place within 

a semiconductor. 

SEMICONDUCTOR DEVICE, MULTIPLE 
UNIT. A semiconductor device having two 
or more sets of electrodes associated with in- 
dependent carrier streams. It is implied that 
the device has two or more output functions 
which are independently derived from sepa- 
rate inputs, e.g., a duo-triode transistor. 

SEMICONDUCTOR DEVICE, SINGLE 
UNIT. A semiconductor device having one 
set of elect roues associated with a single car- 


rier stream. It is implied that the device has 
a single output function related to a single 
input. 

SEMICONDUCTOR, EXTRINSIC. A semi- 
conductor with elortrieal propeities depend- 
ent upon impurities. 

SEMICONDUCTOR, IMPURITY. A semi- 
conductor whose jiroperties arc due to the 
pre.Ncncc of foreign atoms, giving rise to im- 
purity levels. Such materials are very use- 
ful, since their electrical properties can be 
profoundly altered by changing the concen- 
tralion and type of impurity. (See also band 
theory of solids.) 

SEMICONDUCTOR, INTRINSIC. A mate- 
rial winch IS naturally semicoridueting, in the 
form of its pure, ideal crystal evim when en- 
tirely free of impuriti(‘s. All semiconductors 
have this projierty, but it may be very small 
compared with the impurity seinieondurtor, 
and only to be ob^er\ed at hvjh temperatures 
It IS to ])e described, according to the hand 
theory of solids, bv the tluaanal e\cit:ition of 
electrons from the filled ])and the wh()J(' width 
of the energy gap to the condiiclion band. 

SEMICONDUCTOR, N-TYPE. An e.xtrinsic 
semieondjLictor (s('e semiconductor, extrinsic) 
in which the eonduelion electron (sec^ electron, 
conduction) density exceeds the hole density. 
It is implied that the net ionix:ed impurity 
concentration is donor type. (See also band 
theory of solids.) 

SEMICONDUCTOR, P-TYPE. An extrinsic 
semiconductor (see semiconductor, extrinsic) 
in which the hole density exceeds the conduc- 
tion electron density (see electron, conduc- 
tion). It is implied that the net ionized im- 
purity concentration is acceptor type. (See 
also band theory of solids.) 

SEMI-EMPIRICAL MASS FORMULA. See 
mass formula, scmi-empirical. 

SEMIPERMEABLE MEMBRANE (SEMI- 
PERMEABLE DIAPHRAGM). A membrane 
or septum through which a solvent but not 
certain dissolved or colloidal substances may 
pass, used in osmotic pressure determinations. 
Many natural membranes are semipermeable, 
e.g., cell walls; other membranes may be made 
artificially, e.g., by precipitating copper ferro- 
cyanidc in the interstices of a porous cup, the 
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cup serving as a frame to give the membrane 
stability. 

SEMIREMOTE CONTROL. A system or 
method of radio-transmitter control whereby 
the control functions are performed near the 
transmitter by means of devices connected to, 
but not an integral part of the transmitter. 

SEMITONE (HALF-STEP). The interval 
between two sounds whose basic frc(iuency 
ratio is approximately equal to tlie twelfth 
root of two. The interval, in equally tem- 
pered semitones, between any two frequencies, 
is 12 times the logarithm to the base 2 (or 
39.80 times the logarithm t,o tlie base 10) of 
the freciuency ratio. (See scale, equally-tem- 
pered; scale, just.) 

SEMI-TRANSPARENT PHOTOCATHODE. 

A pliotocatliode in which radiant flux incident 
on one side produces photoelectric cmi^siou 
from the op])osite side. 

SENDING-END IMPEDANCE. The iiquit 
i]ij]icdance (sec impedance, input) of a trans- 
mission line. 

SENSAITON LEVEL. level above 

threshold. 

SENSATION UNIT. (S('e alv) level above 
threshold.) A unit of loudness. Otie sensa- 
tion unit is equal to 20 logic IK ^^llere /> is flio 
(‘\cess ]>r('ssure. 

SENSITIVE TIME. The duration of super- 
saturation adequate for track formation fol- 
lowing expansion of a cloud chamber. 

SENSITIVE VOLUME. That portion of a 
counter tube or ionization chamber which re- 
sponds to a specific radiation. 

SENSITIVITY. In general, susceptibility to 
external action, as mcfisiired by sjieed of "v- 
sponse or degree of rcsjionsivencss, as exempli- 
fied by sensitivity to light or other radiation, 
or sensitivity to elcclric current. Specific 
usages are: (1) The ratio of output response 
to a specified change in the measured variable. 
(2) The least signal input capable of causing 
an output signal liaving desired character- 
istics; thus the sensitivity of a camera 'tube 
is the signal current developed per unit inci- 
dent radiation density (i.e., per watt per unit 
area). Unless otherwise specified the radia- 
tion is understood to be that of an unfiltcred 
incandescent source of 2870° K, and its den- 


sity, which is generally measured in watts per 
unit area, may then be expressed in foot- 
candlcs. (3) The sensitivity of a receiver is 
the signal input necessary for the receiver to 
produce a standard output. The amount of 
the output, the audio-frec^uency used to mod- 
ulate the input and the degree of modulation 
should be specified. (4) The current sensi- 
tivity of a galvanometer is the ratio of deflec- 
tion to galvanometer current. (5) The sensi- 
iiviiy (or sonsifivene-^s) of a balance is the 
sraalkx-it mass to wliich it can respond, (fi) 
The sen‘<itivity (or sensitiveness) of an ana- 
lytical mol hod is the minimum quantity of a 
substance wliich can be detected. (7) The 
sensitivity of a voltmeter is the ratio of its 
resistance to its full-scale reading, i.e., tlie 
inverse* of the moment necessary to produce 
full scale deflection. 

SENSITIVITY, CONTRAST. See contrast 
sensitivity. 

SENSITIVITY, DYNAMIC. For phototubes, 

Ihe ratio of alternating anode current to tlic 
alternating componimt of total incident flux. 

SENSITIVITY, MAXIMUM, IN FM SYS- 
TEMS. Tli(‘ lea'll signal iujnit that produces 
a specified output ])o\\er. 

SENSITIVITY, MAXIMUM - DEVIATION, 
IN FM RECEIVERS. Under maximum sys- 
tem deviation, the least signal input for which 
the outiiiit distortion does not exceed a speci- 
fied limit. 

SENSITIVITY, QUIETING, IN FM RE- 
CEIVERS. The least signal input for which 
the output sigual-to-noi.se ratio does not ex- 
ceed a specified limit. 

SENSITIVITY, THRESHOLD. The lowest 
level of the measured variable which produces 
cfTcidive response of the instniment or auto- 
matic controller. 

SENSITOMETRY. Sensitometry is con- 
cerned primarily wdtli the measurement of 
photograjiliic sensitivity; however, in the 
broader sense it is concerned with the meas- 
urement of the response of photographic ma- 
terials upon exposure to light or other forms 
of radiant energy, under specified conditions 
of exposure and development. 

SEPARATION CIRCUIT. See circuit, sep- 
aration. 
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SEPARATION ENERGY. A synonym for 
binding energy of a proton, neutron, or a-par- 
ticlc within a nucleus. 

SEPARATION FACTOR. The ratio of the 
abundance ratio of two isotopes after process- 
ing to their abundance ratio before a process 
or operation. It is given by the following 
equation; 

r = 

ni/rio 

where rii and n2 are the initial mole fractions 
of isotopes of mass numbers mx and wo respec- 
tively, and n\ and lu' are Ihe corresponding 
quantities after processing. 

SEPARATION OF FLOW. See flow, separa- 
tion of. 

SEPARATION OF ISOTOPES, BARRIER 
DIFFUSION METHOD. A met hod of sej)a- 
ration in whicdi a gas that is an isotopic; mix- 
ture is allowed to diffuse tlirough a porous 
wall or barrier. Separation of the various 
isotopes is based on the principle that the 
lighter molecules, il/i, diffuse through the i)or- 
ou^ wall more readily than the heavier mole- 
cules, il/o. 

SEPARATION OF ISOTOPES, CENTRIF- 
UGAL METHOD. A inelliod of separating 
Isotopes which is ])ased on the fact that if a 
gas or vapor flow's into a rapidly-rotating cyl- 
inder, tlie force acting on the molecules will 
result in an increased eoncentration of the 
heavier isoloi)e at the walls, wdiilc the lighter 
isotope tends to collect nearer the axis of 
rotation. 

SEPARATION OF ISOTOPES, CHEMICAL 
EXCHANGE. A method of separating iso- 
topes which makes use of the fact that the 
chemical pro])crties of the diffenait isotopes 
of an element are often slightly different. 
Thus, in a system consisting of NIT^ gas in 
equilibrium wdth a solution of ammonium 
nitrate, containing NH4+ ions, tends to 
concentrate in the ammonium nitrate solution, 
wdiile the NHs gas contains relatively more 

SEPARATION OF ISOTOPES, DISTILLA- 
TION METHOD. The separation of isotopic 
species by fractional distillation is possible 
when their vanor pressures or boiling points 
are suflBciently -liffcrent. For example, heavy 


water (D2O) boils at a temperature about 
1 . 4 °C higher than ordinary water (H2O) ; this 
makes the separation of from by frac- 
tional distillation possible. 

SEPARATION OF ISOTOPES, ELEC- 
TROLYSIS METHOD. The separation o{ 
isotopes by electrolytic decomposition of a 
solution, as in the electrolysis of w^atcr for the 
concentration of deuterium. The method de- 
pends on the differing rates of discharge of 
isotopic ions, and lienee is a function of the 
chemical propertic's of the different isotopes. 

SEPARATION OF ISOTOPES, ELECTRO- 
MAGNETIC METHOD. Any method of 
sej)arating isotopes which uses electric and 
magnetic fields to ac(‘elerate and focus ions 
according to (heir masses, in the manner of 
a mass spectrograph. 

SEPARATION OF ISOTOPES, GASEOUS 
DIFFUSION METHOD. A method of sejv 
arating isotopes w'liich makes us(' of the dif- 
f(‘rcnt rates of diffusion of gases through an- 
other gas, tlie theoretical rate being a func- 
tion of the mol('cular mas^ 

SEPARATION OF ISOTOPES, ION MO- 
BILITY METHOD. A |U‘o(*ess of sc'jiaration 
based on tlie difference* in mobility of diflVr- 
ent ions in an electrolytic solution under tlie 
influence of an electric field. 

SEPARATION OF ISOTOPES, THERMAL 
DIFFUSION METHOD. A method of sep- 
arating isotopes wliich makes use of tlie fact 
that if a gaseous mixture of isotope's is placed 
in a temperature gradient, the lighter mole- 
cules tend to eoneentrate in the regions of 
higher temperature. 

SEPARATION OF VARIABLES. A method 
of finding a particular solution to a linear 
partial differential equation. Assume a solu- 
tion which is the product of functions each 
depending on a single one of the independent 
variables. Substitution of this product into 
the original differential equation often results 
in an equation in which some terms are func- 
tions of only one variable, while other terms 
do not involve this variable. Each term in- 
volving a single variable may then be set 
eciual to a constant. The original equation 
has then been separated into several ordinary 
differential equations which may then be 
solved by the usual methods. The constants 
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of integration furnish enough parameters to 
satisfy any imposed boundary conditions. 

The procedure is particularly useful for the 
equations which occur in physical problems. 
For example, for Laplace’s equation in Car- 
tesian coordinates 


^ d^<l> d^<t> 

assume 4>{x,y,z) = X{x)Y {y)Ziz) and the par- 
ticular solution becomes 

= exp Qxx + ly + mz), 

where = 0. 


SEQUENCE. A set of quantities so, • • •, 
s„, called elements, which can be ar- 

ranged in an order so that when n is given 
tl\e Adh member of the sequence is com- 
pletely s])ecified. The chunents are u^^ually 
arranged by matching tliem up, one by one, 
with the positive int(‘gers 1, 2, 8, • • •, r?, * * * 
A common symbol for a sequence is (.%}. It 
could be bounded or unbounded; convergent 
or divergent The common types of secpiencos 
aie infinite scries; infinite products; infinite 
continued fractions. 


SEQUENCE, BOUNDED. Let N bo an 
arbitrary po‘^itiv^' number If it can be clioson 
so that iV l.s,,' for all absolute values of (he 
members of a sequence, then the sequence is 
bounded. If lh(‘re is at least oil" 
it is unbounded. 

SEQUENCE, CONVERGENT. A sequence 
which approach(‘s a limit 

SEQUENCE, DIVERGENT. Any sequence 

which is not coinei’miit. 

SEQUENTIAI. CONTROL. The manner of 
operation in which instructions to a digital 
computer arc set uji in seciuence and ai.^ fed 
consecutively to the comjniter during the solu- 
tion of a problem. 

SEQUENTIAL CONTROL, DYNAMIC. A 

method of operation in which a digital com- 
puter, as the computation proceeds, can alter 
instructions, or the sequence in which instruc- 
tions are executed, or both. 

SERIAL TRANSMISSION. See transmis- 
sion, serial. 

SERIES. An expression of the fonn Oi + 

- 1 - -p p . which may have a fi- 


nite or an infinite number of terms. Its par- 
tial sums constitute the sequence {«„}, where 

*1 = rti I ifo = aj + Qn] * • * j 


n 

«« = 23 «*■ 

SERIES, ALTERNATING. A series witli 

alternate positive and negative terms, such as 

— cti H” 0*2 — 0-3 zt • • • . 

SERIES, ARITHMETIC. The sum of an 
arithmetic progression. If there are n terms 
in the seru's, its sum *S„ = H/?(a + 1) — 

|2a + {n — ])d\ vrhere a is the first term, d 
is the difference Ix'tween terms, I is the last 
term. 


SERIES, ASYMPTOTIC. A divergent series 
of the form 


A 


Aq + - 


X 




+ ‘--. 


It is an asymptotic representation of a function 
fix) if 


lim /"(/(.r) - Snix)] = 0 


for any value of n, where Sn(x) is the sum (ff 
the first (n -[-1) terms of the series. 


SERIES, BINOMIAL. The infinite series 
reiiresenlation of (j™ + ?/)" where n is not zero 
or a positive integer. It is usually given in 
the form 


(1 +.-)" = 1 + E 


n{n — ])■■■()} — j + ]) 


wliicli is easily obtained from the first form 
if 2 — y/x. The series converges if 1^1 < ^ 
and diverges if \z\ > 1. 

SERIES, COMPARISON. The convergence 

of an infinite series may be established if, 
from a certain point onward, it may be shown 
that each term is less than or equal to the cor- 
responding term of another series already 
known to be convergent. Siinilarly, if each 
terra of a certain series is equal to or greater 
than the corresponding tenn of a series known 
to be divergent the unknown scries is diver- 
gent. The comparison series is the known 
series used for test purposes. 

SERIES CONNECTION. Network elements 

are said to be series-connected if they carry 
a common current. 
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SERIES ELEMENTS. (1) Two-terminal ele- 
ments are connected in scries when they form 
a path between two nodes of a network such 
that only elements of this path, and no other 
cleiTicnts, terminate at intennediate nodes 
along the path. (2) Two-terminal elements 
are connected in series wlien any mesh in- 
cluding one must include the others. 

SERIES-FED VERTICAI. ANTENNA. See 
antenna, series-fed vertical. 

• 

SERIES, GEOMETRIC. A series whose 
terms fonn a geometric progression. Tf writ- 
ten as a(l 4- r + r- -f + • ' * ) its sum to n 
terms is 

a(i - r^) 

(1 - »•) ‘ 

When r < 1, the infinite series converges and 
its sum is a/(l — r). The series diverges for 
other values of r. 

SERIES, HARMONIC. A sum of terms 
which form a harmonic progression. There 
is no general method of finding tlie suiri. It 
is usually done by taking the reciprocal series 
and solving the resulting arithmetic series. 
(Sec series, arithmetic.) If the scries is 

qo 

l/nr. 

n _1 

with r real, it converges for r > 1, but di- 
verges for r^l. 

SERIES IN LINE SPECTRA. The spectra of 
many atoms having one, two, or three electrons 
in the outer shell (except H, He ^ , Li • • •) 
consist of a number of overlapping series each 
of which is Balmer-like with a characteristic 
formula of the type 

^ Ji R 

{a + Cl) {n + C2) 

where a, Ci and Co are constants characteristic 
of the atom and the series, R is the Rydberg 
constant for the atom and n is a series of 
integers, n'> a. The series in which the total 
azimuthal quantum number changes from 0 
to 1 (S P) is called the ''Sharp’' scries; from 
1 to 0 (P-» S) is called the "Principal” series; 
from 2 to 1 (D— ^Py i.^ called the "Diffuse” 
series; from to 2 >D) is called the 

"Fundament a r* series. Note that it is from 


the names of these series that the notation 
L = 0, S; L = 1, P; L = 2, D; L = 3, F arose. 

SERIES INTEGRATION. The integrand of 

a definite or indefinite integral is expanded 
as an infinite series and the integration per- 
formed term by term. More commonly ap- 
plied to the case of a differential equation 
where the solution is assumed to be 

00 

ri-=0 

Tliis series is then substituted in the differen- 
lial equation and the coefficients An are deter- 
mined so that the cqiU'^tion is satisfied. (See 
also indicial equation; recursion formula.) 

SERIES, OSCILLATING. A series which is 
not convergent but which is bounded. A sim- 
])lc example is — l — 1 + 1 — 1+*“ + 
( — 1)" \ for its sum is either zero or unity 
when n is taken as even or odd. 

SERIES, POWER. An expression of the form 
whore* t is a variable and the numbers 
Ua are coefiieucnts. There may bo a finite or 
infinile number of terms in ilie sum. • 

SERIES RESONANCE. Resonance exists in 
a series circuit when tlio frequency of the 
impressed current or voltage is such that the 
impedance is real, i.c., purely resistive; the 
iiuluetivc and capacitati\e components of 
reactance cancelling one another. 

SERIES, REVERSION OF. A given power 
series 

J/ = Ho + rtlX + 02 ^"^ H 

may be reverted to give an explicit representa- 
tion of X as a function of y. The result is 

X = 2 + CiZ^ + (*22^ H 

where z = (y — ao)/ai; ci = —a 2 /ai] ('2 = 
— a^/di + 2 (a 2 /ai)^;c 3 = —04/^1 + ^(^20^/ di" 
~ 5(a2/ai)‘^; • • •. 

Also called inversion of the series. 

SERIES-TEE JUNCTION. See junction, 
series-tee. 

SERIES TWO -TERMINAL PAIR NET- 
WORKS. Two-terminal pair networks are 
connected in series at the input or at the out- 
put terminals when their respective input or 
output terminals are in scries. 
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SERRATED PULSE. See pulse, serrated. 

SERVICE AREA. The service resulting from 
an assigned eflFective radiated power and an- 
tenna height above the average terrain. 

SERVICE BAND. A band of frequencies 
allocated to a given class of radio sei*vico. 

SERVO. A combination of devices for con- 
trolling a source of power in which the output 
(or some function thereof) is fed back and 
compared to some reference at the input, the 
difference of this comparison being used to 
effect th(i desired control. 

SERVOMECHANISM. A servo used to con- 
trol a mechanical function. 

SESSILE DROP METHOD. See surface 
tension, methods of measurement. 

SET. A eolleelion of numbers or symbols 
eonsidi'red as a whole. For example', the set 
of all j)rime numbers or the sot of all matrices 
with detei'iniiiant ecpial to unity. Cruometric- 
ally, the symbolh m a set detcjrmiue a domain. 

SET, PERMANENT. When a solid has l)een 
straiii('<l beyond tlu' elastic limit and the de- 
forming stres> i'-; completely removed, in gen- 
eral Tlie strain does nol decrease ullimately to 
zero but to ^ojiie non- vanishing value, known 
as a permanent s(t. 

SET POINT. The position to whifh eontrol- 
})()int -set ling iiu'chamsm is set in an automatic 
controller, translated into units of the con- 
trolled variable. 

SETTLING. The separation of suspended 
solid particles from a licpiid by the action of 
gravity or other force. 

SETTLING, HINDERED. Any method for 
tlie application of forcM's to ])arlicles under- 
going settling, which yields better or i^ire 
rapid classification by size than can be ol)- 
tained by free settling. For examine, such 
forces may be a])plied by flow of fluid‘<, by 
vibration, etc. 

SETUP. In television, the ratio bet\\eon ref- 
erence black level and reference white level, 
both measured from blanking level. It is 
usually expressed in per cent. 

SG. Symbol frequently iiscal to indicate the 
screen grid of a vacuum tube. 

SHADE. A mixture of a color with black. 


SHADING. (1) A method of controlling the 
directivity pattern of a transducer through 
control of the distribution of phase and ampli- 
tude of the transducer action over the active 
face. (2) In television, the process of com- 
pensating for the spurious signal generated in 
a camera tube during the trace intervals. 
(Sec interval, trace; circuit, shading.) 

SHADOW EFFEGT (U.H.F.). The redue- 

tion in signal strength due to some topograph- 
ical feature in the linc-of-sight path between 
the point of transmission and reception. (Cf. 
shadow factor.) 

SHADOW FACTOR. The ratio of the elec- 
tric field strength wliich would result from 
propagation over a sphere to that which would 
result from propagation over a plane, other 
factory being the same. 

SHADOW ZONE. A region, usually in the 
atmosphere or under water, in which ray 
acoustics predicts zero penetration of sound 
rays. 

SHANNON P'ORMULA. A theorem in in- 
formation theory \\hi(‘li states that a metliod 
of coding exists whereby C binary digits per 
second may be transmitter! with arbitrarily 
small fn'rpiency of error where C is given by 



and no higher rate can be transmitted; B is 
the bandwidth, and l^/N is the signal-to-noise 
ratio. 

SHAPE FACTOR. See Coddington shape 
and position factors. 

SHAPED - BEAM ANTENNA (PHASE- 
SHAPED). See antenna, shaped-beam 
(phase-shaped). 

SHAPING NP'TWORK. An equalizing net- 
work. (Se(' network, equalizing.) 

SHARP SERIES. See series in line spectra. 

SHARPNESS OF RESONANCE. Since reso- 
nant eircuit:> give a rci^ponse which varies with 
frequency, reaching a maximum at the reso- 
nance fr(*(iUL‘iu‘y and dropping on either side, 
it i.s ermvenient to have some means of com- 
paring different circuits. The usual purpose 
of such circuits is to select certain frequencies 
in preference to others so the common method 
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of defining the sharpness of resonance is to 
specify the frequency band in which the re- 
sponse will exceed an arbitrary value. This 
arbitrary value is often taken as 70.7% of the 
maximum as this is the point where the power 
is half the value at resonance. The narrower 
the frequency band between tliese two points 
the sharper the resonance, thus in the figure 



11h‘ circuit ha\iug tin* rt'^ponse curve I has 
luiicli .sharper I’csoiuince than that of curve 2. 
I'lie lre(|U(‘iicy (lifleriaKa' between the.se two 
iialt-])ower points is a])proximately equal to the 
resonance frequency divided by Q(Q > 10). 

SHEAR. Any stress which displaces a plane 
of a solid body parallel to itself, relative to 
other parallel planes within the body, is known 
as a shearing stress. TIk^ magnitude of the 
sliearing stress is the force per unit area of 
the plane. The sln^ar strain is the ratio of the 
displaceinent of any plane, relative to a sec- 
ond plane, to tlie distance between planes; 
i.e., it is (the tangent of) the angle through 
uhieh a line i)crpendieular to the planes is 
rotated by the shear. 

SHEAR MODULUS OR RIGIDITY. In the 

case of a homogeneous isotropic elastic me- 
dium, the ratio of the shear stress to the shear 
strain. The rigidity of such a medium is 
EI2{\ + (t) , where E is the Young modulus 
and cT is the Poisson ratio. 

SHEAR STRENGTH OF SINGLE CRYS- 
TALS. Aeeording to classical theory, the 
.^hear strength of a perfeet single ery.stal 
^hould be of the order of its shear modulus. 
This ^’ahle is larger hy a factor of the order 
of 10^ than that observed iti some eases. It 
is siq^posed that actually slip occurs by the 
movement of disloc ttions along the glide 
planes. 

SHEAR WA\T See wave, shear. 


SHEARED BOUNDARY METHOD (FOR 
TRANSPORT NUMBER). An experimental 
scheme for producing an initial sharp bound- 
ary for use in the moving boundary method. 

SHEATH. (1) A space-charge region in a 
gas discharge, due to an excess of either posi- 
tive or negative charges. (2) The conducting 
walls of a uniconductor waveguide. (See 

waveguide, uniconductor.) 

SHEATH-RESHAPING CONVERTER. A 

device which changes the mode of propaga- 
tion in a waveguide by shaping the wall.*^ of 
the waveguide and/or by employing sheet 
gratings in the w^aveguide. 

SHED. A unit of nuclear cross section equal 
to 10“-^ barn or 10“'** square centimeter. 

SHEET GRATING. Metal fins, usually at 
lea.st a guide-wavelength long, placed loiigi- 
tiulmally inside a waveguide to sup])ross im- 
(l('siral)le modes of propagation. 

SHELL MODEL OF NUCLEUS. (1 ) A nu- 
clear model in which shell structure is postu- 
lated. (2) A nuclear model in ^^hi(4l shell 
structure i.s a consequenee of tlie postulates 
lienee, usually, a synonym for inde|)endcnt 
]>nrticle model of nucleus. (See shell struc- 
ture of nucleus.) 

SHELL STRUCTURE OF NUCLEUS. I he 

arrangement of the quantum states of nu- 
cleons of a given kind in a nucleus in groups 
of aiqnoxiinately the same energy. Eaeli 
such group is called a sliell, and the number 
of nucleons in each shell is limited by the 
Pauli exclusion principle. A closed shell is 
one containing the maximum numlx'r A nu- 
cleus having all of its nucleons of uitlier or 
both kinds in closed shells possesses great(*r 
than average stability. (See independent 
particle model of nucleus; magic numbers.) 

SHF. Abbreviation for su{)erhigh-fre(iuency, 
the 3,000 to 30,000 megacycle band. 

SHIELD. Any material used to reduce the 
aiiiouut of radiation reaching one region of 
space from another region of space. 

SHIELD-GRID THYRATRON. See thyra- 
tron, shield-grid. 

SHIELDED PAIR. A two-wire transmission 
line surrounded by a metallic sheath. 
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SHIELDED TRANSMISSION LINE. See 
transmission line, shielded. 

SHIELDING. (1) In nuclear reactor termi- 
nology, the reduction of the amount of radia- 
tion reaching one region of space from an- 
other, as effected by a shield, or oilier device. 
(2) in many circuits, jiarticularly in the fields 
of communication and electronics where the 
currents and voltages are often veiy small 
it is necessary to protect from extermil dis- 
turl)ances. This may be largely accomiili^^hed 
by shielding. Disturbing voltages may be in- 
duced in a circuit or part of a circuit by elec- 
tro^^tatic or electromagiudic for both) induc- 
tion. The first is relatively easy to shield 
against since it is only necessary to Mirroimd 
the circuit wdtli a conducting surface which is 
ground(‘d This efieclnely jireveiits the (dec- 
trostatic lines of force from i-eaching the cir- 
cuit and thus inducimr voltag(‘s in it. To 
shield from electroTuamudic effects the mag- 
n<‘tic lines of force' must be preventevl from 
linking the circuit Since there* are no effec- 
tive magiK'lic insulators and no perb'ct con- 
ductors thi^ is difficult to do. Fortunatc'ly, (he 
nuni])er of lines of force which do g(*t to the 
circuit mav bo reduce'd to a small value which 
will usually not cause trouble At low' fre- 
f|uencie'^ (including I he* audio range*) this is 
accompli‘-bed by suriounding (he circuit by 
a material having high magnetic permeability, 
the higlier the jiermeabilitv tie me)r(‘ perfect 
the shielding At radio frenpiencies the* (‘ffee- 
tive permeabilitii*s of all magnetic materials 
approach nnitv At the'se fiequencies the 
eddy currents induced in the sluelel serve to 
protect the circuit As a conseepieuce, the 
better the conductivity of the shielding the 
better its protection, aluminum and cop[)er 
being the materials ordinarily us(‘d 

SHIELDING RATIO. Tlu* ratio of the field 
in a region of interest, with a shield in jdace, 
to the field in that region wuth the shield re- 
moved. 

SHIELDING THEORY. (1) At radio fre- 
quencies, the effect of a shield can be com- 
puted, for idealized cases, in terms of tlie 
reflection of traveling wuives at a diseoutiniiity 
jiresented by the shield, and by the attenua- 
tion of the transmitted portion of the wave. 
(2) At very low frequencies, the effects of a 
shield can be approximated by their static be- 
havior, i.o., the shielding can be thought of 


as due to induced charges and magnetic mo- 
ments which tend to neutralize tlic field. 

SHIFT. (1) In computer terminology, dis- 
placement of an ordered set of characters one 
or more columns to the right or left Tn the 
ease in wdiich the characters are the digits of 
a numher, in a fixed-point digital computer, 
a shift is ordinarily equivalent to multiplica- 
tion by a powxT of the radix. (21 A shift of 
a spectral line. (See also Doppler effect; red 
shift.) 

SHIFT OF SPECTRAL LINE. A small dis- 
jdaeement in the jiosition of a s])ectral line 
that is caused by a corresponding change in 
frequency w’hich is due, in turn, to one or 
more of a variety of causes, such as the Dop- 
pler effect, (‘tc. 

SHOCK EXCITATION. See excitation, 
shock. 

SHOCK MOTION. In a mechanical syhtem, 
transient motion wdiich is characteriz(*d })y 
suddenness and by significant relative dis- 
])lac('meTit«. 

SHOCK WAVE. A w^ave in vsbich an abrui)i , 
finite change takes place in pressure and par- 
tieh* velocity. (F^ee velocity, particle.) A 
shock w'a\(' can also bo definc'd as a finite 
amplitude sound wave. Shock wav(‘s may bo 
jiropagated at speeds appreciably greater than 
the velocity of sound. 

SHORE EFFECT. The change in the char- 
act eristic-^ of an elcctromagnctii* w\'ive as it 
]ni'-scs along a land-sca boundary, due to a 
differeu(*c in the propagation characteristics 
of tli(‘ two regions. A source of error in radio 
direction-finders. 

SHORE SCALE OF HARDNESS. See hard- 
ness scale. Shore. 

SHORT-CIRCUIT. An electrical circuit is 
considered to be shorted wdien the terminals 
are eoiinectcd directly together wuth only the 
impedance of the short connecting leads be- 
tween them, thus for all practical purj) 0 vses 
there is no resistance hetwTcn them, hence no 
voltage can exist bctw'cen them. AVhile short- 
ing a circuit wdiieh does not contain and 
not connected to any source of voltage will 
produce no harmful effects, shorting a set of 
terminals across w'hich a voltage normally 
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exists will produce in many instances dis- 
astrous current flows. 

SHORT-CIRCUIT DRIVING-POINT AD- 
MITTANCE (OF THE ;TH TERMINAL 
NETWORK). The driving-point admittance 

between that terminal and the reference ter- 
minal wh(‘n all other terminals have zero al- 
ternating components of voltage with respect 
to the reference point. 

SHORT-CIRCUIT FEEDBACK ADMIT- 
TANCE (OF AN ELECTRON - TUBE 
TRANSDUCER). The short-circuit transfer 
admittance from the pliysieally available out- 
put terminals to the j)hysically available input 
terminals of a specified socket, associated 
filters, and tube. 

SHORT - CIRCUIT FORWARD ADMIT- 
TANCE (OF AN ELECTRON-TUBE 
TRANSDUCER). The short-circuit transfer 
admittance from the physically available 
input terminals to Ihe phyhieally available 
output lerminals of a specified socket, asso- 
ciated filters, and tube, 

SHORT-CIRCUIT INPUT ADMITTANCE 
(OF AN ELECTRON-TUBE TRANS- 
DUCER). The short-circuit driving-point 
admittance at the physically available input 
terminals of a specified socket, associated 
filters, and electron tube. 

SHORT-CIRCUIT INPUT CAPACITANCE 
(OF AN n-TERMINAL EI.ECTRON TUBE). 
The cfTcctive capacitaiiee detemiini'd from 
the short-circuit input admittance. 

SHORT - CIRCUIT OUTPUT ADMIT- 
TANCE (OF AN ELECTRON - TUBE 
TRANSDUCER). The short-circuit driving- 
point admittance at the physically available 
output terminals of a specified socket, asso- 
ciated filters and tube. 

SHORT - CIRCUIT OUTPUT CAPACI 
TANCE (OF AN n-TERMINAL ELECTRON 
TUBE). The effective capacitance deter- 
mined from the short-circuit output admit- 
tance. 

SHORT - CIRCUIT TRANSFER ADMIT- 
TANCE (FROM THE ;TH TERMINAL TO 
THE rra TERMIN AL OF AN n-TERMI- 
NAL NETWORK). The transfer admittance 
from terminal i to terminal I when all ter- 


minals except j have zero complex alternating 
components of voltage with respect to the 
reference point. 

SHORT-CIRCUIT TRANSFER CAPACI- 
TANCE (OF AN ELECTRON TUBE). The 
effective capacitance determined from the 
short-circuit transfer admittance. 

SHORT-PATH PRINCIPLE. See Hittorf 
principle. 

SHORT-RANGE FORCE. A force between 
two i)arti(‘les which is essentially ineffective 
when the iiiterparticle separation exceeds a 
ceitain distaiiec; usually api)licd to nuclear 
forc(‘s which have a langc of several times 
10 cm. 

SHORT-RANGE ORDER. The type of or- 
der in winch the probability of a given type 
of atom having neighbors of a given type (for 
example, I hat an A atom is surrounded by B 
atoms) is great (‘r tlian would be oxpecti'd on 
a jmrely random l)asis. There is thus a teud- 
ene 3 ^ to form small ordered domain^?, but these 
do not link togetluT at long (Imtauce^. Short- 
range order oecairs in binary alloys above the 
order-disorder transition tiTnperaturo, and is 
measured by the parameter, 

g — q(ran(l) 

^ — — 

g(mai) — q{rand) 

where q is the fraction of tin* total number 
of nearest -neighbor bonds in the solid between 
unlike atoms, q(niax) is the maximum pos- 
sible value of q for the given ratio of con- 
stituents, and qirand) is the value of q for 
an entirely random arrangement. 

Short range order is eharaeteristic of liq- 
uids and disordered solids, in contrast to the 
long range order found in crystalline solids. 

SHORT-WAVE CONVERTER. A device 
consisting of a heterodyne detector or mixer 
and an appropriate local oscillator. The de- 
sired short-wave frequency is converted to a 
fre(|uoney which is within the standard broad- 
cast band. 

SHOT EFFECT. A troublesome phenome- 
non which gives rise to a sputtering or pop- 
l)ing noise in radio and amplifier apparatus. 
It was called Srhrofeffekt (small shot effect) 
by Schottky, who first explained it as due to 
variations in the number of thermions per sec 
emitted from the tube filament. This varia- 
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tion seems to be merely a statistical one, like 
the variations in the forces acting on particles 
exhibiting the Brownian movement. Its mag- 
nitude depends upon several factors, among 
which is the influence of the space charge 
(distribution of electrons) within the tube. 
A somewhat similar effect, produced by ran- 
dom variations in the velocities of the elec- 
trons, and depending upon the temperature of 
the filament, is manifest in what is called 
thermal noise, and is superposed on the shot 
noise. There is also a shot effect in the emis- 
sion of photoelectrons, observable in the op- 
eration of photoelectric cells. 

SHOWER. (1) Precipitation characterized 
by sudden starting and stopping, and by 
rapid changes in intensity. Shower lain is 
usually associated with cumulonimbus-type 
clouds and instability in the air. (2) For 
use of the term shower as applied to eharged 
])ai'tielcs or photons, see shower, cascade; 
shower, extensive; cosmic-ray shower, (‘tc. 

SHOWER, CASCADE, A type of cosmic- 
ray shower that i.^- initiated when a hiuh-cn- 
er^y electron, in it'^ i)aMsage tlirough matter, 
])r(jduc(‘s one or rnoia* j)h()toiiS of enc'rgies 
comparable* Nvith its uvAn. Tlu’^e j)lu)tons 
llun (‘Oil vert into c-U'ctrons and positrons by 
lli(‘ proc(‘^s of pair production. The socond- 
;iry (‘Ic'ctrons in (urn produce tlie' same efiVets 
a^ the jiriinary, and thus the ^ umb(‘r of par- 
ticle^ increases along the way. The cascade 
si lower of (‘lectrons and positrons builds up 
until tlie level of energy is so low that jfnoton 
emission and pair production can no longer 
occur. 

SHOWER, EXTENSIVE. A shower of many 
cosmic-ray particles extending over a fairly 
large area, on the order of 100 meters in 
diameter. Such showers presumably an ini- 
tiated high in the atmosphere by a single 
cosmic ray, having energy as great as 10^^- 
ev. 

SHOWER, PENETRATING. A cosmic-ray 
shower in which some or all of the constitu- 
ent particles can penetrate absorbing material 
further than is possible for clectrom'agnctic 
radiation, usually penetrating 15-20 cm of 
lead. The particles are mainly mesons. 
(See shower, cascade.) 

SHOWER THEORY. See cascade theory. 


SHOWER UNIT (COSMIC RAYS). The 

mean path length required for the reduction, 
by the factor of the energy of relativistic 
charged particles as they pass through mat- 
ter. Such particles lose their energy mostly 
by radiation (see bremsstrahlung). The 
show'cr unit s is related to the radiation 
length I by the equation: 

.s = / In 2 = OAmi. 

SHUNT. An electrical bypath so arranged 
that an electric current divides and flows par- 
tially through the shunt, and partially 
through the equipment that is simnted. Shunts 
are used extensively to reduce the sensitivity 
and to lower the effective resistance of gal- 
vanometers. In this connection see ammeter; 
and shunt, Ayrton. 

SHUNT, AYRTON. A device used in con- 
nection with a galvanometer to j)rovide vari- 
able current sensitivity (4). The galvanom- 
eter is connected across a resistance i2, ap- 
proximately equal to that reejuired for opti- 
mal (lamping fcf. damping, optimal). The 
input terminals are two ta])s on L\ tlie re- 
sistance bciwoen them b(‘ing ^/r?, where n is 
usually a positive power of ten. 

SHUNT EXCITED. This is a method of ex- 
citing tower antennae whicli an^ not insulati'd 
from tlie ground at the base. The feeder is 
connected to a point about of the way up 
the antenna, the exact location depending on 
many factors and usually involving some cut- 
and-try. For ])rop('r operation tlic fc'oder 
should si )pe iij) to the point of attachment 
from a point some di.^tance from the base of 
the antenna, the slope being adjusted experi- 
ment ally. Tlie term is aKo applied to the 
m(‘tIio<l ('inployed in providing field current 
for d-c dynamos. A sh'int-excitcd machine 
is on(‘ in whi(‘h the field windings arc con- 
nected across the armature terminals. 

SIIUNT-FED VERTICAL ANTENNA. See 
antenna, shunt-fed vertical. 

SHUNT RECTIFIER. Synonym for free- 
wheeling rectifier. 

SHUNT TEE JUNCTION. See junction, 
shunt tee. 

SIDEBAND(S). (1) The frequency bands 
on both sides of the carrier frequency within 
which fall the frequencies of the wave pro- 
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duccd by tlie process of modulation. (2) The 
wave components lyinp; within such bands. 
In the firocess of amplitude modulation with 
a sine-wave carrier, the upper sideband in- 
cludes the sum (carrier plus modulating) fre- 
quencies, the lower sideband includes the dif- 
ference (carrier minus modulating) frequen- 
cies. 

SIDEBAND ATTENUATION. S( e attenua- 
tion, sideband. 

SIDEBAND, VESTIGIAL. The transmitted 
portion of the sideband wliich has been 
largely sup])r(*s.sed by a transducer having a 
gradual cutoff in the mdgliborhood of the ear- 
ner frequency, tlie other sideband being trans- 
mitted without much suppression 

SIDE CIRCUIT. S(‘e phantom circuit. 

SIDE FREQUENCY. Sec* frequency, side. 

SIDE THRUST. In disc recording, the ra- 
dial component of force on a pickup arm 
caused by the stylus drag. 

SIDE-TIIRUST EFFECT. The* result of the 
force developed on a charged particle nioMng 
in a magnetic field. If the velocity and nuig- 
nelic field are perpendicular to cacli other, 
the force produced is mutually pc'rjiendicular 
to holh This is (he well-known “motor ac- 
tion 

SIEGBAHN UNIT (X-UNIT), A length of 
1(J cm, widely used m expressing the w^ave- 
length of x-rays 

SIEMENS. A trade name for a form of 

syncro. 

SIEMENS COUNTERCURRENT HEAT 
EXCHANGER. A device, in its simplest 
fonn consisting of two concentric tubes, by 
w’hich the heat content of a fluid moving in 
one tube can he transfcried to the fluid mov- 
ing in the other tube in o])posite direction. 

SIF. In television, an abbreviation for sound 
intermediate frequency, 

SIGMA. (1) Mathematical summation (2). 
(2) Surface tension (rr, but y is more com- 
monly used). (3) Millisecond (cr). (4) Cross 

section ((t), total cross section (o’*), cross sec- 
tion for atom in a mixture ((Xt). (5) Electric 

conductivity (<t). (^'d Collision diameter of 

molecule (rr^ (7) Dispersion (o-). (8) 

Thomson coe/T^'ient (<t). (9) Wave number 


((t). (10) Stefan-Boltzmann constant (<r). 

(11) Exposure (S). (12) Surface cliarge den- 
sity (cr). (13) Mass per unit area (o-). (14) 

Projection of S (the resultant angular mo- 
mentum of electron spins) on the molecular 
axis (Hand case a) (:S) (15) Electronic state 

of molecule having A = 0 (S). (16) 2-state 

for which the electronic wave-functions are 
symmetric and antisymmetric, respectively, 
with respect to any plane containing the 
molecular axis (2+*, 2~). 

SIGMA PILE (NUCLEAR REACTOR). An 

a'^'^einhly of a moderating material contain- 
ing a neutron source, i sed in the study of the 
neutron j)roperties of the material. 

SIGN CONVENTION (LENS AND MIR- 
ROR). Since every distance involved in lens 
computations must be measured from some 
origin, a convention of signs should he adopted 
to injure consistency in the derivation and 
iiM* of formulae. Unfortunately this has not 
been done by all authors. The following 
j)!oh}ihIy has the largest following: (1) Draw 
all flgiir(*s with the light incident on the rt'- 
Ik cling or refract mg surface from tTie left. 
(2) ron^ider the obj(‘ct distance p - PV pori- 
tue when P is at tiic left of the vortex. (3) 
Consider the image* distance q — UP' positive 
w hen P' is at the right of the veriex (4) C'on- 
vider the radius of curvature R — CV ])o*^i(ive 
when tlic C(‘nter of cuiwature lies to the right 
of the vertex (5) Consider the slope angles 
positive when the axis must he rotated coun- 
terclockwise through less (ban 7r/2 to bring 
it into coincidence with the ray. (6) Consider 
angles of incidence and refraction positive 
v\dien the radius of curvature must be rotated 
countoiclockw’ise through less than 7r/2 to 
bring A into coincidence with the ray. (7) 
Consnlcr disfanci's normal to the axis (losi- 
tive when measured upward. 

in the following diagram only is negative. 



When the convention is followed, the simple 
lens formula takes the form 
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- = - + = (n - 1) ). 

f V q lU 

SIGN, DIGIT. A character used to designate 
the algebraic sign of a number. 

SIGNAL. (1) An independent input vari- 
able. (2) A visual, audilde, or other indica- 
tion used to convey information. (3) The 
intelligence, message, or effect to be conveyed 
over a communication system. (4) A signal 
wave. 

SIGNAL, BLANKING. See blanking signal. 

SIGNAL(S), DRIVING. In lelevision, sig- 
nals that time the scanning at llie pickup 
point. Two kinds of driving signals are usu- 
ally •ivailable from a central sync generator. 
One is composed of pulses at line fre(juency 
and the other is composed of pulses at field 
frequency. 

SIGNAL ELECTRODE (OF A CAMERA 
TUBE). See electrode, signal (of a camera 
tube). 

SIGNAL GENERATOR. A \si(le-range 
radio-freepumey oscillator, usually with pro- 
visions for modulation, used for pur])oses. 

SIGNAL, INPUT. The jiowc'r fed into the 
input of a device or circuit. 

SIGNAL LEVEL, At any Int in a tT'ans- 
missioii system, the diffc'n'nce of the measure 
of the signal at that point from the i^M'asun* 
of an arbitrarily-sf)eeifie(l signal ehos( n as a 
referenee. In audio techniques, the measures 
of the signal are often exfiressed in decibels, 
thus their differ(*nce is conveni('ntly expressed 
as a ratio. 

SIGNAL, OUTPUT. The power delivr 'ed by 
a device or circuit. 

SIGNAL POWER, AVAILABLE. The maxi- 
mum signal power that can be drawn from 
the output terminals of a network by a load 
whose impedance is the complex conjugate of 
the impedance seen when looking bark into 
the network. 

SIGNAL-SHAPING NETWORK. An equal- 
izer network. 

SIGNAL-TO-NOISE MERIT. See signal-to- 
noise ratio. 


SIGNAL-TO-NOISE RATIO. The ratio of 

the value of the signal to that of the noise. 
This ratio is. usually in terms of peak values 
in the case of impulse noise (see noise, im- 
pulse) and in terms of the root-mean-squarc 
values in the case of the random noise (see 
noise, random). Where there is a possibility 
ot ambiguity, suitable definitions of the signal 
and noise should be associated with the term; 
as, for example: peak-signal to poak-noise 
ratio; root-incan-squarc signal to root-mean- 
scpiare noise rati'>: peak-to-peak signal to 
peak-to-peak noi^e ratio, etc. This ratio is 
often expressed in decibels. Tliis ratio may 
1)(‘ a function of the bandwidth of the trans- 
mission system. 

SICNAL-TO NOISE RATIO, AVAILABLE. 

The ratio of the availalile signal power to the 
availf^ble iioise power. f^ec .signal-to-noise 
ratio.) 

SIGNAL, STANDARD TELEVISION. A 
signal wliich conforms to the television trans- 
mission standards. 

SIGNAL(S), SYNCHRONIZING. See syn- 
clironizing, radio; synchronizing, television; 
synchronizing signal. 

SIGNAL WINDINGS. Of a saturable re- 
actor, those control windings to which the 
iiidependt'nt variables (signals) are applied. 

SILENT PERIOD. See international silent 
period. 

SILICON. Noumetallic element. Symbol Si. 
Atomic rumber 11. 

SILSBEE RULE. A long cinailar wire of 
radius a cannot cany a supercurrent greater 
than J-a//,., where Ifr is the critical field of 
tl)(* material. Evidently the magnetic field 
of the current itself then destroys the super- 
conductivity. 

SILVER. Metallie element. Symbol Ag 
(argentum). Atomic number 47. 

SII.VERSTAT, The trade name for a control 
device with a number of contacts arranged so 
that the number of contacts closed is propor- 
tional to a control force The contacts can, 
as an example, shoH out resistances in series 
with a gcTH'rator field, causing the output 
voltage to vary as a direct function of control 
force. The control force may be developed 
by an unbalanced gyro, an electromagnet, etc. 
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SILVER THAW. After a period of cold 
weather and below-freezing temperature a 
mass of warm air passing over the region 
will cause frost or glaze to fonn on objects 
that are still at a low temperature. This 
condition is knowm as a silver thaw, and usu- 
ally lasts only a few hours, as the warm air 
soon warms all exposed objc(3ts above 32°F. 

SIMPLE HARMONIC MOTION. Sec mo- 
tion, simple harmonic; oscillator, harmonic; 
oscillator, linear; and harmonic motion,^ 

SIMPLE SOUND SOURCE. See sound 
source, simple. 

SINGLESURFACE EQUATION, PARAX- 
IAL. See paraxial single-surface equation. 

SIMPLE TONE (PURE TONE). See tone, 
simple. 0 

SIMPLEX OPERATION OF A RADIO SYS- 
TEM. A method of operation in wliicli com- 
munication between two stations takes place 
in one direction at a time This includes ordi- 
nary transinit-reoeivi* ofX'ration, jiress-to-talk 
operation, voice-operated carrier, and other 
forrub of manual or automatic switching from 
transmit to receive. 

SIMPLEXED CIRCUIT. A circuit used to 
transmit two signals simultaneously. (See 

phantom circuit.) 

SIMPSON ONE-THIRD RULE. A numer- 
ical quadrature formula 

h 

I f(r)(lx = - [ 7/0 + 4(i/i + ?/3 H 1- 7/„_i) 

•'O d 

+ 2(?/2 + + • * • + yn— 2 ) + Vn] 

where h is the interval bet\veen equally spaced 
values of the independent variable .r, and yj 
is tlie value of j(x) at the beginning of the 
(; + l)st interval. 

SIMULATION. The reprcbcntation of phys- 
ical systems liy computers and associated 
equipment. 

SIMULTANEITY. Two events are simul- 
taneous relative to an observer when they 
occur at the same time according to a clock 
fixed relative to him. even although for an 
observer moving relatn e to the first tliey will 
not be simul+nneous it they occur at different 
points. 


SIN POTENTIOMETER. See potentiom- 
eter, sin. 

SINE WAVE. A wave which can be ex- 
pressed as the sine of a linear function of 
time, or space, or both. 

SINGING. An undesired self -sustained oscil- 
lation existing in a transmission system. 

SINGING POINT. In a closed transmission 
system, that adjustment of gain or phase, or 
both, at which singing will start. 

SINGLE - ADDRESS (INSTRUCTION) 
CODE. An instruction in general consists of 
a coded representation of the operation to be 
performed and of one or more addresses of 
words in storage. The instructions of a single- 
address code contain only one address. 

SINGLE CRYSTAL. A macroscopic speci- 
men of a solid in which all parts have the 
same crystallographic orientation. 

SINGLE-ELECTRODE POTENTIAL. See 
electrode potential, single. 

SINGLE-ENDED AMPLIFIER. See ampli- 
fier, single-ended. ^ 

SINGLE OPERATION. See simplex opera- 
tion. 

“SINGLE PARITY” CHECK. An error-de- 
locting code for a binary system. 

SINGLE PARTICLE MODEL OF NU- 
CLEUS. A synonym for independent par- 
ticle model of nucleus. 

SINGLE-SIDEBAND MODULATION OR 
SS. See modulation, single-sideband or SS. 

SINGLE-SIDEBAND TRANSMISSION. See 
transmission, single-sideband. 

SINGLE-SIDEBAND TRANSMITTER. See 
transmitter, single-sideband. 

SINGLE-SIGNAL RECEPTION. Reception 
achieved with a receiver of sufficiently high 
selectivity to eliminate all but the desired 
signal. 

SINGLE-TONE KEYING. See keying, sin- 
gle-tone. 

SINGULAR. Referring to unusual or pe- 
culiar behavior of a function. Thus, a singu- 
lar matrix is one for which the determinant 
vanishes. An Integral equation with infinite 
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limits of integration or an infinite kernel is 
singular. Coefficients of a linear differential 
equation become infinite at a singular point 
and singular solutions of them may also exist. 
If the slope of a curve becomes infinite the 
point is called a singular point for the curv^e. 

SINGULAR POINT, ELEMENTARY. At a 
regular singular point of a linear differential 
equation the difference between the two ex- 
ponents of the indieial equation is arbitrary, 
except that it cannot be zero or integral. If 
this difference equals ^/o, the singularity is 
elementary. 


the first or second kind, conjugated or iso- 
lated point, end point, salient point. 

SINGULAR POINT, IRREGULAR. A sinp- 
lar point of a linear differential equation 
which is not a regular singular point (see 
singular point, regular). In the case of a 
second-order differential equation, the indieial 
equation at an irregular .singular point is of 
first degree or less and there i-^ only one scries 
sedufion there or none. An irregular singular 
point of a differenlial e(]uation arises from 
the confluence of two oi- more regular singu- 
lar points. 


SINGULAR POINT, ESSENTIAL. A singu- 
larity of a function of the complex variable 
which is not a pole or a branch point. It is 
actually a pole of infinite order. A sim])le 
example is 

1111 

w{z) = sin 1 A = - - — 3 + 775 ~ — 7 - ± ■ 

z V.Z f)\z iW 

and it is seen that no finite valiK's of the ex- 
jionent n in z^w{z) will remove the singular 
point of this function at - 0 . (Sec aNo 

Laurent series.) 

SINGULAR POINT FOR COMPLEX VARI- 
ABLE. A })articuhir value of the complex 
variable z for which a function of that vari- 
able f(z) is not analytic. Hence any point 
which is not an ordinary point. Singular 
j)oiiits or siTigidariti(‘s arc classified as; (1) 
poles or unessential singularities, (2) essen- 
tial singularities (see singular point, essen- 
tial) or look's of infinite order; (3) branch 
points caused l>y the fact that the functkai 
is not single-valued. 

SINGULAR POINT POR PT.ANE CURVE. 

Any point on a given curve for which the 
derivative becomes iudeteniiinate An\ » Mier 
])oint i'- an ordinary point. Let tlie eiiuaiion 
of the cur\’e be fijc,i/) =^ 0 , then a singidar 
point occurs at a point (Xo,//!)), provided 

df/dx = 0 and d/ = 0 


SINGULAR POINT, NON-ESSENTIAL. A 
pole of finite order. 


SINGULAR POINT, REGULAR. The point 
z — is a regular singular ])oint of the sec- 
ond-order linear differential equation 


F(z) 

2 /" + — — - 2 /' + 
z - Zo 


(2 - ^o) 




provided: ( 1 ) is not an ordinary point; ( 2 ) 
both P{z) and Q(z) arc analytic functions at 
z -- To. If these conditions are not met, the 
singularity is irregular. This cla.ssifi cation 
of singular points may be extended to linear 
differential equations of any order. 


SINGULAR POINT, TRANSCENDENT.AL. 

If a cur\T is represented by a tramcendental 
equation, it may hav(‘ a singularity, called an 
end point, where the curve tenuinates sud- 
denly due to a discontinuity; a .salient point, 
where tlu' two branche.s of the cuiwe end be- 
cause of a discontinuity in the derivative. 
Kxaiupl('.s are: y -= In x, an end point at tlie 
origin \ y ~ x tan ‘ ' 1 /.r, a salient point at 
the origin. 


SINGULAR SOLIfTlON. A solution to a 
differential equation which is not a special 
of tlie general solution hence not obtain- 
able from the general solution by assigning a 
value to its parameters. (See Clairaut equa- 
tion.) 


at that point, for the derivative is 

dxj>dx = -clf/c)x/<lf/cly. 

If there are two, three, etc., tangents to the 
cur\"e the singular point is a doulile point, 
triple point, etc. Functions of tlie second 
derivative are used to classifv the singular 

point as a node, point of osculation, cusp of 


SINIMAX. A nickol-iron-silicon, medium 
permeability magnetic alloy. 

SIREN. Usually, a revolving disc perforated 
witli a ring of equaUy spaced holes which in- 
terrujit a tube placed close to one side of the 
disc. The fundamental frequency of the suc- 
cessive puffs of air issuing through the holes 


Six-vector — Sky Wave 


828 


is equal to the product of the number of holes 
and the number of revolutions per second of 
the disc. High sound intensities can be ob- 
tained. 

SIX-VECTOR. An antisynimeiriral tensor 
which in virtue of the conditions 
has, for /X, I' — 1 ••• 4, only six independent 
components. The electromagnetic fiedd com- 
ponents EjEyE., b(‘ represented 

as the components of a six-vector. 

SKIASCOPE. An instrumeiil for studying 
the optical refraction witliiii the t‘ye. 

SKIATRON. A form of cathodc-ray tube in 

which the opacity of the screcai is vari(‘d as 
a function of beam intensity. 

SKIN DEPTH. For a conductor carrying 
currents at a gi\(‘ri tiTHpicncy as a result of 
the cleclromagnetic waves acting upon its 
surface, the depth below tlie surface at ^^hich 
the current deu'^ity has decreased one neper 
below the current d(‘nsity at tlie surface. Usu- 
ally the skin dc'pth is sufficiently small so that 
for ordinary configurations of good conduc- 
tors, the value oblained for a plane wave fall- 
ing on a plane surface is a good approxima- 
tion The skin depth is given hy the rela- 
tionshi]): 


1 



where / is given in cycles per second, ju is given 
in henries per meter, and a is given in mhos 
per meter. 

SKIN EFFECT. The phenomenon wherein 
the depth of i)enetration of electric currents 
into a conductor decreases as the frequency of 
the current is increased. At very high fre- 
(juencies tlie current flow is restructc'd to an 
oxti emely-thin, outer layer of the conductor 
In this layer it presents (‘ssentially a ''current 
shoot,” which shields jiaids of the conductor 
away from the conducting surface, from the 
effects of external fields to the extent that 
there is little or no tendency for current to 
flow in those regions 

SKIN RESISTANCE. The skin resistance of 
a unit s(]uaTe is ecpuil to 1 e-S where o- is the 
eleclncal conductiv'' v of the eonduetor and 
whcTC S Is the depth penetration at the fre- 
quency of ne’asurement It is thus seen that 
the skin resi.siance is the same as the d-c re- 


sistance of a unit square and thickness 8. (See 

skin depth.) 

SKIOGRAPH. An apparatus which measures 
the intensity of x-rays. 

SKIP DISTANCE. As the frequency of a 
radio wave is increased the minimum angle 
of incidence at which the wave will be re- 
fl(‘cted from the ionosphere rather than pass 
on through lieconies greater. This means that 
the higher the frequency the farther from the 
transmitter the refleeded sky wave strikes the 
earth This distance between the transmitter 
and the point closest to it at winch the sky 
wave can be received is the skip distance. 
Tlie ground wave is attenuated more rapidly 
the higher the froc|ueney so that at high fre- 
(piencies th(‘ro may be a region in wdncli the 
ground wave has become too weak for use 
and in wdiich the sky wave cannot he received 
liecaiL^e of its skip Above about 4 mega- 
cycles this effect becomes very noticeable, the 
dead region for higher frequencies running to 
a distance of a fe\v hundred miles from the 
transmitter ^ 

SKY CONDITION. The state of the sky is 
also known as th(‘ sky condition In terms 
of timths of sky (‘o^e^'(l, ^nn\a^s’ observers 
m the rs recognize four sky condition^: 

(1) ('‘lear sky is less than ]\i) covit of 
clouds. 

(2) Scattered clouds is ^/Jo to %() cover. 
(,‘U Broken clouds is more' than ^lo but 

not more than Yiq cover. 

(4) Overca.st is more than ‘)\o cover. 

International practice and observations 
marie for synoptic charts in North America 
recognize 10 stales of the sky. Tliey are in- 
dicated hy code numbers, as foIlow\s: 

0 No clouds 

1 Less than Vio 

2 Mo 

3 /4o to 

4 tio to %o 

5 ^0 to 

6 %o 

7 More than but wdth openings 

9 Sky obscured by fog, dust, snow, 

etc. 

SKY WAVE. See ionospheric wave. 
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Slater Method — Slot, Antenna 


SLATER METHOD. A method for treating 
the problem of the many-electron atom, in- 
volving antisymmetrieal functions, which 
yield the relative values of coulomb and ex- 
change energy. As in the Ilarlree method, 
the variational method is used to test the 
values for the total energy. Phys. Rev, 34, 
1293 (1929); 35, 210 (1930). 

SLEET. Frozen rain drops (or drizzle) which 
fall as paHicles of ice. (International usage 
defines sleet as a mixture of rain and snow.) 

SLEEVE. The contact portion of a phone 
plug which is faidhest from the tip It is also 
the largest in size, and is generally a part of 
the plug frame. 

SLEEVE-DIPOLE ANTENNA. See antenna, 
sleeve-dipole. 

SLICER. A clipping limiter or amplitude 
gate. 

SLIDE-BACK VOLTMETER. Sec* volt- 
meter, slide-back. 

SLIDE WIRE. In electrical measurements, 
any voltage divider consisting of a >single 
wire connected bet^^e('n two nodes, with a 
contact that may be moved along the wire. 
The wire is often aiTanged in a circle or a 
helix. 

SLIDE-WIRE BRIDGE. See bridge, Wheat- 
stone. 

SLIP. (1) The process by wdiich a crystal 
undergo(*s plastic deformation, as a result of 
which one atomic plane moves boddy over 
another. Slip is belicvi'd to occur through 
the movement of dislocations. Tlie total de- 
formation of a given crystal is the sum of 
many small lateral displacements in parahcl 
crystallographic planes of a given family. 
Moreover each slip plane becomes more re- 
sistant to fuidher deformation than the re- 
maining potential slip planes. (2) A char- 
acteiistic of the induction motor; namely, the 
percentage by which the rotor-speed falls 
below synchronous speed. The slip varies 
from practically zero at no-load, up to maxi- 
mum at the stalling torque. (3) See slip of a 
fluid along a surface. 

SLIP BANDS. Lines formed on the surface 
of plastically-deformed, single crystals defin- 
ing planes in which shear displacement has 
taken place. 


SLIP OF A FLUID ALONG A SURFACE. 

The blif) of a fluid flowing past a surface may 
he (h'fined as the difference between the veloc- 
ity of the surface and the mean velocity of the 
fluid at a point just outside. Although very 
large velocity gradients frequently occur in 
the neighborhood of solid surfaces, many ex- 
periments have shown that the slij) is ex- 
tremely small for liquids and for gases under 
normal conditions. For gases, the slip velocity 
is of the order of the local velocity gradient 
multiplied by the mean free path, and it does 
become a])preciable for very low densities or 
very high speeds of flow. 

SLIP PLANE. An atomic plane of a crystal 
along which slip may be supposed to have 
taken place in order to create an edge disloca- 
tion; the latter moves freely along its slip 
plane.* 

SLIP RINGS. Conducting rings attached to 
a rotating part of an electrical machine to 
make connection through brushes with the 
stationary part of the circuit. They arc used 
wliere it is not necessary to commutate the 
current being conducted. (See commutation.) 

SLIT. The long narrow openings by w'hioh 
radiation enters or leaves certain diffraction 
or ()th(T ()i)tical instniment'^. Slits are often 
used as lino sources of radiation or of par- 
ticles, and combination of two or more slits 
are emi)loycd to achieve the collimation of 
beams (1). 

SLIT, DOUBLE. Two long narrow parallel 
openings used in certain diffraction and inter- 
fc'rence experiments. (See Robertson, Intro- 
duction to Optics^ 4th Ed , pages 148 and 221.) 

SLIT, ENTRANCE. See entrance slit. 

SLIT, EXIT. See exit slit. 

SLOPE. In rectangular coordinates, the ratio 
of tlie change of the ordinate to the corre- 
sponding change of the abscissa of a point 
moving along a line. If a straight line is de- 
termined by the points {x^yi) and (t2,7/o) its 
slope m = (]/2 — 7/i)/(t2 — o^i). If the line 
is not straight its slope is given by 

lim m = (dy^di)T^ n. 

ari 

SLOT, ANTENNA. See antenna slot. 
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SLOW MOTION OF SPHERE IN INCOM- 
PRESSIBLE VISCOUS FLUID. Fluid mo- 
tion at Huch low velocities (low Reynolds num- 
bers) that pressure gradients and ineidial 
forces are generally negligible compared with 
the viscous forces satisfies the equation 

= 0 

where <o is vorticity. If the flow is two-dimen- 
sional or axisymmetric, it is possilde to sot up a 
stream-function ^ which salisfies the ecpialion 

vV = 0 

where is the square of the Laplacian opera- 
tor Stokes law states that the resistance 
to motion under those conditions is given by 

R = (jTTTjav 

where rj is the fluid viscosity, a is the radius of 
the sphere, v is the velocity of the sphere. 

SLOW NEUTRONS. See neutrons, slow. 

SLOWING DOWN. The loss of kinetic en- 
ergy of a paHicle resulting from rcjjcated col- 
liMons with atomic nuclei. Applied particu- 
larly to ncMitrons. (See moderator.) 

SLOWING-DOWN AREA. (1) In an infi- 
nite homogeneous medium, one-sixth the mean 
scjuarc distance btdween the neutron source 
and the point where the neutron reaches a 
given energy. (2) In Fermi theory, the age. 

SLOWING-DOWN DENSITY (NEUTRON). 

At a given energy and time, the number of 
neutrons per unit volume per unit time which 
are going from an energy greater tlian the 
given energy to an energy lower than the given 
energy. 

SLOWING-DOWN LENGTH (NEUTRON). 
The square-root of the slowing-down area. 

SLOWING-DOWN MODEL, CONTINU- 
OUS. A treatment of the slowdng-down proc- 
ess wdiich replaces the step-w’ise (h^crease of 
energy due to collision.s by a continuous curve. 

SLOWING-DOWN POWER (NEUTRON). 

The average loss in natural logarithm of cn- 
ergy (average increase in lethargy) of a neu- 
tron per unit dislancc traveled by the neutron 
in the substance. 

SLOWING OF CLOCKS. Effect predicted 
by special rtlativity theory (see relativity 


theory, special) that if in its rest-frame a 
clock ticks n times per second then from the 
point of view of an observer moving with 
velocity v relative to the clock it wdll appear 
to tick 


times per second. 

SLUG. A unit of mass in the f Ibf s system 
of units, being the mass which is accelerated 
at 1 ft/s“ by a force of one pound. It is equal 
to 32.174 Ibm. 

SLUG TUNER, COAXIAL-LINE. An im- 
pedance-matching techniciuc which employs 
two quarter-wavelength dielectric beads or 
slugs inseried in the line Each slug acts as 
a quarter-wavelength line transformer. The 
jiosition between the slugs is varied to achieve 
the desired tuning effect. 

SLUG TUNING. A means for varying the 
frequency of a resonant circuit by introduc- 
ing a slug of material into either the electric 
or magnetic fields or both. ^ 

SMALL-SIGNAL THEORY. The concept of 
using small (‘xcursions of current and voltage 
from their quiescent ojKTating jioints in ord(T 
that difficulties due to the nfm-linearitics may 
be minimized. 

SMEAR. Loss of television image definition 
due to lack of sufficiently high video-fre- 
quency nvsponsc, or due to smear ghosts. 

SMEAR GHOST. In television, ghost images 
w^iich follow^ the desired imago so closely that 
the overall effect is one of smearing. 

SMEARER CIRCUIT. See circuit, smearer. 

SMECTIC PHASE. One of the forms of the 
mesomorphic state, or the “liquid crystals.’* 
In the smectic phase, flow does not occur nor- 
mally; the substance often fonns drops which 
show a series of fine lines, especially on exam- 
ination with polarized light. The liquid mo- 
tion is more of a “gliding” than a flowing 
action, and x-ray diffraction patterns arc ob- 
tained in one direction only. 

SMITH DIAGRAM (CHART). A diagram 
wdth polar coordinates, developed to aid in 
the solution of transmission line and wave- 
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Smith*Helmholtz Law — Softening Temperature 


guide problems. It is composed of the fol- 
lowing sets of lines: (1) Constant resistance 
circles. (2) Constant reactance circles. (3) 


CD io S 4 3 i I a j 4 « « « 

stand 'jC wave HaTiO 



Smilb (li.iftiam sho\vin'; (iiclcs of (’onxjtant slaiKliii" 
lalio, (lUh ( ()ii(.'^[K)n(liMp; to a yjaiticulai (pinii- 
nal inip(<icin((‘ as ioliow^ (a) Ttio terminal imprd- 
aiKO (pi) 1*5 Z(l) 2 + lO (b) The leimiruil imp< fi- 
ance (pj) is ZU) — 1 5 -h (c) The teiminal 
impedance (pa) is Z{1) -04 ’0 (Hv pcrmi'-sion 
fiom “Piimiplcs and Apiilications of Wd\cg\udo 
TianMiiisson” bv Soulhwuith, ('op> right 1050, D \ m 
iiid C'o , Inc ) 

Ciicles of constant standing wave ratio, (1) 
Radius lines rejircsenting constant line-angle 
loci The chait employs normalized quanti- 
ties for maximum flexibility. 

SMITH-HELMHOLTZ LAW. See Lagrange 
theorem. 

SMOG. A mixture of smoke and fog. 

SMOOTHING CHOKE. An inductor used 
in a circuit designed to decrease the ripple in 
a d-c power source. 

SMPE. Abbreviation for Society of Motion 
Picture Engineers. 

SNAP ACTION. In magnetic amplifiers with 
excessively large amounts of positive feed- 
back, the abrupt jump in output current as a 
function of control current ITvstercsis is 
present so that the jump up does not occur at 
the same value of control current as the jump 
down. Other types of feedback systems also 
sometimes exhibit similar action. 


SNELL LAW(S). (1) When light passes 
from one medium to another, the incident ray, 
the noniial to the surface at the point of inci- 
dence, and the refracted ray are all in the 
same plane 

(2) The sine of tlic angle of incidence beai*s 
to the sine of the angle of refraction a ratio 
V Inch is constant for the same two media, 
and depends only on the nature of those 
media. 

7?i sin ?i = 712 ^ 2 ? 

where*??! and 712 an the indices of refraction of 
the first and secoml media, lesjiectively. 

Fora medium (air) for which Ui = 1 (nearly), 

sin ?! 

712 == 

sm ?2 

If > ?? 2 , it is iirxjiossihle to satisfy the Snell 
hnv, feft* sin ij > n^/rii Total internal reflec- 
tion then occurs 

SNELL LAW APPLIED TO SOUND. Iden- 
tical in form to the Snell law in optics. For 
nondissipative media, sm 0 >/sm 0 ^ ^ Co/Ci, 
where 0 ^ is the angle of incidence, 62 the angle 
of retraction, ci tlie speed of sound in the inci- 
dent medium and the speed of sound in 
the refracting medium. 

SNOW. (1) Solid w'ater in the form of 
branched hexagonal crystals sometimes mixed 
witli simple ICC crystals. (2) Tlie colloquial 
tenn for the random pattern of white dots 
l)iesent on a television 'screen uiuler a weak or 
z(ro signal condition This pattern is due to 
thermal- and shot-noise sources within the re- 
c('i\ er 

SNOW PELLETS. Whitish, opaque, usually 
round pellets with a structure something like 
siiow^ They are compressible and often burst 
when striking a hard surfaee They are a 
shower type of hydrometeor. 

SODIUM. M(‘tallic element. Symbol Na 
(iiatiium). Atomic number 11. 

SOFT PHOTOTUBE. See gas phototube; 
also tube, soft. 

SOFTENING TEMPERATURE. A more or 
less definite physical constant of a substance 
that does not have a definite melting point, 
defined as the temperature at w^hich viscous 
flow changes to plastic flow. 


Sogasoid — Solid 
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SOGASOID, A dispersed system of a solid 
in a gas. 

SOL. A colloidal solution in which the sys- 
tem is apparently liquid. If water is the con- 
tinuous pliasc the system is termed a hydrosol. 
The term sol is also applied to the dispersion 
medium of a colloidal solution. 

SOL(S), PROTECTION OF. The protection 
of certain lyophobic systems against the coag- 
ulating effect of electrolytes by the addition 
of certain lyophilic sols. An example, is the 
addition of large amounts of a gelatine sol to 
a gold sol. (See also gold number.) The 
amount of lyophilic sol necessar}’^ to protect 
the lyophobic sol depends on the charges car- 
ried by the sols. (See also sols, sensitization 
of.) When the charges on the two types are 
the same only protection js obsci-vcd. When 
the charges are opposite, small arnoifnts of 
the lyophilic sol tend to sensitize, and large 
amounts to stabilize the lyophobic sol. 

SOL(S), SENSITIZATION OF. Th(‘ coagu- 
lation of a lyophobic sol by the addition of a 
lyophilic sol. An example is the coagulation 
of certain gold sols by the addition of very 
small amounts of gelatine, e g , 5 X 10“^ per 
cent gelatine for a 0 01 per cemt gold sol. (See 
also sols, protection of.) 

SOLAR CONSTANT OF RADIATION. Tlie 
intensity of solar radiation in free space at 
the earth’s mean .solar distance. The constant 
is usually expressed in g cal cm*^ inin~\ 
and is equivalent to the amount of radiation 
incident in unit time on unit surface exposed 
perpendieularly to unimpeded radiation from 
the sun. Measurements on earth must be 
corrected for the effect of the atmosphere. 

SOLAR RADIATION. The radiation from 
the sun com})ri'^es a very wide range of wave- 
lengths from the long infra-red rays to the 
short ultra-violet rays, with a maximum in- 
tensity in the visible green at about 5000 
angstroms. However, since the air strongly 
absorbs the wavelengths toward either end of 
the spectrum, the solar radiation received on 
the surface of ihe earth is confined, largely, 
to the visible and near infra-red regions, w'ith 
a very small proportion of the ultra-violet. 
The absorption of the ultra-violet radiation 
takes place largely i*. the higher stratosphere, 
where it probably cor tributes to the atmos- 
pheric ionization (see ionosphere). The 


longer infra-red is absorbed mainly by dust 
and water vapor at lower levels, which ac- 
coiint.s for the low temperature of the air at 
high altitudes. 

SOLARIMETER. A pyrheliometer for direct 
readings of solar radiation intensity from sun 
and sky. 

SOLARIZATION. (1) An actinic effect of 
sunlight or ultraviolet upon glass which re- 
sulis in a reduction in transparency, and 
sometimes permanent coloration. (2) A re- 
versal of gradation sequence in a dense photo- 
gra])hic image as a result of great overex- 
})osure. 

SOLATION. The process of change from a 
gel to a sol. The gel is said to solate. 

SOLEIL PLATE. A ty[)e of optical com- 
pensator somewhat like that of Babinet, but 
so constructed as to introduce the '<ame rela- 
ti\e p!ias(‘-changc over the entire fi(‘ld at once, 
instead of varying it progressi\ ely ac[• 0 '^s the 
field 

SOLENOID. A coil whicli may coj^sist of 
one or more layc'rs of Avindings It is the 
basis of all forms of (he electromagnet, and 
is thus part of tlie W’orking-rneclianism of 
many elect ricallv-operated d(' vices 

Th(‘ magnetic field strength within a sole- 
noid whose length L is much givater than 
its (iiameter is nc'arly uniform and is a])proxi- 
matcly 

H = = fjiNf/L, 

wlierc N is the number of turns and I is the 
current (rationalized units). 

SOLENOID, RING. A toroidal or ring- 
shaped coil of wire. 

SOLENOID, STRAIGHT. A coil of wire 
wound in the form of a cylinder, usually a cir- 
cular cylinder. 

SOLID. (1) A state of aggregation in which 
the substance possesses both definite volume 
and definite sliape. Solids possess elasticity 
both of shape and bulk, i.e., they resist any 
force that tends to alter their volume or form. 
Solids are characterized by very stable sur- 
faces of distinct outline on all sides. (2) A 
geometric solid is any portion of space which 
is occupied conceptually by a physical solid. 
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SOLID, GEOMETRIC. See solid (2). 

SOLID OF REVOLUTION. A solid gen- 
erated by the revolution of a plane area about 
a line, the axis of revolution. 

SOLID SOLUTION. A homogeneous solid 
in which atoms or molecules of one type have 
been partially replaced by other atoms or 
molecules without altering the basic crystal 
structure. The formation of such a mixed 
crystal is usually a sign of isomorphism, al- 
though this is not necessarily the case in sub- 
stitutional alloys. 

SOLID-STATE PHYSICS. Generally speak- 
ing, that branch of physics which deals with 
the structure and properties of solids It may 
perhaps be divided into the anatomy of ^()llds. 
i.e., crystallography, theorj’^ of the structure 
of metals, alloys, ionic crystals, etc., cohesive 
forces, band structure, etc., the physiologv of 
solids, i e., specific heats, thermal vibrations, 
thermal and electrical conductivity, intrinsic 
seiniconductivity, superconductivity, photo- 
conductivity, inagiK'tic and dielectric proper- 
ties, (‘tc.; the jiathology of solids, i e , impur- 
ity semiconductivity, plasticity, lattice de- 
fects, color centers, dislocation theory, crystal 
growth, etc. One inav observe a .shift of 
interest from the former to the latter a-pects, 
.as understanding of the solid state proures-,es 

SOLIDUS CURVE. A curve represeui mg 
tlio equilibrium lietwccii th(* sfilid and 

the liquid f)ha‘=5e in a condensed system of iwo 
components. The relationship is rrdiu*od to 
a two-dimensional cunT by disrop:ardin^ the 
influence of the vapor phase The jK)int,s on 
the solidus curve are obtained by plot tins tb<" 
temperature at which the last of the liquid 
phase solidities, against the composition, usu- 
ally in terms of the percentage compo‘=5ition 
of one of the two components. 

SOLIQUID. A dispersed system of a solid 
in a liquid. (See colloid.) 

SOLUBILITY. A property of a substance by 
virtue of wliich it forms mixtures with other 
substances which are chemically and phys- 
ically homogeneous throughout. The' degree 
of solubility (often spoken of as ^‘solubility^’) 
is the con(‘ontration of a solute in a saturated 
solution at any given temperature. The de- 
gree of solubility of most substances increases 
with rise in temperature, but there are cases 


(notably the organic salts of calcium) where 
a substance is more soluble in cold than in 
hot solvents. 

SOLUBILITY, APPARENT. The total 

amount of a salt present in unit volume of 
a solution. (See solubility, real.) 

SOLUBIIJTY COEFFICIENT OF GASES. 

Tlie volume of gas, under the experimental 
Conditions of pressure and temperature, dis- 
solved by unit \olume of solvent. 

« 

SOLUBILITY CURVE. The graph showing 
the variation with temperature of the concen- 
tration by a substance in its saturated solu- 
tion in a solvent. 

SOLUBILITY PRODUCT. A numerical 
(juantity depeialent upon the temiieniture and 
the .soUent, uharaet eristic of electrolytes. It 
1^ the product of the concentrations of iims in 
a saturated solurion and defines the degree of 
solubility of the substanee. When the prod- 
uct ot liio ion concentrations exceeds the solu- 
bility pioduct, precipitation commonly re- 
Milts Strictly speaking, the product of the 
actiMties of the ion^ should he used to deter- 
mine the soluhility product, hut in many cases 
the results obtained using concentrations, as 
sug<zested hy Nomst, are correct. 

SOLUBILITY, REAL. The amount of non- 
ionized dissolved salt that exi^^ts in unit vol- 
ume of a solution, as distinguished from “ayi- 
pareni” ^oluhility, which includes both the 
noJiionizcd and ionized salt 

SOLUBILITY, RETROGRADE. (1) Solu- 
hility which decreases with rise in tempera- 
ture, a^ that of sodium sulfate above 34°C, 
and that of a numbei of organic calcium salts. 
(2) A pariicular case in the conversion of a 
one- to a two-pliase system for a throe-com- 
ponent system involving two partially- 
miscihle liquids. 

SOLUTE. In a solution of two components 
in which the component present in excess is 
called the solvent, the other component is 
tenned the solute. 

SOLUTION. (1) A homogeneous mixture of 
substances which fonns a single phase. Gases 
are mutually soluble in all proportions; liq- 
uids may dissolve gases, other liquids, and 
solids; and solutions of solids in solids are 
known. (2) The process of finding a required 


Solution, Colloidal — Solution, Supersaturated 
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result by the use of certain given data, pre- 
viously known facts or methods, and newly 
observed relations; or the result of this proc- 
ess. For example, the process of finding the 
root(s) of an equation; or the root(s) them- 
selves. 

SOLUTION, COLLOIDAL (DISPERSE 
SYSTEM). A heterogeneous system consist- 
ing of more than one pha.se. The solvent is 
termed the continuous pliase and the sus- 
pended matter the disperse pliase. Tte dis- 
perse phase c()n.sists of minute aggregated par- 
ticles, each of which is very much larger than 
any of the constituent molecules. (This 
projicrty disilnguislu's colloidal from real so- 
lutions.) If the disiierse phase is a solid, the 
system is termed a colloid; if liquid, an emul- 
soid or emulsion (f)rovid(‘d the particles of 
disperse phase are quite large). * 

SOLUTION(S), CONJUGATE. The two 

liquid phases of a partly-miscible, two-com- 
ponent system in equilibrium, in which one 
jihase is a saturat(‘d solution of component A 
in component B, and the other phase is a 
saturated solution of component B in a com- 
ponent A, 

SOLUTION, DILUTE. The application of 
tlierinodynainies to colligative properties of 
solutions gives quantitative results only for 
ideal solutions. (See solution, ideal.) Di- 
lute solutions approach the l)ehavior of ideal 
solutions. The range of concentrations over 
which the relations obtained for ideal solu- 
tions hold for dilute solution'^ will vary with 
the nature of the constituents, namely with 
the solute and the solvent. 

SOLUTIONS, DILUTE, THEORY OF. Van t 
Hoff’s theory that substances in dilute solu- 
tion obey the same laws that apply to gases. 
Used in the calculation of osmotic pressure. 

SOLUTION, IDEAL. A solution which be- 
haves exactly in accordance with the Raoult 
law and various relationships derived from 
it, at all temperatures and concentrations. 
Many real solutions approach ideal behavior 
more or less closely when highly dilute, devi- 
ations from ideality becoming more marked 
the higher the concr^;tration. 

SOLUTION(S), ISOPIESTIC. Solutions 
that exert equal vapor pressures. 


SOLUTION, MOLAL. A solution that con- 
tains a mole of solute dissolved in one kilo- 
gram of solvent. 

SOLUTION, MOLAR. A solution that con- 
tains a mole of solute dissolved in one liter 
of solution. 

SOLUTION, NORMAL. A solution contain- 
ing one gram equivalent of a particular con- 
stituent of the solute in a liter of solution. 

SOLUTION PRESSURE. (1) The force im- 
pclling molecules or atoms to cross a phase 
boundary and enter into solution. (2) A 
term introduced by Nemst to denote the prop- 
erty possessed by metals, hydrogen, and cer- 
tain non-metals, whereby they tend to pass 
into solution as ions. However, it has not 
been found possible to devise a method for 
the measurement of the absolute potential be- 
tv/een an electrode and a solution of its ions. 
(For a further discussion, see electrolytic so- 
lution pressure.) 

SOLUTION, SATURATED. A solution con- 
taining the maximum proportion of solute to 
solvent at that temperature under •equilib- 
rium eonrlitions; in oilier words, a solution 
which does not cliangc in concentration of 
solute as more solute is added. 

SOLUTION, SATURATED, INCONGRU 
ENT. A solulion of two or more components, 
which is unsaturaled with re^yieet to one solid 
pha^e present, and saturated with respect to 
a second solid phase present, with the added 
circumstance that there is a component in 
common to all three phases (i e , tl\c solution 
and the two solid phases). As the solution 
becomes more concentrated, one solid phase 
enters into solution, while the second solid 
phase (c.g., a double salt) separates from 
solution. 

SOLUTION, SINGULAR. (1) A solution 
wdiose vapor pressure curve as a function of 
composition shows a maximum or minimum 
indicating the formation of a constant boil- 
ing mixture, as in aqueous solutions of alcohol. 
(2) For the use of this term in mathematics, 
see singular solution. 

SOLUTION, STANDARD. Any solution of 
knowm, definite concentration. 

SOLUTION, SUPERSATURATED. A solu- 
tion which contains a greater quantity of dis- 
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solved solute than that which cun exist at the 
given temperature in stable equilibrium with 
the solid solute. Supersaturated solutions arc 
metastiible systems in which a true equilib- 
rium is not established. Addition of solid 
substance, stirring, friction, etc*., causes the 
separation of the excess of solute. 

SOLVATION OF IONS. The aUachnient of 
molecules of solvent to ions. 

SOLVENT. Usually the term denotes a liq- 
uid which dissolves another compound to fonn 
a homogeneous one-phase liquicl mixture. In 
a wider meaning, the term denotes that com- 
ponent of a gaseous, liquid, or solid mixture 
which is present in excess over all other com- 
ponents of the system. 

SOLVENT, DISSOCIATING. A solvent in 
which solutes that associate in many other 
solvents enter into solution as single mole- 
cules. Thus, various carboxylic acids asso- 
ciate and hence give abnormal elevations of 
the boiling point, almonnal depressions of the 
freezing point, etc , in many organic solvents; 
in water, ho\ve^er, they do not associate. 
Therefore, water is called a dissociating sol- 
vent for such solutes. 

SOLVENT, IMMISCIBLE. A liquid that 
dissolves or extracts a substance from solu- 
tion in another solvent wdthout mixing with 
the other solvent. 

SOLVENT, NONPOLAR. A solvent whose 
constituent molecules do not possess perma- 
nent dipole moments and which docs not form 
ionized solutions. 

SOLVENT, NORMAL. A solvent tliat does 
not undergo chemical association, the forma- 
tion of complexes between its molecules. 

SOLVENT, POLAR. A solvent consisting of 
polar molecules, i.e., molecules that exert lo- 
cal electrical forces. In such solvents elec- 
trolytes (salts, acids, and bases) dissociate 
into ions, and form electrically-conducting so- 
lutions. Water, ammonia, and sulfur dioxide 
are representative polar solvents. 

SOLVOLYSIS. A generalized conception of 
the relation between a solvent and a solute 
(i.e., a relation between two components of a 
single-phase homogeneous system) whereby 
the solvent molecule donates a proton to, or 
accepts a proton from a molecule of solute. 


or both, forming one or more different mole- 
cules. A particular case of special interest 
occurs wdien water is used as solvent, in wliich 
case the interaction between solute and sol- 
vent is called hydrolysis. 

SOMMERFELD FORMULA. An approxi- 
mate propagation relationship for distances 
short enough that the earth’s curvature may 
be neglected. It states that 

aV/m 

. g 

d 

whore ?. ia the field strength; K is nn antenna 
constant; P is the radial ed power, d is the 
distance aw^ay from the antenna and A is 
relationship involving the fretiueney, the dis- 
tance, and the soil conductivity. 

SOMMERFELD LAW OF REGULAR OR 
RELATIVISTIC DOUBLETS. The relation- 
ship: 

c.^R{Z - cr.,)^ 

~ — 

]) 

where (T 2 is a screening constant, and the 
smallest value of / (- fc — 1) is 1. 

SONAR. A term formed from the contraction 
of sound navigation and ranging Sonar 
equiiiment is employed for underwater de- 
tection, ranging, and depth measurement. In 
a process analogous to that used in radar, 
sonic or supersonic pulses are transmitted, 
reflected from an o})jeel, and received at the 
point of tranMiussion. The required time-in- 
terval is used as a measure of the distance 
between the reflecting object and the trans- 
mitter. 

SONAR, COMMUNICATION. Signaling 
from ship to ship underwater by means of 
sonar equiimicnt. The sound signal in the 
water may be a replica of tlic original voice 
or telegrapli frequency, or it may be a modu- 
lated ultrasonic frequency. In the latter case 
the carrier frequency is usually below 100 kc 
because of the very high attenuation at the 
higher frequencies. 

SONAR, DIRECTION AND RANGING. The 

detection of underwriter objects by the use 
of sonar equipment. An oscillator operates 
at a fixed frequency, usually between 10 and 
50 kc. A swdtch connects the power amplifier 
of the oscillator to a subaqueous loudspeaker- 
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microplione used as a loudspeaker. After a 
few seconds, the switcli then connects tlie am- 
plifier to the loudspeaker-microphone used as 
a microphone. If a reflected sound impulse 
is received, it will be indicated by a ^‘pip^^ 
on a cathode ray tube or as a “ping” on an air 
loudspeaker. The directional pattern of the 
loudspeaker-microphone enables the direction 
to be determined, while tin* time-delay of the 
returning echo furnishes information on the 
range. 

SONAR, ECHO DEPTH SOUNDINCi. See 
acoustic depth finding, echo method. 

SONE. A unit of loudness. By definition, 
a simple tone of frequency 1000 cycles per 
second, 40 decibels above a listener’s thresh- 
old, produces a lou(lnesr> of 1 sone. The loud- 
ness of any sound that is judged by the lis- 
tener to be n tiiiH's that of the 1-sone tone is 
n sones. The loudness scale is a relalion be- 
tween loudness and level above threshold for 
a particular listener. In presenting data re- 
lating loudness in sones to sound pressure 
level, or in averaging the loudness seales of 
several listeners, the thresholds (measured or 
assumed) should he specified. The tenu 
'doudness unit” has been used for the 
subdivision of a loudness scale based on group 
judgment on which a loudness h'vel of 40 
phons has a loudnes^^ of a])])roximatcly 1000 
loudness units. For example, sec Figure 1 of 
Atneriruji Standard for IVoise Measurement, 
Z24.2-1942. 

SONIC DEPTH FINDER, See sonar. 

SONICS. A tenn coined by Theodor F. 
Huter and Richard II. Bolt to encompass the 
“analysis, testing and firoccssing of materials 
and products by the use of mechanical vibra- 
tory energy.” 

SORET EFFECT. An alt(*maLive term for 
the phenomenon of thermal diffusion. 

SORPTION. A generalized term for the 
many phenomena commonly included under 
the terms adsorption and absorption when 
the nature of the phenomenon involved in a 
particular case is unknown or indefinite. 

SOSOLOID. A dispersed system of a solid 
phase in a solid ph 

SOUND. (1) An alternation in pressure, 
stress, partici: displacement, particle veloc- 


ity, and so forth, which is propagated in an 
elastic material, or the superposition of such 
propagated alterations. (2) Also, auditory 
sensation wliich is usually evoked by the al- 
terations described above. In case of pos- 
sible confusion the terms “sound wave” or 
“elastic wave” may be used for concept (1), 
and the term “sound sensation” for concept 
( 2 ). 

SOUND ABSORBERS, FUNCTIONAL. 

Sound absorbers usually made in the form 
of thin shells of acoustically absorbing mate- 
rial and suspended on wires. They arc high 
eflicioncy absor})crs and are often used in lo- 
cations where appearance is not a factor. 

SOUND ABSORPTION. The process by 
which sound enc'rgy is diminished in passing 
through a medium or in striking a surfa'^e. 

SOUND ABSORPTION COEFFICIENT 
(ACOUSTICAL ABSORPTIVITY). The 

fraction of incident ‘-ound energy absorbed by 
the surface or medium. The surface is con- 
si<lorrd ])art of an infinite area. The value 
of the coefficient is a function of the angle 
of incidence of the sound. 

SOUND ANALYZER. A device for measur- 
ing the b^nd pressure level or pressure spec- 
trum level (sec spectrum level, pressure) of 
a sound as a function of freciuency. 

SOUND ARTICULATION. See articulation, 
sound. 

SOUND BAND PRESSURE LEVEL. The 
bund pressure level of a sound for a specified 
Ircquency band is the clTcctive sound pressure 
level for the sound energy contained within 
the hand. The width of the band and the 
refcrcn(‘e pressure must be specified. When 
measuring thermal noise, the standard devia- 
tion of the sound pressure readings will not 
exceed about 10 per cent if the product of the 
band width in cycles per second and the in- 
tegration time in seconds exceeds 20. 

SOUND CHANNEL PROPAGATION. The 

enhanced proi)agation of sound through a 
layer of a fluid because of focussing effects 
produced by variations in the sound velocity. 

SOUND, DIFFUSE. In a given region, sound 
wdiich has uniform energy density (see sound 
energy density) and is such that all directions 




837 


Sound Distributor, High Frequency — Sound Intensity Level 


of energy flux (see sound energy flux) at all 
parts of the region arc ecpially probable. 

SOUND DISTRIBUTOR, HIGH FRE- 
QUENCY. A loudspeaker cone containing a 
system of vanes, by means of which it is pos- 
sible to spread the high frequency radiation 
and thereby maintain uniform directional 
characteristics with respect to frequency. 

SOUND ENERGY. The sound energy of a 
given part of a medium is the total energy 
in this i)art of the medium minus the energy 
which would exi^t in the same pari/ of the 
medium with no sound waves ]ire'=5ent. 

SOUND-ENERGY DENSITY. The sound- 
energy density at a point in a sound field is 
the sound energy contained in a given in- 
finitesimal })art of the medium divided i)y the 
volume of that part of the medium. The 
commonly u^^ed unit is the ('rg p(‘r cubic centi- 
meter. The terms '‘instantaneous energy 
density” have meanings analogous to the re- 
lated term^ used for sound pressure. In 
sjieaking of avermje energy densitv in gen- 
eral, it is necessary to distingui.sh between the 
sjiacc avei'age (ai a given inslant) and the 
time ascrage (at a gi\en ])oint). 

SOUND ENERGY FLUX. The a^eragc rate 
of flow of sound energy for one jieriod through 
any specified area The commonly used unit 
is the erg per second Expressed mathemat- 
ically. the sound-energy flux J i.s 

1 

J = I pSVadf, 

T Jo 

where T = an integral number of fieriods or 
a time long compared to a penofi, p ~ the 
instantaneous sound pressure o\er the area 
i\i =“ the component of the inslantaheous 
particle velocity fsec' velocity, particle) in 
the direction a, nonnal to the area In a 
medium of density p, for a plane or spherical 
free w^ave having a velocity of propagation c, 
the sound-energy flux through the area cor- 
responding to an effective sound pressure p, is 



pr 


0 = the angle between the direction of propa- 
gation of the sound and the normal to the 
area S. 


SOUND-ENERGY FLUX DENSITY. See 
sound intensity. 

SOUND-ENERGY FLUX DENSITY LEVEL. 
See sound intensity level. 

SOUND FIELD. A region containing sound 
waves. 

SOUND INTENSITY (SPECIFIC SOUND- 
ENERGY FLUX) (SOUND-ENERGY FLUX 
DENSITY). The sound intensity in a speci- 
fied <lifection at a jioint is the average rate of 
sound energy Iransinitted in the specified di- 
rection thiough a unit area normal to this 
direction at the point considered. The com- 
monly us(‘d unit i^ the erg per second per 
square centimeter, but sound intc'iisity may 
also 1)0 exiires^ed in watts per square centi- 
meter. , The sound intensity in any specified 
direction, a, of a sound field is the sound- 
energy flux tliiough a unit area normal to 
that direction. This is given by the expres- 
sion 



where T - an integral numIxT of fieriods or 
a time long comjiared to a period, p = the 
instantaneous sound pressure, Va — the com- 
ponent of the mstantanooiis particle velocity 
in the direction a. In the case of a free plane 
or spherical wav(‘ having the effective sound 
pressure, p, the velocity of propagation, r, in 
a medium of density, p, the intensity in the 
direction of projiagation is given by: 



pc 


SOUND INTENSITY LEVEL (SPECIFIC 
SOUND ENERGY FLUX LEVEL) (SOUND- 
ENERGY FLUX DENSIIT LEVEL). The 
intensity level, in decibels, of a sound is 10 
times tlie logarithm to the base 10 of the ratio 
of the intensity of this sound to the reference 
intensity The reference intensit}" shall be 
stated explicitly. In discussing sound meas- 
urements made with pressure or velocity mi- 
crophones, cs])ecially in enclosures involving 
normal modes of vibration or in sound fields 
containing standing waves, caution must be 
observed in using the ternas ‘intensity ” and 
“intensity level ” Under such conditions it 
is more desirable to use the terms "sound pres- 
sure level” or "sound velocity level,” since the 
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relationship between the intensity and the 
pressure or velocity is generally unknown. 

SOUND LEVEL. The sound level, at a 
point in a sound field has been defined by the 
American Standards Association as the 
weighted sound pressure level determined in 
the manner specified in the American Stand- 
ard Sound Level Metersi for Measurement of 
Noise and Other Soimds, Z24.3-1944, or its 
latest revision. The meter reading (in deci- 
bels) corresponds to a value of the, sound 
pressure integrated over the audible frequency 
range with a specified frequency weighting 
and integration time. 

SOUND LEVEL METER. An instrument 
including a microphone, an amplifier, an out- 
put meter, and frequency weighting networks 
for the measurement of noise and soun^^ levels 
in a specified manner; the meaMirementa are 
intended to approximate the loudness level 
which w'ould be obtained by the more elabo- 
rate ear balance method. 

SOUND OCTAVE-BAND PRESSURE 
LEVEL (OCTAVE PRESSURE LEVEL). 
The band pressure level for a freciuency band 
corresponding to a specified octave. Tlie loca- 
tion of the octave-band pressure level on a 
frequency scale is usually specified as the 
geometric mean of the upper and lower fre- 
quencies of the octave. 

SOUND POWER OF A SOURCE. The total 
sound energy radiated by the source per unit 
of time. The commonly used unit is the erg 
per second but the powTr may also be ex- 
pressed in watts. 

SOUND-POWERED PHONE. A point-to- 
point telephone communicating system em- 
ploying no batteries, amplifiers or other means 
of external power The liurnan voice produces 
a sound wave which actuates the microphone 
at the transmitting end. The microphone 
converts the acoustic energy into the corre- 
sponding electric energy. This energy is car- 
ried on wires to the receiving end, wdiere the 
electrical variations are converted into sound 
vibrations by the receiver. 

SOUND PRESSURE, EFFECTIVE (ROOT- 
MEAN-SQUARE SOUND PRESSURE). The 
root-mean-square '' a iC of the instantaneous 
sound pressuies, over a time interval, at the 
point under consideration. In the case of 


periodic sound pressures, the interval must 
be an integral number of periods or an in- 
terval long compared to a period. In the 
case of nonperiodic sound pressures, the in- 
terval should be long enough to make the 
value obtained essentially independent of 
small changes in the length of the interval. 
The tenn '^effective sound pressure^^ is fre- 
quently sliorteiied to “sound pressure.” 

SOUND PRESSURE, INSTANTANEOUS. 

The total instantaneous pressure at a point 
under consideration minus the static pressure 
at that point The commonly used unit is 
the microbar. Sometimes called excess sound 
pressure. 

SOUND PRESSURE LEVEL. The sound 
pressure level, in decibels, of a sound is 20 
times the logarithm to the base 10 of the 
ratio of the i)ressure of this sound to the 
reference pressure The reference pressure 
should b(‘ explicitly slated. The following 
reference pressures are in common use: (1) 
2 X 10 * microbar; (2) 1 microbar. Refer- 
ence pressure (1) has been in general use for 
measurements dealing with heaiing iituf sound- 
level measurements in air and liquids, wfiiih* 
(2) has gained widespread use for calibra- 
tions, and many types of sound-level measure- 
ments in liquids. It is to be noted that in 
many sound fields the sound pressure ratio^ 
are not proportional to the square root of 
corresponding power ratios and hence cannot 
bo exiiressed in decibels in the strict sense; 
howTver, it is common practice to extend the 
use of the decibel to these cases. 

SOUND PRESSURE, MAXIMUM. The 

maximum sound pressure for any given cycle 
of a periodic wave is the maximum absolute 
value of the instantaneous sound pressure oc- 
curring during that cycle. The commonly 
used unit is the microbar In the case of a 
sinusoidal sound wave this maximum sound 
pressure is also called the pressure amplitude. 

SOUND PRESSURE, PEAK. For any speci- 
fied time interval, the maximum absolute 
value of the instantaneous sound pressure in 
that interval. The commonly used unit is the 
microbar. In the case of a periodic wave, if 
the time interval considered is a complete 
period, the peak sound pressure becomes iden- 
tical with the maximum sound pressure. (See 
sound pressure, maximum.) 
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SOUND PRESSURE SPECTRUM LEVEL. 

At a specified frequency, the effective sound 
pressure level for the sound energy contained 
within a band 1 cycle per second wide, cen- 
tered at the specified frequency. Ordinarily 
this has significance only for sound having 
a continuous distribution of energy within 
the frequency range under consideration. 
The reference pressure should be explicitly 
stated. Since in practice it is necessary to 
employ filters having an effective band width 
greater than 1 cycle per second, the ])ressure 
spectrum level is in g('neral a computed quan- 
tity. For a sound having a unifonn di'^tribu- 
tion of energy, the computation can be made 
as follows: Let be the desired pressure 
spcctnim level, p be the effective pressure 
measmed through the filter system, be 
reference sound ])rc^Mire, Af be the effective 
band width of the filtcT system, and Ao/ be 
the reference band \\idth il cycle per ^eeond), 
then 


Lp, = 10 log 10 


po" A()/ 


For computational purposes, if Ij,y is the band 
pressure level ot)served through the filter, the 
above relation redue.s to 


L 


p<t 


L. 
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SOUND PROBE. A device fo exploring a 
sound field without significantly di'^turbing 
the fielfl in the region being explored. 


SOUND RECORDING SYSTEM. A com- 
bination of transducing devices (see trans- 
ducer) and associated equipment suitable for 
storing sound in a form capable of subse- 
quent reproduction. 

SOUND REFLECTION COEFFICIENT 
(ACOUSTICAL REFLECTIVITY). The 

sound refiection coc'ffieii'nt of a Nurfaee not a 
generator is the ratio of the rate of flow of 
sound energy reflected from the surface, on 
the sid^ of incidence, to the incident rate of 
flow. Unless otherwise specified, all possible 
directions of incident flow are assumed to be 
equally probable. AKo, unless otherwise 
stated, the values given ai)ply to a portion 
of an infinite surface, thus eliminating e<lge 
effects. 

SOUND REINFORCEMENT. The use of 
public addre^'^ systems in large broadcasting 
studios and radio theatoi> to enable the studio 
audience^ to hear all portions of the program 
in pro[)er pers[)eetive, whether the sound orig- 
inal es on the stage of the stinlio or at some 
remote point. 

SOUND REINFORCING SYSTEM. A sys- 
tem in a theater or hall, (‘onsisting of mi(‘ro- 
phones distributed on the stage and in the 
orchestra and loudspeakers suspended above 
the stage. The pur[)os»‘ is to make the sound 
energy density, due to the original sound 
source and the loudspeakers, as nearly uni- 
foi’m as i>osmI)1c. 


SOUND PROOFING. The u^e of acoustical 
absorbing materials in walls and partitions 
to cut down the transmission of sound from 
one room to another. 


SOUND REPRODUCING SYSTEM. A com- 
bination of transducing devices (see trans- 
ducer) and associated e(iuipment for repro- 
ducing recorded sound 


SOUND RANGING, GUN. The deteciioD of 
gun emplacements by recording the time of 
sound reception at three or more stations. 

SOUND RANGING IN AIR. The detection 
of the true position of the sound source from 
an unseen aerial source such as an airplane. 

SOUND RECORDER, PHOTOGRAPHIC 
(OPTICAL SOUND RECORDER). Equip- 
ment incorporating means for producing a 
modulated light beam and moans for moving 
a light-sensitive medium relative to the beam 
for recording signals derived from sound 
signals. 


SOUND REPRODUCING SYSTEM, AUDI- 
TORY PERCEPTIVE. A sound reproducing 
system in which tlie ears of the auditor are 
effectively transferred to lh(‘ original scene 
of action, e.g., by picking up the sound on 
several microphones, amplifying the signal in 
separate channels, with each cliarmel feeding 
a separate loudspeaker. The loudspeakers 
are arranged on the stage in the same posi- 
tions as the micro])hones on the pickup stage. 

SOUND REPRODUCING SYSTEM, BIN- 
AURAL. A sound reproducing system in 

which two microphones simulate the ears of 
a dummy, each receiving the component of 
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tile original sound that would normally be 
received by a human car at that position. 
Each component is reproduced through a sep- 
arate audio channel; each channel terminates 
in a telephone receiver. The sound produced 
at the ears of the observer is then identical 
to what would have been produced at the 
original position of the dummy. 

SOUND REPRODUCING SYSTEM, MAG- 
NETIC WIRE. A sound reproducing system 
employing magnetic tape for the recording 
and reproduction of sound. The output of a 
microphone or radio receiver is amplified and 
sent through an equalizer. A recording head, 
actuated by the am{)lifier, magnetizes the 
wire or tape in a manner corresponding to 
the undulations in the original sound wave* 
In reproducing, iln* wire or tape is pulled 
past the recording head at the speccf of tlie 
original recording. The magnetic undula- 
tions in the wire generate a voltage in tlic 
coil of the recording lu^ad whicli corresponds 
to the original sound vibrations. The out]Hit 
of the refiroducing head is equalized and am- 
plified and then fe<l to a loudspeaker. 

SOUND REPRODUCING SYSTEM, MON- 
AURAL. A sound reproducing system con- 
sisting of one or more microphones with pre- 
amplifiers and mixers, voltage amiilificr, at- 
tenuator, jiower amplifier and one or more 
loudspeakers. It is used for sound reinforce- 
ment and public address systems. 

SOUND REPRODUCING SYSTEM, PHO- 
NOGRAPH. A sound reproducing system in 

which the general studio equipment is quite 
similar to that of a broadcasting studio, ex- 
cept tliat an equalizer is used to attenuate 
the output below 800 cycle</sec to yield ap- 
proximately uniform amplitude in that re- 
gion. A cutter actuated by tlu* amplifau* cuts 
a spiral vavy path in the revolving record 
corresponding to the undulations in the orig- 
inal sound wave. In rc])rodiicing the record 
is tunied at constant sjicod. A stylus or needle 
follows the wavy spiral groove and generates 
voltages corresponding to the undulations in 
the record. The outjiut i.s equalized to com- 
pensate for the equalization in the original 
recording, and is passed through a low pass 
filter. The resultant s^’gnal is passed through 
a power amnlifier v\hich drives the loud- 
speaker. 


SOUND REPRODUCING SYSTEM, RADIO. 
A sound reproducing system in which the out- 
puts of several microphones are amplified and 
fed to attenuators and then through filters, 
equalizers and compressors to eliminate noise 
and frequency deficiencies, and also to reduce 
the volume range. The output is passed 
through an amplifier and isolating amplifier, 
and is fed to the transmitter. A small part of 
the radio frequency energy radiated by the 
transmitter ant('nna is picked up by the re- 
ceiving antenna, anqilificd in the radio fre- 
(jucncy stages, comliincd with an intermediate 
frequency oscillator .and fed into tlie finst de- 
tector. The output of the first detector is 
amiilified by tlic intermediate freipiency am- 
jilifier and then fed to the second detector. 
The audio freipiency out[)ut of the second 
director is then fed to a power amplifier which 
drives a loudspeaker. 

SOUND REPRODUCING SYSTEM, SOUND 
MOTION PICTURE. A sound reproducing 
.system in which the outputs of sc'vi'ral micro- 
phones are aiu|)lified and fed to attenuators 
and th(*n through filters, equalizers and com- 
pressors to eliminate noise and fr(‘(|U(‘Ticy de- 
fi(‘ienci('s and also to reduce th(‘ volunu* range. 
The out[)ut j)ass(N through an ov(‘rall anqili- 
fier and fc^eds a light modulator and a monitor- 
ing systiMU. 13y means of tli(‘ ojitical system 
and light modulator, the electrical variations 
are recorded on the film into corresponding 
variations in density or in area. 

SOUND REPRODUCING SYSTEM, TELE- 
PHONE. A sound reproducing system con- 
sisting of a carbon microphone (see micro- 
phone, carbon), a tclephom' receiver, and a 
battery. 

SOUND SOURCE, SIMPLE. A source which 
radiates sound uniformly in all directions un- 
der free-field conditions. (See field, free.) 

SOUND SOURCE, STRENGTH OF 
(STRENGTH OF A SIMPLE SOURCE). 

The maximum instantaneous rate of volume 
displacement produced by the source when 
emitting a wave with sinusoidal time varia- 
tion. 

SOUND SYSTEM, STEREOPHONIC. A 
sound reproducing system in which a plurality 
of microphones, transmission channels, and 
loudspeakers is arranged so as to provide a 
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sensation of spatial distribution of the sound 
sources to the listener to the reproduction. 

SOUND TRACK. A narrow band, usually 
along the margin of a sound film, which car- 
ries the sound record. In some cases, a plu- 
rality of such bands may be used. 

SOUND TRACK, CLASS-A PUSH-PULL. 

Two single sound tracks side by side, the 
transmission of one being 180" out of phase 
with the transmission of the other. Both posi- 
tive and negative halves of the sound wave 
are linearly recorded on each of the two 
tracks. 

SOUND TRACK, CLASS-B PUSHPULL. 
Two sound tracks side by side, one of which 
carries the positive half of the signal only, 
and the other the negative half. During the 
inoperative half cycle, each track transmits 
little or no hglit. 

SOUND TRANSMISSION COEFFICIENT 
(ACOUSTICAL TRANSMITTIVITY). Of an 

interface or s(‘])tum, the ratio of the trans- 
mitted to inci(l(‘nt sound energy. The value 
of the coefficiiMit is a function of the angle 
of ineidenee of the sound 

SOUND VOLUME VELOCITY. 1 he rate 
of flow of the medium througli a specified area 
due to a sound wuve The terms “instan- 
taneous volume velocity, “effective volume 
velocit}",” “maximum \olume velocity, and 
“jicak volume vi'loeily” have meanings which 
correspond witli those of the related tenus 
used for sound pressure. 

SOUND WAVE, CIRCULARLY POLAR 
IZED. An elhjitically polarized sound wave 
(see sound wave, clliptically polarized) in 
which the disjilaceinent vector at any point 
rotates about the point with constant angular 
velocity and has a constant magnitude. A 
circularly iiolarized wave is eriui valent to two 
superposed plane polarized waves of sinus- 
oidal form in which tlie di<=!plaeements liave 
the same amplitude, lie in perpendicular 
planes, and are in quadrature. 

SOUND WAVE, ELLIPTICALLY POLAR- 
IZED. A transverse wave in an elastic me- 
dium in which the displacement vector at any 
point rotates about the point and has a mag- 
nitude which varies as the radius vector of 
an ellipse. An clliptically polarized wave is 
equivalent to two superimposed plane-polar- 


ized waves of simple sinusoidal fonn in which 
the displacements lie in perpendicular planes 
and are in quadrature. 

SOUND WAVE, PLANE POLARIZED 
(LINEARLY POLARIZED SOUND WAVE). 

Af a point in an claslic medium, a transverse 
wave m which the displacements at all times 
lie in a fixed plane which is parallel to the 
direction of projiagation The above defini- 
tion is equivalent to stating that, in a phine- 
polanzfd sound wa^ o, the flisplacernent vector 
at any point lies in a fixed straight line pass- 
ing through the point. 

SOUND WAVES, MEAN FREE PATH FOR. 

In an enclosure, the average distance sound 
travels between successive reflections. 

SOUNDER. A telegraph receiving instru- 
ment consisting of an armature (2) and an 
electromagnet. Each ciiiT(‘ht pulse received 
actuates the annature, creating an audible 
click. 

SOUNDING ELECTRODE. A probe used 
to make measurements in a gas discharge. 

SOURCE. Any di'vice w'hieh s>i[)j)lies energy, 
in the form of radiation, electric currents, 
sound waves, etc. Thus, in sjX'ctrosiaipy, the 
arc or spark that suiiplies light; in electrical 
circuits the generator, battery, or oscillator 
that supplies electrical energy; in sound re- 
cording, the device which supiilies power to a 
transducer. 

SOURCE, CIRCULAR RING. A cun ed line 
souice (see source, curved line) in which tlie 
line forms a closed circle 

SOURCE, CONE SURFACE. A truncated 
cone of fiaper or felted paper U'-ed in a direct 
radiator type loudspc'akiT. (See loudspeaker, 
direct radiator.) 

SOURCE, CURVED LINE. A source com- 
jiosed of a large number of point sources (see 
source, simple point), u^uallv of equal 
strength, vibrating in phase on the arc of a 
circle. The adjacent point sources are sepa- 
rated by equal, very small distances. 

SOURCE, CURVED SURFACE. A portion 
of a sphf^rieal surface, large com])ared to the 
w’aveleugth, and vibrating radially. 

SOURCE, DOUBLET. Two simple point 
sources (see source, simple point), equal in 
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strength but opposite in phase, separated by a 
vanishingly small distance. 

SOURCE IMPEDANCE. The impedance 
presented by the source to a transducer. 

SOURCE LEVEL. The sound intensity at a 

point on the axis one yard from a source, 
measured in decibels above a reference level. 
In symbols, the source level >S, in decibels, is 
given by 

h 

.S=101og--. 

Ir 

where lo = intensity at a point on the axis 
one yard from the source, Ir = reference in- 
tensity, usually corresponding to an rms pres- 
sure of 1 dyne/ern^. 

SOURCE, NONUNIFORM PLANE CIRCU- 
LAR SURFACE. A plane circular surface 
^\ith all partvS vibrating in phase, but with 
the strength varying as a function of the dis- 
tance from the center. 

SOURCE, PLANE CIRCULAR SURFACE. 

A plane circular surface with all jnirls vibrat- 
ing with the same strength and phcioe 

SOURCE, PLANE SQUARE SURFACE. A 

plane square surface witli all parts of the sur- 
face vibrating with the same strength and 
phase. 

SOURCE, SIMPLE POINT. A small source 
which alternately iipccts fluid info a medium 
and tlicn withdraws it. 

SOURCE, STRAIGHT LINE. A large num- 
ber of sim])lc point sources fscc source, simple 
point) of equal strength and phase arranged 
on a straight line and s(‘parated by ccpial and 
very small distances. 

SOURCE, STRAIGHT LINE, NONUNI- 
FORM. The ^anic as a straight line source 
(see source, straight line), exeejit that the 
strength of tlu' point sources is a function of 
position along the line. 

SOURCE, STRAIGHT LINE, TAPERED. 

A non-uniform straight line source (see 
source, non-uniform straight line) in which 
the strength vanes linearly from its value at 
the center to zero at cither end. 

SPACE CHARGE. The electric charge car- 
ried by a cloud or stream of electrons or ions 
in a vacuum or a region of low gas pressure, 


when the charge is sufficient to produce local 
changes in the potential distribution. It is 
of importance in thermionic tubes, photoelec- 
tric cells, ion accelerators, etc. 

SPACE-CHARGE GRID. Sec grid, space- 
charge. 

SPACE CHARGE LIMITATION OF CUR- 
RENTS. It has been showm by Child that 
the current betw^een a plane cathode and a 
parallel plane anode at a distance d from it, 
wdien the anode ])olcntial is cannot exceed 
a certain maximum value, determined by the 
modification of the electric field near the 
cathode as a result of the space charge of 
electrons in that region. If the electrons 
leave the cathode with zero speed, the maxi- 
mum current i)Ci’ unit area of the cathode is 

. _ 4€o l^e 
9 V wi (1^ 

wdiere e and 7n arc (he cleclronic charge and 
mass, respectively, and co the electric con- 
stant. Langmuir has (‘\f ended the equation 
to mclnde tlu' case of a eylindrical cjfthode of 
radius a, surrounded by a coa\ial cylindrical 
anode of radius h. The maximum current per 
unit Icngfh is then 

. ^ Stt^o /2c 

9 \ 7ri 2>(ln 6/a)^ 

The dc])CiKlciice of tlie current on the % 
power of the potential difference is general, 
and is the basis of tlie definition of pervcance. 

SPACE CHARGE REGfON (PERTAINING 
TO SEMICONDUCTOR). A i egion in w'lncli 
the net charge density significjnlly diff(T- 
(Uit from zero. (See also depletion layer.) 

SPACE DIVERSITY. See diversity recep- 
tion. 

SPACE, EUCLIDEAN. See Euclidean 
space. 

SPACE FACTOR. In antenna arrays, the 
summation of the radiation patterns of all 
elements wdth respect to their individual posi- 
tions, amplitudes, and phases in the array. 
If all elements are identical, the radiation in- 
tensity of the entire array is the product of 
the radiation intensity of an individual ele- 
ment and the square of the space factor. 



843 


Space Croup Spark 


SPACE GROUP. When identical objects are 
placed at the lattice points of a space lattice 
a regular spacial array is obtained, which 
has, perhaps, symmetry elements over and 
above those of the point group of tlic original 
lattice. Thus, because of some symmetry 
property of the identical objects (that is, of 
the unit cells, in a crystal), there may exist 
glide planes and screw axes which define 
operations turning the structure into itself. 
It has been shown that there are only 230 
different types of symmetry possible for such 
a system; these are the 230 space groups 
which are classified according to the sym- 
metry elements they possess. 

SPACE GROUP EXTINCTION. In X-ray 
diffraction by crystals, certain classes of re- 
flections may be absent owing to the crystal 
having certain additional symmetry elements 
corresponding to its space group, over and 
abo^ e its ciystal point group symmetry. The 
observation of tliis effect helps in analyzing 
the crystal structure, giving information about 
the symmetry of the unit cell. 

SPACE, HILBERT. Sec Hilbert space. 

SPACE LATTICE. A regular three-dimen- 
sional arrangement of points constnicted by 
the repeated application of the primitive 
translations which carry a unit cell into its 
neighbor Each point in the lattice lias 
exactly the same environment and tlie lengths 
and orientations of the primitive translations 
fix the type of the lattice There are only 
fourteen kinds of simple space lattice, which 
are classified according to their symmetry 
type, as follows: 


Symmetry 

Type 

Cubic 

Tetragonal 

Orthorhorabic 


Monoclinic 

Triclinic 

Hexagonal 

Rhomboidal 


Lattici Type 

Simple cube; fa re -centered cube; 
eentered cube. 

Tetragonal prism; body-centered te- 
tragonal pri-sm. 

Rectangular prism; body-centered rec- 
tangular prism; rhombic prism; 
body-centered rhombic prism. 

Monoclinic parallelo piped; monorlinic, 
one-face centered. 

Triclinic parallelepiped. 

Hexagonal prism. 

Rhombohedron. 


SPACE-LIKE SURFACE IN SPACE-TIME. 

A three-dimensional surface such that no 
point on it lies within the absolute future or 


absolute past of any other point. A particular 
case is any surface t = constant. 

SPACE-LIKE VECTOR. A four-vector 
in Minkowski space such that 

> 0 . 

SPACE, MINKOWSKI. See Minkowski 
space. 

SPACE PATTERN. A geometrical pattern 
appearing on a test chart designed for the 
measupement of geometric distortion in tele- 
vision receivers. The RKTMA Ball Chart is 
a sfiecjfic example of a space pattern. 

SPACE-TIME. A space of four dimensions 
which specify the space and time coordinates 
of an event. In the absence o^ a gravitational 
field, space-time reduces to Minkowski space. 

SPAClf-TIME PATH OF A CLASSICAL 
PARTICLE. A ciirv’e drawn in space-time 
to represent the position of a particle as a 
function of time. 

SPACE WAVE. Sc‘c wave, space. 

SPACED ANTENNA. S(‘e antenna, spaced. 

SPACING WAVE (BACK WAVE). See 
wave, back. 

SPALLATION. A type of nuclear reaction 

ill which seviTal small particles are ejected 
from the nucleus. Examples are: 

+ He‘ -h 3n 

+ II^ Mn^“ + unknown fragments. 

SPARK. An electric spark is a sudden break- 
down of the insulating strength of the dielec- 
tric separating two electrodes, due to the for- 
mation of ions by an intense electric field, 
accompanied by a rush of electricity across 
the “spark gap,'^ and a flash of light indicat- 
ing voiy liigh temperature. Unlike the arc, 
glow, and brush discharges, the spark is of 
very short duration. It may be oscillatory or 
intermittent, several discharges taking place 
in quick succession. In gases, the spark takes 
place only at appreciable pressures, such as 
normal atmospheric pressure. 

If the voltage across a spark gap is progres- 
sively raised, a spark passcvs when it has be- 
come sufficiently high. The lowest voltage 
at which the spark will pass is the “sparking 
potential”; but there is usually a time inter- 
val, called the “spark lag,” between the at- 
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tainment of this voltage and the passage of 
the spark. Also the voltage may be increased 
for a moment considerably above this value 
without producing a sj^ark. These character- 
ietics depend upon the condition of the gas, 
especially upon the ions and the vapors pres- 
ent in it. After one sj^ark has passed, others 
follow at lower sparking potential, because 
of the ions alnvidy formed; and ibis is also 
true if the “pilot spark’^ takes place across 
another neighboring spark gap. Paschen 
found that for a given pressure the sparking 
potential is a nearly linear function of the 
length of the gap, and for a given gap it is 
a nearly linear function of the pros‘^ure. For 
spherical terminals, the relation is so definite^ 
that the “sphere gap” is often used as a rough 
measure of high voltages. Thus witli s])herical 
electrodes f) cm in diameter, a 2-cm si)ark in 
air at normal pressure corresponds to f. poten- 
tial (lifference of ob,3(K) volts; a r)-cm gap to 
102,250 volts. AVitli 10-cm spluTcs. tlie cor- 
responding voltages are 59,4t)0 and 123, '^50. 

SPARK-GAP MODULATION. See modula- 
tion, spark-gap. 

SPARK LINE (ION LINE). A spectral line 

produced by radiation from ions (a loose 
term; see arc line). 

SPARK TRANSMITTER. See transmitter, 
spark. 

SPATIAL POLAR COORDINATES. See 

spherical polar coordinates. 

SPEAKER. See loudspeaker. 

SPECIAL RELATIVITY THEORY. Sec 

relativity theory, special. 

SPECIFIC ACOUSTIC IMPEDANCE. Sec 
impedance, specific acoustic. 

SPECIFIC ACOUSTIC REACTANCE. See 
reactance, specific acoustic. 

SPECIFIC ACOUSTIC RESISTANCE. See 
resistance, specific acoustic. 

SPECIFIC ACTIVITY. (1) The activity of 

a radioisotope of an element per unit weight 
of element present in the sample. (2) Tlie 
activity per unit mass of a pure radionuclide. 
(3) The activity per unit weight of any sam- 
ple of radioactive iLctterial, Specific activity 
is commonly given n. a wide variety of units 
(e.g., millicuries per gram, disintegrations per 


second per milligram, counts per minute per 
milligram, etc.). 

SPECIFIC ELECTRONIC CHARGE. See 
electronic charge, specific. 

SPECIFIC GRAVITY. The ratio between 
the density of a substance at a given tempera- 
ture and the density of some substance as- 
sumed as standard. For liquids and solids 
the standard assumed is eitlier the density of 
distilled water at 4°C, or the density of dis- 
tilled water at OO^F. (This value is often 
used in calibrating industrial hydrometers.) 
For gases the standards arc air, hydrogen, or 
oxygen at 0°U, and a pressure of 760 milli- 
meters of mercury, or distilled water at 4°U 
The specific gravity is a relative property 
that varies with the temperature. The con- 
ventional symbol for specific gravity is dj , 
where is tlie temperature of the substance 
and ^2 is the temi)erature of the standard. 

SPECIFIC HEAT. See heat, specific. 

SPECIFIC HEAT, ELECTRONIC. See 
electronic specific heat. 

SPECIFIC IONIZATION. vSee ionization, 
.specific. 

SPECIFIC SOUND - ENERGY FLUX 
LEVEL. See sound intensity level. 

SPECIFIC SURFACE. Tlu' surface, or area, 
of a substance or entity per unit volume; ob- 
tained by dividing the area by tlie volum(% 
and expressed in reciprocal units of length 

SPECIFIC VOLUME. Tlie volume of a sub- 
stance or entity per unit mass, obtained by 
dividing the volume by the inas>; and ex- 
])res.scd in units of length to tlu^ third power 
and reciprocal units of mass. Reciprocal of 
the density. 

SPECTRAL ABSORPTION COEFFICIENT. 
See discussion of absorption coefficient. 

SPECTRAL CENTROID. An average wave- 
length, computed especially for filters and 
other light-transinitting devices, by taking a 
weighted average, for each wavelength, of the 
spectral distribution, of the incident light, the 
transmittance of the device, and the luminos- 
ity data of the eye. 

SPECTRAL CHARACTERISTIC. A rela- 
tion, usually shown by a grapli, between wave- 
length and some other variable. (1) In the 
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case of a luminescent screen, the spectral 
characteristic is the relation between wave- 
length and emitted radiant power per unit 
wavelength interval. (2) In a i)liotoel(‘ctric 
device, it is the relation between wavelength 
and sensitivity per unit wavelength interval. 

SPECTRAL COLORS. (1) Colors present in 
the spectrum of white light. (2) (3ol()r^ that 
are rci)rcscnted by points on the chromaticity 
diagram that lie on straight lines b(‘twecn 
the achromatic point and the spectrum locus. 

SPECTRAL DENSITY. The relative dis- 
tribution of radiant energy throughout the 
speetrum. (See spectral energy distribution.) 

SPECTRAL EMISSIVITY. See emissivity. 

SPECTRAL ENERGY DISTRIBUTION. 

When radiation exhii)iling a continuous spec- 
truiTi is (piantitativcly analyzed, it is found 
tlu'it (jiiile (lillen'Tit amounts of power arc r(‘p‘ 
resented by the radiation within equal ranges 
of w'a\el('ngth or of freciuency having different 
limits The iirojHirtioii in any such range de- 
[x'luN uj)on llu‘ elhiiaetc'r of tli(' source If 
oiH‘ (liM(le^ llu' sj)(*ctrum into mall intervals 
of \va\ ('length, say 10 angstroms, and ])lots the 
pow'er output for each range a^ ordinate wdth 



the mean wavelength of the interval as 
abscissa, the result is a curve showing the 
distribution of power through the speetrum 
(See Planck distribution law.) 

SPECTRAL LINES, PRESSURE WIDEN- 
ING OF. Sec pressure widening of spectral 
lines. 

SPECTRAL POSITION. The effective wave- 
length or frequency of an essentially mono- 
chromatic beam. Note that no beam of finite 
intensity is absolutely monochromatic. Note 
also that the effective wavelength of a beam 


of radiation in a narrow^ wavelength band at 
3 0 microns in the diagram under spectral en- 
ergy distribution would not be at the w’ave- 
length center of the band. 

SPECTRAL RADIANT EMITTANCE. See 
emittance. 

SPtlCTRAL SENSITIVITY. (1) The sensi- 
tivity of a detector measured for narrow' spec- 
tral hands throughout the speetrum. (2) Tlie 
emittc'd radiant-pow'er wavelength distribu- 
tion oh a luminescent screen under a given 
condition of excitation. (3) The sensitivity 
of a jihotooloetrie device in relation to the 
w'avelengih of the ineident radiant energy. 

Spectral sensitivity is usually displayed on 
a spectral characteristic. 

SPECTRAL TRANSMISSION. The trans- 
mission of a plate of mat (’rial measured for 
narrov\ spect'-al bands throughout the spec- 
trum. 

SPECTRAL TRANSMITTANCE. S( e trans- 
mittance. 

SPECTROGRAM. A record ])roduc('d by a 
spectrograj)!!, i e., a record of n spec'troscopic 
Iu*oc(*ss, commonly one obtained by photo- 
gia])hie melhods. 

SPECTROGRAPH. An instrument used to 
produce a record of a spectrum. It may be 
eonsiden'd to include the ayiparatus for pro- 
ducing the ladiations or particles to be investi- 
gated; and includes the oilier nc'Cessary ap- 
Jlaratu^, i e., that for selecting a desirecl por- 
tion of the radiations or pailicles; that for 
arranging them in a uniform Ix'am; that for 
‘‘Cjjarating the beam into a spinet rum; and that 
for recording the spectnim by photographic 
or other means. (Sec also spectroscope.) 

SPECTROGRAPH, AUTOCOLLIMATING. 
A spectrograph m which the same lens tliat 
collimates the incident beam is used to focus 
the refracted beam. 

SPECTROGRAPH, IJTTROW. A spectro- 
gra])h w'hicli makes use of a prism having an 
internally reflecting surface, functioning as a 
constant deviation prism. (Sec prism, con- 
stant deviation.) 

SPECTROGRAPH, MAGNETIC. A device 
which utilizes the curvature of the path of a 
charged particle in a magnetic field to obtain 
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the velocity (hence energy) spectra of charged 
particles in radioactive decay. (See mass 
spectrograph.) 

SPECTROGRAPH, MASS. See mass spec- 
trograph. 

SPECTROGRAPH, QUARTZ. A spectro- 
gra])h designed to detect radiations in the 
ultraviolet region of the electromagnetic spec- 
trum. The optical system is constructed of 
quai*tz because ordinary glass is opaque over 
most of the ultraviolet spectral region 

SPECTROGRAPH, VACUUM. A spectro- 
graph in which the entire light path is iti 
vacuo. The dispersive element is usually a 
concave reflection grating. In the absence of 
absorption by lenses and air, such an instru- 
ment may be ojierated for studies in the ex- 
treme ultraviolet. < 

SPECTROGRAPH, WEDGE. A spectro- 
graph in which the flux density jiassing 
through the eni ranee slit is varied by means 
of an optical wedge or similar device. 

SPECTROHELIOGRAPH. The spectro- 
hehograidi pictur(‘s the sun in its .spectrum. 
Esscuitially the instrument consists of a high 
dispcM’sion spectrograph with a se(‘oiid sht 
placed dir(‘ctly m front of the photographic 
plate so that the radiation from only one 
spectral line is received on the plate. The 
iinagi of the sun moves acro.ss this slit. 

SPECTROHELIOSCOPE. An instrument 
for observing an image of the entire sun in 
light of one wavelength, [f used photogra])h- 
ically, it is called a spectroheliograph. 

SPECTROMETER. An iiistniment used to 
measure sjiectra or to determine wavelengths 
of the various radiations. 

SPECTROMETER, BETA-RAY. An instru- 
ment u^ed to determine the energy distribu- 
tion of yt?-paidicles and secondary electrons. 

SPECTROMETER, BETA-RAY, WITH 
ELECTROSTATIC FOCUSING. A ^-ray 
spectrometer which uses a radial electrostatic 
field to jirovide velocity focusing. 

SPECTROMETER, GAMMA-RAY. An in- 

stmment for detennining the energy distribu- 
tion of 7 -ray 8. 

SPECTROMETER, IONIZATION. See 

Bragg spectrometer. 


SPECTROMETER, MAGNETIC, DOUBLE- 
FOCUSING. A spectrometer using shaped 
magnetic fields to focus ions whose velocities 
have a component noimal to the median mag- 
netic plane. 

SPECTROMETER, MAGNETIC, SEMICIR- 
CULAR-FOCUSING. A spectrometer in 

which a beam of ions of given charge-to-mass 
ratio (for example, electrons) are acted upon 
by a magnetic field perpendicular to their di- 
rection of motion. They will then be de- 
flected in circular patlis w^liosc radii are de- 
pendent on the velocities of the ions. 

SPECTROPHOTOMETER. An instmment 
for analyzing the spectral energy distributions 
of sources of light. It is thus a spoctroradiom- 
eter for visible radiation. Various types are 
in use. A representative form includes a 
monochromatic illuminator, irorn the slit of 
winch proceeds an isolateil, narrow^ frequency 
range of the light under examination. This 
may I)i compared, by means of a wedge pho- 
tometer device or otluTwiso. with the light 
of the same frcquen(‘y range from a source 
wdioso s])ectral energy distribution is known. 
In interpreting the results, it is iinfiortiint to 
tak(‘ into account the visibility factor (see 
photometry), and (hu^^ to distinguish Ixdwc'on 
tlu* relativi‘ absolute (energy) and apparent 
(visual) intensities for different waivclengUis 
There are spectrojihotometers wiiich exhibit 
directly an approximate curvn of apparent in- 
tensity distribution. A simjile type consists 
of a spectrometer with a neutral ab^'orbing 
w’edge placed with the tliick ))a.'>e over the 
upper end of the slit vand the thin edge over 
the lower. The spectrum then appears as a 
strip whose iijiiMT margin, penetrating visibly 
to various distances into tlic region of greater 
absori^tion, corresponds to the distribution 
curve. 

SPECTROPHOTOMETER, BECKMAN. (1) 
A spectrophotometer having a quartz prism, 
a concave focusing mirror, and several pho- 
toemisslon detectors. (2) Any spectropho- 
tometer made by the Beckman Instruments, 
Inc. 

SPECTROPHOTOMETER, BRACE-LEM- 
ON. See Brace-Lemon spectrophotometer. 

SPECTROPHOTOMETER, GAERTNER. 

(1) A visual spectrophotometer comprising a 
Martens photometer (see photometer. Mar- 




847 


Spectrophotometer, Clan — Spectroscope, Comparison 


tens) and a constant-deviation spectrometer. 
(2) Any spectrophotometer made by the Wm. 
Gaertncr Scientific Instrument Co. 

SPECTROPHOTOMETER, CLAN. See 
Gian spectrometer. 

SPECTROPHOTOMETER, HUFNER. A 
visual spectrophotometer haviiij^ a rhomb di- 
rectly i)efore the entrance slit of a constant- 
deviation spectrometer. (See spectrometer, 
constant-deviation. ) 

SPECTROPHOTOMETER, KONIG-MAR- 
TENS. A viMial single-unit .spectrophotom- 
eter, having a biprism and a Wollaston priMii 
(‘'ce prism, Wollaston), the latter serviniz; to 
]iolarize coincident images of the two halves 
of the entrance slit. 

SPECTROPHOTOMETER, LUMMER- 
BRODIIUN. A visual .spectrophotometer 

containing a Tjimmer-Hrodhiin pliotonu'ter 
cube. (See photometer, Lummer-Brodhun.) 

SPECTROPHOTOMETER, PHOTOELEC- 
TRIG. A spectrophotometer con faming a 
photoelectric detector. 

spec:tr()photometry, abridged. 

Spectrophotometry enijiloying continuous 
s])ectra ‘'Oiircc'^, but with various narrow )>and 
fillers ])1arcd in tlie Ix'am of light, und(‘r 
which condition the transmittance or reflect- 
ance of (he sample is nu'asured 

SPECTROPl IOTOMETR Y, REFLECT- 
ANCE. Mea^iu'cments of the intensity of 
various sjicctral freqmmcies or nan'ow^ bamN 
of light reflected from surfaces, espcauallv a-« 
apfilied to the sj)ecilieation of color, to ])rob- 
Icms in ojitical microcliemistiy, to iise^ iu 
cytocheiiii.slr>^ and histoch(‘mistry, and for 
other purposes. 

SPECTRORADIOMETER. An instrument 
used to measure the spectral distribution of 
radiant energy (see energy, radiant) (See 
also spectral energy distribution; radiation 
pyrometer.) 

SPECTROSCOPE. Many types of instiTi- 
ment for producing and vi(wving spectra are 
included under this term. Variations in form 
are due, not only to differences in principle, 
but also to the type of radiation to be exam- 
ined, which ranges all the way from infra-red 
to x-rays. 


The earlier spectroscopes, developed by 
Fraunhofer. Angstrom, and others in the early 
part of the last century, adapted Newtons 
discovery of the dispersion of light by a prism. 
The essential features (Fig. 1) are a slit, S, a 



Fig 1. Diagram of simple prism spectroscope. (\ 
(ollimator willi slit P, prism; 1\ telescope for 
Mowing spectrum at oyi’piece E. 

collimating lens, C, for rendering the light 
from the slit parallel before entering the 
prism, one or more dispersing prisms, P, and 
a telescope, T (or a camera), for forming 
image's of the slit in the various wavelengtlis 
and tlftis jiroviding a method for viewing or 
])hotogra])limg the spectrum. The light 
jiasses through fhc'sc in the order named, be- 
ing deviaf('d by the prism through various 
angles according to the wavelength. When 
a roscope is provided with a graduated 
circle for measuring deviations, it is called a 
“spectromoler.^’ The ^‘direct-vision” or non- 
deviation spectroscope, employing an Amici 
prism, is a compact instniment for qualita- 
tive purposes. The photographic spectro- 
scope, know’ll as a “spectrograph,” is nnw^ al- 
most universally used in spectral research 
(S^‘e spectrograph.) 

Many modern spectroseo])os employ th(‘ 
diffraction grating instead of the prism. In 



Fig 2. Diagiam of concave grating spectros' ope. 
*S, slit; G, grating; E, eyepiece (or plate-holder). 

the concave grating sjiectroscope, developed 
by Rowdand, the collimating lens and tele- 
scope or camera objective are unnecessary be- 
cause of the focusing effect of the grating 
itself (Fig 2). 

SPECTROSCOPE, COMPARISON. An in- 

strument for comparing spectra, as used, for 
example, to compare the absorption lines in 
the spectra of stars and other astronomical 
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objects, with the spectra of elements whose 
presence in the star is under investigation. 

SPECTROSCOPE, DIRECT-VISION. A 

spectroscope without deflection of light, i.c., 
in which all components lie along one axis. 
(Sec Amici prism.) 

SPECTROSCOPE, GRATING. A spectro- 
scoi)e in which the resolving element for light 
of dilTerent wavelengths is a diffraction grat- 
ing, 

SPECTROSCOPE, PRISM. A spcdioscope 
in whicli the resohing element for light of dif- 
ferent waveleiiglhs is a prism. 

SPECTROSCOPIC DISPLACEMENT, LAW 

OF. Tlie arc spectrum (see spectrum, arc) 
of an element is similar, especially m regard 
to fine structure, to the first spaik spc'ctruin 
(see spectrum, spark) of tlie ('leuuMt one 
place liighcr in the periodic table, to tin' sec- 
ond spark spectrum of the eh‘ment (wo j)laces 
higher, and so on Since the lm(\s in the arc 
spectrum are rommoiily tliose of tlie normal 
atom, while the liist sjiark sju'clnim eontains 
lines of tlie singly-ionizc'd atom, tiie second 
sj)ark spectrum, tho^e of th(* doiihle-ioniziMl 
atom, iind so on, this law assents a similarity 
l)(‘(\ve(‘n the spectrum of an unionized atom, 
and (hat of a singly-ionized atom of an ele- 
ment one place higlu'r in the periodic tahh', 
and that of a doul)ly-ionized atom (wo jdaces 
liigh(‘r in the table, etc. 

SPECTROSCOPY. The hrancli of physical 
science treating the theory and int('rpr(*ta(ion 
of spectra. 

SPECTRUM. (1) A visual display, a photo- 
graphic record, or a plot of the distribution 
of the intensity (and sometimes the jihase) of 
radiation of a given kind as a function of its 
wavelength, energy, hv(\\wuvy, muinentum, 
mass or any related (piantity. (2) A eontiim- 
ous range of frequencies, usually wide in ex- 
tent, within which waves lui' C some speci- 
fied eominon characteristic, e.g., aiidio-fre- 
qncncy spectiaun, radio-frcciuoncy siiectruui, 
etc. (3) The resolution pattern of a group 
of masses over a region according to increas- 
ing raa.ss, in which particles of a given mass 
are physically isolated from those of neigh- 
boring masses. (4) A mathematical concept 
denoting the types of resolutions wliich are 
associated with a g:ven partial differential 
equation. 


SPECTRUM, ABSORPTION. The spectrum 
resulting when the source is continuous radia- 
tion passed through an absorbing medium, 
commonlj" dark at some of those wavelengths 
for which the emission spectrum of the me- 
dium would he bright. 

SPECTRUM, ALPHA PARTICLE. The 

distribution in energy or momentum of the 
a-particles emitted by a pure radionuclide, 
or, less commonly, by a mixture of radionu- 
clides. Each a-emitting nuclide yields a char- 
acteristic spectrum consisting of one or more 
sliarp lines, each line licing due to a par- 
ticular group of mono6‘nergctic ])artich*s. 
When more than one grouj) is ])resent, the 
distribution is said to have fine structure; 
this re^ult^' fiom trarisition.s to more than one 
nuclear energy ‘^tate of the prodmd nuclide, 
the gioiip of highest energy coming from the 
ground-state tran^ilion. In exceptional ca^cs 
and TliC^'), linos are observed due to 
groups tliat have very low intensities 
to 10 ‘) relative to tliose for the main groups 
The particles producing <nc]\ lines are called 
long-range a-particles Thev n‘sult when the 
emitting nuclei are formed in excited states 
in the jiu'ci'diug p-disintegration (of HaCy or 
ThU) and emit a-particles dinM*fly from tlie 
(‘xcited ^tat(‘s, instead of becoming de-exci(ed 
by the moi(* usual gamma (‘mission The 
noniial a-disintegration energy is then aug- 
mentc'd liy the excitation energy. 

SPECTRUM ANALYZER. A device for de- 
t(‘rmining the frecjiuaicy-energy distribution 
of a signal nr group of signals The deAucc 
g(*norally consists of a selective rceeiver 
whicli is cyclically tuned througli the desired 
fnaiuc'iicy hand. The receiver output may be 
displayc'd on the vertical axis of an o.scillo- 
scope whose horizontal sweej) is related to 
the receiver swe('p-rato, thus giving a visual 
indication of the frecjiiency and relative 
strength of signals present 

SPECTRUM, ARC, A spectrum produced at 
the temperature of tlie electric arc. The cle- 
ment or compound under investigation is 
placed between the electrodes fonuing the arc, 
or is applied to them as a coating; and the 
light emitted from the arc is examined spec- 
trosc()[)ically. Because of the high tempera- 
ture of an arc nearly all compounds are dis- 
associated, and the spectra of the elements 
rather than of the compound is obtained. 
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This makes arc spectra particularly useful in 
chemical analysis by spectroscopic methods. 
Also because of the relatively low potential 
differences required for an arc, the si)ectra of 
the normal (or, at most, sinji;ly-ioTiized ele- 
ments) are obtained rather than the spectra 
of the ions, as is the case with spark spectra. 

SPECTRUM, ATOMIC. The sped mm of 
radiation emitted by an excited atom, (hie to 
changes within the atom; in contrast to radia- 
tion arising from changes in the condition of 
a molecule. Atomic spectra are charaeder- 
ized by more or less sharply defmed ^dines/^ 
corresjionding to ])ronounc(‘d maxima at c(‘r- 
tain frequencies or wavelengths, and r(‘])re- 
senting radiation (|uanta of definite eiu'rgy. 

SPECTRUM, BAND. The s])ectra of moh- 
cules consist of groujis or bands of closely 
spaced liiu's. 'These s]M'c1ra were initially un- 
r('solv(‘(l, and henc(' ealh'd bands in distinc- 
tion to the sharp spe(‘tral lines of atoms. The 
bands of most moh'eul(\s have now been re- 
solved into their separate liiu's. Hand spectra 
is the customary name for th(‘ sj)ectra of mole- 
cules. 

In nuclear physics, band speudra ar(' useful 
in determining nuclear .spin and statistics, 
and isotopic abundances. 

SPECTRUM, BETA-RAY. (1) The distribu- 
tion in energy or momentum of the /t-par- 
ticles (not including conv('r‘-ion electron'-) 
emitted in a ^-decay ])i-ocess. Th(' /?-ray 
s[)ectrum is al\^ays continuous up to a maxi- 
mum en(U’gy. Its shape di'pends upon the na- 
ture of the j)articiilar /?-decay process (2) 
Sometimes and looscdy, the energy sp('ctrum 
of the electrons emit teal by a radi(Kicihe 
source, irrespe(dive of tludr origin In addi- 
tion to the continuous s])ectrum of definition 
(1), it may show line's due to int(Tnai con- 
version or to Auger electrons. 

SPECTRUM, CHANNELED. A spoctnim 
in whicli there are interference bands, usually 
produced by the interaction of light rays ap- 
proximately one half wavelength apart in 
phase, as those resulting from reflection from 
parallel surfaces. 

SPECTRUM, CHARGE-TRANSFER. A 

term applied by Mullikan to spectra resulting 
from the transitions of an electron between a 
bonding and an antibonding orbital. 


SPECTRUM, COMPARISON. A spectrum 

used as a standard for comparison to other 
spectra ip spectrographic work, commonly by 
I)hotograi)liic methods. Because of the largo 
number of well-known line.s, the iron arc 
spectrum is very commonly used for a com- 
parison sjuadrum. Particularly w’ith prism 
spectrometers (lie accuracy of interpolation 
hetw(‘en tw'o lU'arby, knowm spcviral lines is 
far gTX'ater than could be obtained by the use 
of any gtmeral dispersion formula for deter- 
mining ihe w"ave](ngth of a >i(ertral line. 

SPECTRUM, CONTINUOUS. Light or any 
other radiation may have such conqiosition 
that, wduMi analyzed wdth a spectro.scope, it 
presents aj)par(‘nlly an unbroken continuity 
of wavedougth over a wide range. Sucli, for 
('xainpUy is the light from an ordinary lamp 
fil.anu'fit. Any incandescent solid, liquid, or 
gas under high jii’cssurc 'will radiate with a 
continuous .s])erlrum. Sunlight appears to 
ha\(‘ a continuous sjx'ctrum until analyzed 
carefully, Avlicn tin' contimious spc'ctnim is 
found to he crossed by a multitude of dark 
Fraunhofer lines, A continuous spectnim 
may (‘xti'ud without int(Tru])tion from the 
cxtn'iiK' infrai’cd to the ('xtrc'ine ultraviolet. 

SPECTRUM, CONTINUOUS, FOR PAR- 
TICLES. \ sp(‘ctrum exhihiiing a continu- 
ous variation in eru'rgy or momentum. 

SPECTRUM, DARK-LINE. A spectrum 

wdiicli contains sqjuo lines darker than otliers, 
or than a continuous spectrum background. 
(S(‘e Fraunhofer lines.) 

SPECTRUM, DIFFRACTION. The spec- 
trum ])roducrd by diffraction, as may be pro- 
duced by a diffraction grating. (See also 
spectrum, normal.) 

SPECTRUM, DISCONTINUOUS. A term 
sometinu'.s applied s[)pcifically to a combined 
band arul line spoctnim. (See spectrum, 
baud and spectrum, line.) 

SPECTRUM, DISCRETE. The same as 
spectrum, line. 

SPECTRUM, EMISSION. The spectrum 
(continuous, line or band) produced by ra- 
diation from any emitting source, as distin- 
guished from absorption spectra. (See spec- 
trum. absorption.) 


Spectrum, Explosion — Spectrum, Magnetic Resonance 


850 


SPECTRUM, EXPLOSION. A spectrum ob- 
tained by the explosion of a solid or liquid 
aubsiance, which shows lines of higher exci- 
tation states. 

SPECTRUM, FINE. The resolution of lines 
in atomic emission spectra, by high-i)owcr 
spectroscopes, into two or more fine lines situ- 
ated close together. The fine lines in atomic 
spectra arise from so-called term multiplici- 
ties, i.e., from transition between groups of 
liighcr, to groups of lower, levels, the levels 
comprising each group lying close together. 
Groups of close-lying levels arc obtained by 
coupling the orbital angular momentum vec- 
tor with the spin angular momentum vector 
of the atom in a variety of i)Ossible combina- 
tions. 

SPECTRUM, FLAME. A spectrum of a sub- 
stance obtained at the tem])erature of flame, 
commonly by maintaining a suj:)ply of the 
substance in the Bunsen flame. Because of 
the relatively low temperature and absence 
of high electrical potentials in most flames, 
flame spectra are best observed in relatively 
easily disassociated compounds, such as those 
of the first and second groups of the iieriodic 
tal)]e. 

SPECTRUM, FLASH. Pee flash spectrum. 

SPECTRUM, HYPERFINE. In the case of 
atomic emis^ion spectra, there is, in addition 
to the fine structure (see spectrum, fine) of 
the spectral lines attributable to term multi- 
plicities a hyperfine structure (fine lines very 
close together), which is atiributable to a 
number of causes, including among others tlie 
isotope effect and the effect of the spin of the 
atomic nucleus. This spin couples with the 
total angular or orbital momentum of the nu- 
cleus and yields a series of resulting vectors 
representative of closely-spaced energy levels. 

SPECTRUM, INFRARED. That region of 
the electromagnetic spectrum comprising ra- 
diations having wavelengths extending from 
the end of the visible red, at about 7.5 X 10”-® 
centimeters, to about 3 X 10 “ centimeters. 
The term infrared spectrum is also applied to 
a series of lines in this region obtained from 
a particular substance by resolution of its ra- 
diation, or by resoluMon of radiation trans- 
mitted through it, whereby dark lines are pro- 
duced by ab. '^rption. The latter is called an 
infrared absorption spectrum. 


SPECTRUM, INFRARED ABSORPTION 
(MOLECULAR). A 6i)ectrum produced by 
molecular absorption of radiations having 
wavelengths in the infrared region. These 
spectra depend, for their character and posi- 
tion, upon the energy changes involved, 
whether in vibrational energy, in rotational 
energy, or in combination. Their study fur- 
nishes considerable information about the 
groups and linkages in the molecule. 

SPECTRUM LEVEL, SOUND PRESSURE. 
See sound pressure spectrum level. 

SPECTRUM, LINE. (1) A spectrum pro- 
duced by radiation in vihich the energy values 
of the property being measured, such as en- 
ergy, mass, etc., cluster about one or more dis- 
crete values, in contrast with a continuous 
spectrum. A group of monoencrgctic ra lia- 
tions is the result of identical quantum transi- 
tions of identical emitting-systems. There 
may exist a spread of energies about a mean 
value, giving a finite line width to the spec- 
tral line. Moreover, the actual width of a 
spectral line is often in(T(‘a‘-ed still further 
by instrumental imperfections. (21 A con- 
ventional name for the speed ra of atoms as 
distinguished fnnn band spectra, the spectra 
of molecules. Actually both types of speedra 
consist of lines. 

SPECTRUM LOCUS. The locus of points 
reyiresenting tlie chromaticities of spectrally 
IMire stimuli in a chromalicity diagram. 

SPECTRUM, MAGNETIC. A term some- 
times applieel to particles (such as iron fil- 
ings) spread out in a magnetic field, and dis- 
tributed so as to show lines of force. 

SPECTRUM, MAGNETIC RESONANCE. 

Spectra produced by absorption or emission 
of energy, commonly in the radio frequency 
region, by molecules which change their mag- 
netic quantum numbers on absorption or emis- 
sion of quanta of radiowaves. These spectra 
may be producerl in a method developed by 
Babi in which a molecular beam is sent 
tlirough two inhomogeneous magnetic fields at 
right angles to it; between the two fields is a 
constant field, superimposed by a radiofre- 
quency field, the resonance between these last 
two fields determining the magnitude of split- 
ting of the energy levels. Other methods of 
observing magnetic resonance are similar in 
that they involve the superposition of a radio 
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frequency field on a steady or slowly varying 
magnetic field, about which the atoms process. 
(See Larmor precession.) 

SPECTRUM, MASS. A s[x*ctrum showing 
the distribution in mass or in mass-to-charge 
ratio of ionized atoms, molecules, or molecu- 
lar fragments. The mass spectrum of an ele- 
ment shows the relative abundances of tlie 
isotopes of the element. The mass spectnim 
of a comi)Oun(l is quite complicated and not 
easily related to the relative abundances of 
the various kinds of atoms and groups pres- 
ent; however, under given experimental con- 
ditions it is characteristic of the compound 
and often useful for identification and assay. 

SPECTRUM, MICROWAVE. A spectnim 
of wavelengths lying in the region lietween 
the far infrared and the conventional radio- 
frequency region. The boundaries of the 
microwave region have noi been definitely 
fixed, but it is commonly regarded as extend- 
ing from about 0 1 cm to 30 cm in wavelength, 
representing about <S octaves of the electro- 
magnetic spectrum 

SPECT RUM, MOLECULAR. The spectra of 
substances in the molecular state, like atomic 
spectra, arc really made up of lines, though 
they are inu(‘li more complicated. The tran- 
sitions in a molecule \Nhicli release the most 
eneigy (larg('st quanta) an* din* to electron 
changes, as in atoms, ami (lie results of these 
cliangcs are obsc'rved ns lines in tlie ultra- 
violet n'gion But there are other ways in 
which a molecule ean release or absorb en- 
ergy. Thus the eomponent atoms oscillate 
with reference to each other within the mole- 
cule, and this motion apparently is “(juan- 
tiz(*d,’’ i.e., change's abruptly from one state 
to another of difTerent energy. (See quantum 
theory.) But these “vil)rationar^ energy 
changes are much less than the electronic, so 
that the resulting quanta and spectrum linos 
are of much lower frequency, and appear in 
the extreme red or near infrared. Agnin, tlie 
molecule rotates, and the quantization of its 
rotational energy results in the emission of 
quanta of still lower frequency, appearing as 
lines in the far infrared. 

Atomic spectra (due to electronic transi- 
tions) are characterized by series of lines pro- 
gressively crowded together toward a ^^series 
limit.*^ This is due to a variety of possible 
transitions of successively greater energy. 


The same is true of the changes in molecular 
rotational energy, but here the differences be- 
tween the successive quantum energies are so 
very small and the lines arc thus crowded so 
close together that a whole series of them ap- 
pears merely as a *‘band,'' coming to a sharply 
defined edge on the low-frequency side and 
fading away gradually on the other side, or 
vice versa. Not only this, but the vibrational 
and electronic transitions are accompanied by 
rotational transitions, giving combined spectra 
which, on account of the close-grained char- 
acter eontribuied by the rotational coinpo- 
nent, is compose d of bands like the rotational 
hands themselves. 

Thus a molecular spectrum appears as an 
array of bands instead of distinct lines, but 
arranged, like linos, in groups and series. The 
study of these bands and their groupings has 
fiimis'rted much information as to the struc- 
ture and mtornMl mechanism of molecules. 

SPECTRUM, NORMAL. A term applied to 
ihe diffraction spectrum, bc*cause its disper- 
sion i« linear, which is not the case in a 
siiectrum obtained from a prism. 

SPECTRUM OF AN INCANDESCENT 
SOLID. In general, tlie spectrum of an in- 
candescent solid is a continuous spectrum (see 
spectrum, continuous) but not a black body 
spectrum. (Sec spectral energy distribu- 
tion.) 

SPECTRUM OF THERMAL VIBRATIONS 
OF A SOLID (PHONON SPECTRUM). 

One of Uic iirime problems of lattice dynamics 
ib to Cbtalilish the spectrum of the vibrational 
modes of crystals The simplest approxima- 
tion is that of Debvc, who treated the crjr'stal 
as a eontinuum, the atomicity being intro- 
duced by ‘'cutting off” the distribution at a 
jioint where the number of modes equalled 
the number of degrees of freedom, SN. This 
was improved by Boiti and von Karman, who 
showed that there should be a cut off at a 
definite wave-number, the same for each of 
the different modes of polarization, and hence 
corresnonding to different maximum frequen- 
cies for longitudinal and transverse modes. 
More detailed calculations, based on assumed 
interatomic force constants, have confirmed 
this general form of spectnim hut no simple 
representation can be found. The spectrum 
fixes the specific heat as a function of tem- 
perature, and also such properties as thermal 
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conductivity, infrared and Raman spectra, 
etc. 

SPECTRUM, PERSISTENT. The spectrum 
of a substance which results from the most 
moderate excitation. The most yx'rsistent of 
the line.s have been called raics ultimes. 

SPECTRUM, PRIMARY. The first-order 
spectrum produced by a diffraction grating. 

SPECTRUM, RAMAN. A spc'ctrnm obtained 
by illuminating a substance willi radiation, 
and obtaining from tin* radiations scattered 
at right angles a sjiectnnn of tliose fn'cpiencics 
difTering from the incident radiation. (See 
also Raman effect.) 

SPECTRUM, REVERSAL. A sped mm 
which contains -^onie lines darker than others, 
or than a continuous spectrum background. 
(Sec Fraunhofer lines.) 

SPECTRUM, ROENTGEN. See spectrum, 
x-ray. 

SPECTRUM, RESONANCE. A sped rum 
excited by the interaction with a substance 
(usually a molecular gas) of radiation of a 
definite frequency or fre(]ii(‘nci(\N "J"hus in 
the early work, Wood stiidii'd the tiuorescimee 
of various molecular gases (e.g.. Na^ vapor) 
by exciting tlieir resonance spectra by one of 
the intense lines of a merciny lami) or cad- 
mium lamp. lie found that only a single 
jirogression appears in this fluorescence spcc- 
tnini, and not all the hands ot the s\stem, as 
resulting from excitation by \^hit(‘ light. By 
excitation with another wavelength, in gen- 
eral, anotlier series is obtained Investigat- 
ing the fine structure of such fluorescence 
bands, excited by a single line, AVood found 
them to consist, in general, of only a few 
lines. In the ideal case, when tlie illuminat- 
ing line covers only a ‘-ingle al)>orf)tion line, 
the “bands” consist eit’.ier of only two lines, 
whose separation is aiiproximaiely the same 
for the different hands, or sometimes of only 
a single line. Such series of “bands” are 
called resonance sciies; a sju'ctrum excited in 
the way described is called a resonance spcc- 
tmm. 

With the advent of quantum theory, it be- 
came clear that the msonarice s])ectrum re- 
sults from the excitatma of an atom from its 
ground state io an excited state by the ab- 
sorption of n.Jiation, and the subsequent 


emission of light during the return of the 
atom to the ground state. 

SPECTRUM, SPARK. A spectrum produced 
by the I)a^sage of an electrical discharge, 
i.c., an electrical spark, commonly through a 
gas or vapor. (Sjiark discharges from metal- 
lic (dectrofles, at suitable potential, yield the 
s])ark spectra of the metallic vapors.) Varia- 
tion of the applit'd potential has been found 
to change the character of the sy)ark sj)ectra 
ol)tain(*d; the new scries of lines observed at 
definite values of increasing potential are des- 
ignated respcctiv('ly as the first spark spec- 
trum, the second spark spectrum, etc., those 
of higher numbers consisting of shorter wave- 
lengtlis. Tliese sneressive spectra rc])rosent 
progiessive stages in the ionization of the 
atoms emitting them. (See also spectrum, 
arc. ) 

SPECTRUM, ULTRAVIOLET. Tlu ])ortion 
ol the ('l(‘(*t r()magn(‘tic spectrum that begins 
at the end of the violet portion of the visible 
^p(‘ctrum, at a w^avelength of about 8000 
1000 Angstrom units, and consist^ of the ra- 
dmtions of (h'crc'using wave Ic'Ugth (‘\^(‘nding 
down towaird the x-ray region to a w^ave 
length of about 2(X) Angstreim units 

SPECTRUM, X-RAY. See characteristic 
x-rays; continuous x-rays; crystal analysis; 
Mosely law. 

SPECULAR TRANSMITTANCE. See trans- 
mittance. 

SPECULUM METAL. An alloy of tin 
) and eo|)per, capable of taking a very 
high f)olish. Especially used for reflection 
gratings. 

SPEECH CUPPING. Th(' clipping of pe ak 
speech signals (peak clipinng) or the reduc- 
tion of w'eaker s|K'ech signals to zero (center 
clijqnng) ill intelligibility tests. 

SPEECH INVERTER. Sec scrambler cir- 
cuit; secrecy systems; and inverted speech. 

SPEECH POWER, AVERAGE. The aver- 
age sjiei'ch power for any given time interval 
is the average value for the instantaneous 
speech jiower (see speech power, instantane- 
ous) over that interval. 

SPEECH POWER, INSTANTANEOUS. 
The rate at which sound energy is being ra- 
diated by a &i)ecch source at any given instant. 
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SPEECH POWER, PEAK. The maxinmm 
value of the instantaneous speech power (see 
speech power, instantaneous) witliin the time 
interval considered. 

SPEECH SCRAMBLER. See scrambler cir- 
cuit; secrecy systems; and inverted speech. 

SPEED. The magnitude of the vector veloc- 
ity. vSpeed is a scalar quantity and is ex- 
pressed in units of length divided by time. 

SPEED, CRITICAL. The rotating jiaits of 
machines, such as sliafts, armatures, etc., sel- 
dom have their iiiass(\s distribiitt'd perfectly 
symmetrically about the axis of rotation. 
Hence centrifugal forces act on the mas^; they 
are always in such a direction that ihey in- 
crease any asymmetry that may be pre'-ent. 
The shaft, tlierefore, bends and this Ixaiding 
is opposed liy elastic forces ^^illli^ the mate- 
rial. The presenei* of inertia and oj rc‘s(or- 
ing elastic forces insniT's thal the shaft sliall 
he an oscillator (2) with oiu* or more leso- 
iiance frecjiiencies. As th(‘ sjieed is increased 
to tlie lowest resonance frequency, the amjdi- 
tnde of vibration hecoriK's larger and it in;iy 
reach a dangerously large value if th(‘ damp- 
ing is small (see oscillation, forced). The 
speed at whicli this occurs is callc(| the (‘riti- 
cal si)e(al. Above tlie ent ical s])opd a state 
of ('(]nilibrium may again lie attaiiu’d in whidi 
th(' body vii’tiially rotate^ al)Out its mass c(‘n- 
tcr. Second, third, and fourth ci-itical sp(HMls 
arc also {lo^^ibh^ but tlie ainpbtnd(‘s of the 
shaft vibration are pr()gr(‘ss]^ (‘ly h'ss 

SPEED OF RESPONSE. Sea time constant; 
dead time lag. 

SPHERE. See spherical surface. 

SPHERE OF ATTRACTION OF MOLEC- 
ULAR FORCES. The dislaiice within which 
the mutual attraction of llie nu)lecul(*s begins 
to have a “noticeable value “ 

SPHERE PHOTOMETER (INTEGRATING 
SPHERE PHOTOMETER). In on ha to 

measure the total light flux from a lamp, the 
intensity in each different direction would 
need to be measured. Tlow'cver, by ])uiting 
the lamp near the center of a liollow' sjibere 
with perfectly diffusing wdiite walls, the meas- 
urement of the intensity at one small window 
in the wall of the sphere is a measure of the 
total flux. 


SPHERICAL ABERRATION. Exact calcu- 
lation shows that a perfectly spherical sur- 
face, either reflecting or refracting, can never 
form a iierfecl image of a finite object. This 
defect, being caused by the geometry of a 
spherical siiifacc, is hence called spherical 
aberration. The rays of light w hicli make the 
largest angle wdth the optical axis wdll be the 
ino'-d influenced by this defect. Spherical 
aberration may ho redueed by use of aspheric 
surfaces or, in the case of miilliple element 
systcius, by linviug th(' errors inhen^it to tim 
diff(‘rent sni’faces counteract each other. The 
reduction of sjdicricrd ahtTration to an ac- 
cej)tahle amount is one of the first problems 
of th(^ optical designer. 

SPHERICAL ABERRATION, LATERAL. 
Se(‘ lateral spherical aberration. 

SPIIERICAT. ABERRATION, LONGITUDI- 
NAL. See longiliidinal spherical aberration. 

SPHERIC AL-FARTII FACTOR. The ratio 
of the electric field strength that w'oiild result 
from propagation ov(‘r an imperfectly-con- 
ducting sphcri(*al eartli to that wdiicli would 
result Irom pj'opagation over a perfectly-con- 
ducting [>lane. 

SPHERICAL lURMONICS. Se e harmonic. 

SPHERICAL POLAR COORDINATE. A 
curvilinear coordinate system. Its jiaramctcrs 
ar(': (I ) the radius vector r from an origin or 
pole to the point; (2) the cola tit ude 6, an 
angle made by r and a fixed axis, the polar 
axi^; (d) the longitiuh* made by the plane 
of 6 with a fixed plane thi*()iigh the polar axis, 
calk'd tl»(' uK'ridian plant* Tfie coordinate 
.surfaces are: Cl) conct'iitrie splierical surfaces 
about th(' origin, r ~ const.; (2) right circu- 
lar conical surfaces wdth a[)ex at the origin 
ami axi- along tlie Z-axis, 0 — const.; (3) 
plant*"- from (In' Z-axis. (/> - const. The range 
t)f the varialiles is O^^r-^oo; 

- 27r. In terms t)f a right-handed rec- 
tangular svNtem wdtli flic same Origin 

.r = r sin B cos </>; 

y - r sin B sin 0; B = cot““^ -f 

z r cos B] 0 = tan""^ y^x 

Synonymous toiTns are spherical coordi- 
nates or polar coordinates in space. If ^ = 
7r/2, the point lies in the .YT-plane and if the 
longitude 0 is then called as is customary, 
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the system becomes that of polar coordinates 
in a plane. 

SPHERICAL SURFACE. A surface all 

points of wliich arc at a fixed distance, the 
radius, from a fixed point, the center. The 
tenn sphere is frequently used for this sur- 
face but it more properly means a solid 
bounded by a spherical surface. 

In rectangular coordinates its general equa- 
tion is 

+ + + Gt + II y + Kz + L - 0 

but if the center is taken at the origin of the 
coordinate system, the eciualion IxH-omes 

X + y + 2 = r 

where r is the radius of 1h(' s[)h('re. 

SPHERICAL WAVE. See wave, spl|crical. 

SPHEROID. See ellipsoid. 

SPHEROIDAL COORDINATE. A dt g( n- 
erate system of curvilinear coordinates ol)- 
tained from ellipsoidal coordinates when two 
axes of (he (juadne are ecjual m li'ngth. There 
arc two si)ecial eases: oblate and prolate 
spheroidal coordinates. 

SPHEROMETER. A ineaMiring instrument 
used to determine tlio curvature of a spherical 
surface. The fJeneva l^ens (bulge consists of 
two fixed legs and a central movable l(*g which 
activates a dial gauge, and naids directly in 
diopters. Allot hiT tyjn* consists of a ring, 
which rests on the surface to be measured, 
and a central ])in whicli indicates tlie curva- 
ture. Still another type has tbrc'c fixed legs 
and a central, movable leg. 

SPIDER. The highly-flexible perforated disk 
used to center the moving coil of a dynamic 
microphone or loudspeaker in the magnetic 
gap, without restricting its travel in and out 
of the gap. 

SPIDER-WEB ANTENNA. See antenna, 
spider-web. 

SPIN. To rotate about an axis. The term 
finds particular application in atomic and nu- 
clear physics, where it is used to describe tlie 
angular momentum of elementary particles 
or of nuclei. It has l^ecn found that all such 
]iarti(*les possess intrinsic angular momentum 
of amount ^.V2 where n is a small integer 
and h is the Dirac ft. Their projiertica de- 


pend strongly on the magnitude of n. (Sec 
fermion, boson, quantum statistics.) 

SPIN-DEPENDENT FORCE. Force be- 
tween two particles which dejienils on their 
relative spin orientations and possibly on 
their spin directions relative to the line join- 
ing the particles. Physi<'al basis could be 
the interaction between the magnetic moments 
of the particles, or in the case of nuclear 
forces, to the exchange of 7r-mcsons between 
the nucleons. 

SPIN, NUCLEAR. The total angular mo- 
mentum of the atomic nucleus, when it is con- 
sider(‘d as a single iiai'ticle. 

SPIN QUANTUM NUMBER, ISOBARIC. 
See quantum number, isobaric spin. 

SPINOR. It can be shown that the three- 
flimensional rotation group is isomorphic with 
a t\\ o-dimensional unitary group, but two 
malrix representations of tiic latter apjdy to 
every matrix of the former grou]). The ab- 
stract s])acc doseribi'd by tli(‘ unitary matric(*s 
is called spin space' ;ind a vector, hoving iwo 
eomiionciit- in this spf^oe, is a spinor first 
order A dyadic in spin '-])a(a' is a spinor of 
Roeoiid order. Such ({uantiti^'s, as suggested 
by their name, are usx'ful in the quantum 
iiK'cbanies of [^artii'li' spin. 

SPINTHARISCOPE, An instrument; in which 
.scintillations an' visually observed or counti'd 
through a magnifying lens system. 

SPIRAI. SCANNING. See scanning, spiral. 

SPLASH RING. A shield placed in some 
mercury-pool cathode tubes, such as the igni- 
troii, to ]UTV(‘nt splashing of mercury onto 
the other electrodes 

SPLIT-ANODE MAGNETRON. See mag- 
netron, split-anode. 

SPLIT HYDROPHONE. See hydrophone, 
split. 

SPLIT PROJECTOR. See projector, split. 

SPONTANEOUS. Occurring by virtue of in- 
herent properti(‘s or energy as distinguished 
from processes carried out by deliberate ap- 
plication of external agency, as spontaneous 
evaporation, combustion, oxidation, etc. 

SPORADIC E LAYER. See ionosphere. 
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SPORADIC REFLECTIONS. See iono- 
sphere; and abnormal reflections. 

SPOT. (1) The area instantaneously af- 
fected by the impact of an electron beam in 
a cathode ray tube. (2) One of the exposed 
regions on a Laue photograph. 

SPRAY POINTS. A row of sharp points 
charged to a high d-c potential, the purpose 
of which is to charge and discharge the con- 
veyor belt in a Van de Graaff generator. 

SPREADING COEFFICIENT. A thermo- 
dynamic expression for tlie work done in the 
hpreading of one liquid on another. It is the 
difl’crence between the work of adhesion Ix;- 
tween the two liquids and the work of cohe- 
sion of the liquid spreading, which may be 
cxi)rcsscd l^y the equation 

Fg = 7 /; — 7 1 — 7 1 « 

where Fg is the spreading c()(‘fricicnt, yn is the 
.surface tension of llie stationary lifpiid, yi is 
the sui’faec tension of the spreading lic|iiid, 
and y\n is the interfacial tension between the 
liquids. 

SPREADING RESISTANCE. That part of 
tlie resistance of a point contact rectifier due 
to the bulk semieonducting material. 

SPREADING, WORK OF. See spreading 
coefficient. 

^‘SPROCKET TUNING.” See magnetron, 
tuneable, method of tuning. 

SPURIOUS PULSE MODE. See pulse 
mode, .spurious. 

SPURIOUS RADIATION. Any radiation 
from a transmitter other than that produced 
by the carrier and its normal sidebands. A 
radiated harmonic of the carrier is one exam- 
ple of a spurious radiation. 

SPURIOUS RESPONSE. Output from a re- 
ceiver due to a signal or signals having fre- 
quencies other than that to which the receiver 
is tuned. See image response as an example. 

SPURIOUS TUBE COUNTS (IN RADIA- 
TION COUNTER TUBES). Counts in ra- 
diation counter tubes other than background 
counts and those caused by the source meas- 
ured. Spurious counts are caused by failure 
of the quenching process, electrical leakage, 


and the like. Spurious counts may seriously 
affect measurement of background counts. 

SPUTTER. In a gas discharge, material is 
removed, as though by evaporation, from the 
electrodes, even though they remain cold. 
This phenomenon is known as sputtering. 
The term is also used for the corresponding 
phenomenon wdien the discharge is through 
a li(iuid. In the first case, sputtering is a 
nuisance that limits the life of a device; in 
the second case, it is put to work to make 
colloidal solutions of metals. 

SPUTTERING. A result of the disintegration 
of the metal cathode in a vacuum tube due 
to bombardment by positive ions. Atoms of 
the metal arc ejected m various clirections, 
leaving the cathode surface in an abraded and 
roughened condition. The ejected atoms 
alighUupon and cling finnly to the tube w'’alls 
and otlier adjecemt siirfacvs, forming a black- 
ish or lustrous metallic film. This cff(*ct is 
often utilized to form very fine-grained coat- 
ings of m(dal upon surfaces of glass, quartz, 
etc., puri)osely exposed to the sputtering. 
Films of diffc'rent metals can he obtained by 
using cathode's made of the^e metals. Glass 
plates may be thus silvered, or suspension 
fibers of spun (juartz rendeicd conducting for 
use in electromotors, etc. 

SQUALL. A Slide len, strong wind which may 
or may not be accompanieel by a wind shift. 
Rain and snow se]iialls are showers accom- 
panied by strong gusts 

SQUALL LINE. Thunderstorms, rain sliow’^- 
ers or squalls, and snow showers or squalls 
often appear in a long line sometimes reach- 
ing hundreds of mih's hut only one squall in 
de])th. Such linos of squalls or squall lines 
normally mo\e perpendicular to tlieir lead- 
ing edge. 

SQUARE FOOT UNIT OF ABSORPTION. 
See sabin. 

SQUARE LAW DEMODULATOR. See de- 
modulator, square-law. 

SQUARE WAVE. A wave which alternately 
as.sumes two fixed values for equal lengtlis of 
time, the time of transition being negligible 
in comparison with the duration of each fixed 
value. 

A square wave requires a considerable num- 
ber of sine-function frequencies to express it. 
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Tiicse components are not mere mathematical 
fictions but are true electrical components in 
the cas(‘ of an (‘lectric wave. They may be 
separated and examined by means of proper 
filter circuits. Since a sciuare wave will con- 
tain a long series of freciueiicies it may be 
used for rapidly determining; the fre(piency 
response of a piece of eiiuipinent by applying 
the wave to the injnit and noting the distor- 
tion of the output ^^ave. The distortion is 
due to certain frequencies of the original wave 
being attenuated or amjilifiod out of propor- 
tion in passing through the circuit Thus the 
necessity of making a laborious scries of tests 
at various frequencies using siiu' waves is 
avoided. When an ojicralor 1*^ properly 
trained in interpreting the results of such tc'-t- 
ing, it offers a rai)id moans of clu'cking am- 
plifiers, networks, etc 'riie'^e s(juare waves 
may be generated by a variidy of el(*f ironic 
circuits. 

SQUELCH. To automatically (piiet a re- 
ceiver by H'diieing its gain in r(‘^])onse to a 
sjiecified characteristic of (he injiut 

SQUIRREL-CAGE MOTOR. See* motor, 
electric. 

STABLE. S(‘e stability. 

STABLE (OF AN ATOMIC OR NUCLEAR 
SYSTEM). Incajiablc of siioiitaiieous changes; 
thus a stable nuclide is one (hat is not radio- 
active. The (erm is sometimes applied to 
nuclides for which radioactive transfonna- 
tions would b(' energetically possible, Init are 
so highly forbidden as to result in radioac- 
tivity too fet'blc (o detect by currently avail- 
able techniques; finis nuclides with lifetimes 
exceeding id xml 10^^ to 10^'^ yr would lie con- 
sidered stable at present. 'Idie term may be 
qualified to indicate incapability of a speci- 
fied mode of spontaneous cliange; for exam- 
ple, /?-stablo iiK'ans incapable of ordinaiy 
p-disintegration, alt hough possibly capable 
of a-disintegration, double- p disintegration, 
isomeric transition, or spontaneous fission. 

STABLE EQUILIBRIUM OF FLOATING 
BODY. A floating body is in stable or un- 
stable equilibrium as the metacenter is .above 
or below the center of gravity. 

STABLE ORBIT (BETATRON, SYNCHRO- 
TRON). Th. : circle of constant radius de- 
scribed by acv^elcrated particles. 


STABILITY. In general, the tendency to re- 
main in a given state or condition, without 
si)ontancous change; and thus that attribute 
of a system which enables it to develop re- 
storing forces betw^een its elements, equal to 
or greater than the disturbing forcc*^, so as to 
restore a state of equilibrium between the 
elements. Thus, a body of air is in a stable 
state if, w'hen displaced somewhat from its 
original [losition, it tends to return thereto. 
A chemical compound is said to be stable if 
it is not readily decomposed. Tn electricity 
and electronics, stability denotes the con- 
stancy of various characteristics of equip- 
ment; in negative feedback systems, the 
term means freedom from oscillatory tend- 
encies. (See stable [of an atomic or nuclear 
system]; stable orbit; equilibrium of forces; 
least energy principle; buoyancy; stability, 
mechanical.) 

STABILITY, CONDITIONAL. A condition 
of a negative feedback system wiiich causes 
it to be stable fnon-oseillatiiig) for certain 
values of gain, and unstable for otluT values. 

STABILITY FAGTOR. In a transistor cir- 
cuit, the ratio of the change m collector cur- 
rent to the change in /,„ (d-e eulleclor cmreid 
for zero emitter current). In many circuits, 
this ratio is considerably great (*r tlian one, 
causing large changes in collector current as 
a function of ternjierature, due to the large 
temperature coefficient of 
for germanium). 

STABILITY, FREQUENGY. This term is 
commonly used to denote the accuracy with 
which the carricT frequency of a radio trans- 
mitter maintains a constant value. Various 
methods are used to improve this, among them 
being ciyslal control of the oscillator, electron 
coupliiig of the oscillator, high Q, tuned cir- 
cuits, ( to. (Sec also frequency deviation.) 

STABILITY, MEGHANIGAL. A term for 
that pi ojierty of a body wliich will cause it to 
de\elop forces in opjiosition to any position 
or motion disturbing influence. The subject 
may be divided into static stability and dy- 
namic stability. The former is concerned with 
the production of the restoring forces, the 
latter with the oscillations that are set up in 
the system as a result of the restoring forces. 

Another classification is into (1) positive 
stability wdien the displaced object returns to 
an initial state of cquilibrimn after a tern- 
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porary disturbance, (2) neutral stability when 
the object tends to remain in a definite posi- 
tion but when disturbed may come to rest in 
a new position, (3) negative sfabilily (i.e., 
instability), when the object assumes an en- 
tirely new position when disturbed from its 
initial state. A simple damped pendulum 
illustrates the first; a sphere the second; while 
a slender cylinder standing vertically on end 
is a case of negative .'stability. 

Let it be assumed lhat an object at rest or 
in a state of uniform motion receivers a dis- 
turbing force. Dcj^ending on the kind of 
stability possessed, it might react with one of 
the motions shown in the accompanying 
figure. If it is dynamically stable as well as 
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statically stable, its motion-time history may 
be one of diminishhig oscillation or of simple 
sub'-idence, depending on the magnitude of 
damping, and inertial efi’eets. Dynamic' in- 
stability may occur uith eitlu'r static stability 
or static instability. These lead to divergent 
oscillation, or to complete divergence. 

STABILIVOLT. A special type of gas-dis- 
charge tube used as a voltage stabilizer oi 
regulator. 

STABILIZED FEEDBACK. The name 
sometimes ai)]died to negative feedback. 

STACKING FAULT. A dc'xdation from the 
correct order of slacking of the atomic planes 
in the construction of a face-centered cubic 
or hexagonal close-packed lattice. 

STAGE EFFICIENCY. The ratio of useful 
power delivered to the load (alternating cur- 
rent) to the plate power ininit (direct cur- 
rent) . 

STAGGERED TUNING. In superhetero- 
dyne receivers, the peaking or resonating of 
each of the tuned circuits in an intermediate- 
fre(|uency system to different frequencies. 
This is done to achieve a broad response. 


STAGNATION POINT, FLUID FLOW. In 

inviscid flow, a point, usually on a bounding 
surface, at which the fluid velocity is zero 
with respect to the boundary. The flow 
around bodies of simple form (a sphere or a 
streamline body) has a forward and a rear 
stagnation poinl. A stagnation point in vis- 
cous flow may be defined as any jioint at 
which M .streamline intersects either a bound- 
ary or another streamline. 

STAGNATION PRESSURE. The pressure 
at a stagnation point in the flow. In effec- 
tively inviscid and irrotational flow, the 
Bernonilli theorem shows that the stagnation 
presmire is equal to the total head (sec head, 
total) which is everywhere the same. 

STAIRCASE GENERATOR. A generator 
whos(‘ out|)iit, as displayed on a linear time- 
base, *o^cilloscoi)e jiresentalion, has the ap- 
pearance of a staii'case. 

STAI.AGMOMETER. An ajiparatiis for the 
iiH'a'-uremc'ul of .surface tcn.sion by the drop- 
weight method. (See surface tension, meA- 
ods of measurement.) 

STAMPER, The negative image, usually 
ehrome-plaled for hardness, made from a 
ma'-ter, which is used to make a phonograph 
record ])ressing 

STANDARD CABLE. A theoretical cable 
used as a reference for sjiecifying transmis- 
''lon looses. I( lias a linear ries resistance 
of S8 ohms ])(*r mile, a linear shunt capaci- 
t.'incc of 0.051 microfarads per mile with no 
inductance or shunt conductance. 

STANDARD CELL. See cell, standard. 

STANDARD CONDITIONS. For a gas, a 
temperature of O^C (.S'J'^F) and a pressure 
of I starulard atmosphere (see atmo.sphere, 
standard (1)). For a solid element, the allo- 
tropic form in which it imist commonly occurs, 
and at ordinary temperatures, and at one 
atmosphere jiressure. 

STANDARD DEVIATION. The root-mean- 
squarc value of the deviations of a series of n 
like quantities from their mean, X. It is 
given l)y 
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If the quantities Xj are distributed according 
to a Gaussian error function, the standard 
deviation bears a simple relationship to tlie 
average deviation and to the probable error. 

STANDARD ENTROPY. See entropy, stand- 
ard. 

STANDARD ENTROPY OF IONS. See 
ion(s), standard entropy of. 

STANDARD FREE ENERGY INCREASE. 

Often referred to as standard free energy. 
The increase in Gibbs free energy (sec free 
energy (1)1 wlum the reactants in a chemical 
change, all in their standard states (eg, unit 
concentration, or at one atmosphere pressure) 
are converted into the products in their stand- 
ard states. Given by 

A(7® - ~A*r hi A', 

where i? is the gas constant, T, the absolute 
temperature, A, the equilibrium constant. 
(See aKo free energy change.) 

STANDARD FREE ENERGY OF IONS. See 
ions, standard free energy of. 

STANDARD HEAT OF FORMATION. The 

heat required to form one mole of a com- 
pound from its elements in their standard 
state. The standard states for liquids and 
solids are usually taken as the stalile forms 
at the atmosj'»heric temiieraturc and a pres- 
sure of 1 atmosphere. 

STANDARD PITCH. See pitch, standard. 

STANDARD OR UNIT PLANE. The crys- 
tallographic plane which has the Miller in- 
dices (111). 

STANDARD PROPAGATION. See propaga- 
tion, standard. 

STANDARD STATE. The stable form of a 
substance at unit activity. The stable state 
for each substance of a gaseous system is the 
ideal gas at 1 atmosphere jiressure; for a solu- 
tion it is taken at unit mole fraction; and for 
a solid or liquid element it is taken at 1 at- 
mosphere pressure and ordinary temperature. 

STANDARD TELEVISION SIGNAL. See 
signal, standard television. 

STANDARD VOLUME. The volume of one 
mole of a siih'.tan(‘e, in the fonn of a gas at 
a temperature of 0®C, and a pressure of 1 


standard atmosphere (see atmosphere, stand- 
ard (1)). 

STANDARD VOLUME INDICATOR. A 

device for the indication of volume having the 
characteristics prescribed in the specification 
of the American Standards Association, ABA- 
CI 6.5. (See also volume indicator.) 

STANDING CURRENT. Synonym for qui- 
escent current. 

STANDING WAVE. See %vave, standing. 

STANDING-WAVE INDICATOR. A travel- 
ing detector. (vScc delector, traveling.) 

STANDING-WAVE LOSS FACTOR. The 
ratio of the transmission loss in an unmatcherl 
waveguide to that in the same waveguide 
when matched. 

STANDING-WAVE PRODUCER. A mov- 
able probe inlrodueed into a slotted wave- 
guide to produce a recpiired standing-wave 
pattern, usually for test pm poses. 

STANDING-WAVE RATIO. Any trtyi^mis- 
sion line such as a waveguide or an acoustic 
transmission system, unless terminated by its 
characteristic impedance, will exhibit a supor- 
position of standing and progressive waves. 
The standing wave ratio is a measure of the 
relative amjilitudes of the two types of wave 
and is defined as the ratio of the maximum 
amiilitude of pressure (or voltage) to the imni- 
muin amplitude of pn'ssun' (or voltage) meas- 
ured along the path of the waves. Thus, at a 
given frequency in a uniform waveguide (see 
waveguide, uniform) the standing- wave ratio 
is the ratio of the maximum to tlic minimum 
amplitudes of corresponding components of 
the fielt (or the voltage or current) along the 
waveguide in the direction of propagation. 
Alternatively, the standing w^ave ratio may 
be expressed as the reciprocal of the ratio 
defined above. 

STAR (NUCLEAR). A group of tracks due 
to ionizing particles originating at a common 
point, citlier in a nuclear emulsion or in a 
cloud chamber, so named because of its ap- 
pearance. Some stars arc produced by suc- 
cessive disintegrations of an atom in a radio- 
active series; others, by nuclear reactions of 
the spallation type, for example, by cosmic- 
ray particles. 
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STAR CONNECTION. This is the connec- 
tion of the various phases of an a-c machine 
or circuit in which one end of all phases is 
connected to a common point, the other end of 
each phase going to a line. The Y is the three- 
phase star and is the most common example 
of this type connection. 

STAR NETWORK. See network, star. 

STAR RECTIFIER. See rectifier, star. 

STARK EFFECT. The effect of a strong, 
transverse electric field upon the spectrum 
lines of a gas subjected to its influence. In 
many respects it resembles the more com- 
plicated types of Zeeman effect, but is subject 
to different laws, and may change radically in 
character and in multiplicity of component 
lines with increasing field intensity. The phe- 
nomenon, first observed by Stark in 1913, is 
conveniently studied by means of a canal- 
ray tube having behind the cathode a third 
electrode which may be given a high positi\e 
potential, in order to imj)ose the desired field 
upon the radiating canal-ray particles. 

STARK-EINSTEIN EQUATION. This ecpia- 
tion, which is based on the Stark-Einstein law, 
gives th(‘ amount of energy absor))cd in a 
photochemical reaction. It is of the form 

E = Nhv 

in wdiich E is the amount of energy absorbed 
by one mole reacting, N is the Avogadro con- 
stant, h is the Planck constant and v is the fre- 
quency of the radiation. Since N and h are 
constants, E is a fimelion only of the fre- 
queney. This quantity E for a given wave- 
length is frequently referred to as one cinstein 
unit of radiation. 

STARK-EINSTEIN LAW. Each molecule 
taking pai’t. in a chemical reaction induced 
by exposure to light absorbs one quantum 
of the radiation causing the reaction. 

STARK-LUNELUND EFFECT. The polar- 
ization of light emitted by a beam of moving 
atoms in the absejnee of a field 

STARTER (OF A GLOW-DISCHARGE 
COLD-CATHODE TUBE). An auxiliary 
electrode used to initiate conduction. 

STARTER BREAKDOWN VOLTAGE (OF 
A GLOW-DISCHARGE COLD-CATHODE 
TUBE). The starter voltage required to cause 
conduction across the starter gap with all 


other tube elements held at cathode potential 
before breakdown. 

STARTER GAP (OF A GLOW-DISCHARGE 
COLD CATHODE TUBE). The conduction 
path between a starter and the other electrode 
to which starting voltage is applied. 

STARTER VOLTAGE DROP (OF A GLOW- 
DISCHARGE COLD-CATHODE TUBE). 

The staiter-gap voltage drop after conduc- 
tion is established in the starter gap. 

STAT-. A prefix used to indicate that elec- 
trical quantities are expressed in the electro- 
static system of units. This prefix is em- 
ployed before the names of units in the prac- 
tical system, e g., statvolt, statoersted. (See 
esu system of units; INTRODUCTION.) 

STATE. In its fundamental connotation, this 
term refers to the condition of a substance, as 
its state of aggregalion, which may be solid, 
liquid, or gaseous — massive or dispersed. As 
extended to a particle, the state may denote 
its condition of oxidation, as the state of 
oxidation of an atom, or the energy level, as 
the orbital of an electron, or in fact, the en- 
ergy level of any particle. 

STATE(S) OF MATTER. The solid, the 
lupiid and the gaseous state which for any 
pure substance, are (ietermined by two varia- 
bles, toin})craturc and probsure, with the den- 
sity as a third, related variable. If the tem- 
perature and pressure are under complete con- 
tiol, it is possible to pass from any one to any 
oilier of the three states, either directly by a 
.single transition, or by passing through the 
third state with I wo transitions. This will he 
clear from the accompanying phase diagram. 



Temprratinc-prcssure curves for substance like water. 
C represents the critical stale, T the three-phase equi- 
librium i)oint 

which represents the temperature-pressure 
equilibrium curv’es, for a substance converg- 
ing at the three-phase equilibrium or ^^triple 
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point^^ T, (It is understood tliat each phase 
of the substance is to be strictly pure; for 
example, no air is to be mixed with the vapor.) 
Thus, if a mass of pure ice were kept com- 
pletely enclosed by itself at a fixed pressure 
below 4.6 mill (its “triple j)C)int'’J, and its 
temperature rai.sed, it would turn directly into 
vapor at the sublimation point aS; but if the 
pressure excec'ded 4.6 mm, the ice would first 
become liquid at the melting point M, and the 
water would then vaporize at the boiling point 

corresponding to the existing pressure. The 
volume of the enclosure would, of course* have 
to be varied to kc'cp the jiressure constant dur- 
ing these changes. 

When the temperature has exceeded the 
critical iemjierature t,. (see critical state), 
neither the solid nor tlie 1i(|uid phasi* can eon- 
tiniie to exi>t, ('\('n with increased ])r(‘'-sure. 
The liquid-va]>or curve must h(* eonsidcred as 
terminating at (\ since it ])ertains’ specifically 
to two ])hascs in cquilihrium, while beyond 
the point (! the substance does not exhibit 
two phases. I'he one apparently homogeneous 
phase now' remaining is said to be a true 
“gas.” 

STATE, STEADY. A eondition of dynamic 
balance, as in an equilibrium read ion, where 
at equilibrium the (‘oiio(‘nl ration of each of 
the rc*aclants remains eon.stanl. Tn such (‘ases 
the loss of reactants to fonu products just 
balances the formation of reactants from the 
]irodnct.s in the reverse la'actioii. A pliysical 
system is said to he in a st(‘ady state if the 
various (]uan(ities describing (lie system arc 
either independent of time or are periodic 
functions of time. Thus an alternating cur- 
rent circuit is in a steady state after all tran- 
sient ciTects of a di.sturhanee have disap- 
l^earod. 

STATE VECTOR. Vector in Ililbcrt space 

describing the state of a dynamical syvstcm, 
j)arlicAilarly in (]\iantized field theory. (See 
field theory, quantized.) 

Thus having .specified all pos.siblo momen- 
tum states of tlie various particles wdiieh may 
be present, the slate vc'ctor may prescribe 
w’hich of these states are oeeupiod, and by 
how many particles, in a given physical situa- 
tion. 

STATIC. The name co mmonly applied to all 
Ihe various random electrical disturbances 
W’hich arc pn^ied up by a radio receiver. 


These can be divided into two general classes, 
natural and man-made static. The first is 
caused by various types of natural electrical 
discharges, the most pronounced being those 
of lightning. However, a static-producing 
discharge is not necessarily, or even usually, 
a visible lightning discharge. Various static 
charges are often continually building up and 
discharging in the atmosphere and hence in- 
ducing disturbances in the receiver. Cosmic 
radiations are also responsible for static. 
The.^e tyjies of natural static arc often called 
atmospherics. The types of man-made static 
are almost as numerous as the electrical ma- 
chines wdiich man has developed. Any s] lark- 
ing contact or poor electrical connection w’ill 
])roducc static which will be luekc'd up by 
nearby nveivers. Lhifortunatcdy many tyjies 
of this interfereiiee may be fed bark along the 
])OW'er lines and directly into the receiver. 
X-ray and di.‘ith('rmy maehiiies are also 
s()urc(‘> of inti'rferenee hut cannot be jiroperly 
elas.sed -static. 

The elnnmation of static presents a jiar- 
tieularly difficult jiroblem since ihe frequen- 
cies in the static pulse cover a wdde baud, 
certain tyjies being more yin'vah'iit in sonu' 
frefjueiiey ranges than otlu'rs. Alan-made 
static is best eliminated liy eornading ihe 
fault at the source although a filter in ihe 
])()W(‘r lin(‘ often helps if th(‘ dislurhaiu'e is 
coming into the set througli ihe ]irH‘. Natural 
static can be minimized, but not eliminated. 
For amplitude modulation sysi(ans, limiting 
ihe frequency band to wdiieh tli(‘ receiver re- 
sponds wall reduce the noise. Various types 
of limiters will also reduce the effeet since the 
static signal is fre(]uently gnaiter than the 
desired one. Fre(iU('iiey modulation is inher- 
ently less j^^useeptihle to interfering noise and 
offers almn.sf noise-fr(‘C recejition. 

STATIC CHARACTERISTIC (OF AN 
ELECTRON TUBE). A relation, usually 
represented by a graph, betwT(*n a pair of 
variables such as electrode voltage and elec- 
trode current, wdth all other voltages main- 
tained constant. 

STATIC ELECTRICITY. See electrostatics. 

STATIC EQUILIBRIUM. See equilibrium 
of forces. 

STATIC FREQUENCY TRANSFORMER. 
Sec frequency transformer. 
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STATIC MACHINES. A variety of devices 
have been employed to furnish charges of elec- 
tricity of considerable quantity at high volt- 
age. Probably the simplest static machine is 
the electrophorus, operating on the principle 
of electric induction, but its out])ut and volt- 
age are quite limited. Some of the older ma- 
chines generated charges by friction, luit mod- 
em machines are of the induction type. 
Among the latter, the well known Toepler- 
Iloltz and Wimshurst machines have rotating 
glass or mica plates bearing metal ‘^carriers’^ 
on which the charges are induced as on the 
metal plate of the elcctroidioriis. Itt'ccutly 
some very powerful induction machiiu's, em- 
bodying all the principles of the olden* tvpes, 
have been dev('l()p('d [)v Van de CraafT and 
oth(*i\s and have come into use in nuclear r(‘- 
search. 

STATIC METHOD. See vapor pressure, 
methods of measurement. 

STATIC PRESSURE. (1) lu a fluid, the 
pressure measure(l by au ohservcT moving 
with the fluid In practice, the pressure oh- 
ser\e(l hy inserting in the flow a pro])erly 
aligned static jircssurc tube This is a tube 
])ointing into the flow, sealed at the forward 
end and communicating with the flow bv a 
ring of lioles some six diameters from the end. 
(2) For statie iiressure m acoustics, see pres- 
sure, static. 

STATIC REACTION. The static force ex- 
erted on a body by other bodies by which it 
is supported in equilibrium, 

STATIC SOUND PRESSURE. Sec pressure, 
static. 

STATIC STATE. In meteorology, a state in 
which the position or profun-ties of an air mass 
or frontal zone are not changing or mov- 
ing, such as a “static front” or “static condi- 
tions.” 

STATICS. Statics is that branch of mechan- 
ics which deals with particles or bodies in 
equilibrium under the action of forces or of 
torques. It treats of the composition and 
resolution of forces, the equilibrium of bodies 
under balanced forces, and such properties of 
bodies as center of gravity and moment of 
inertia. 

A set of forces may be exerted along lines 
which all lie in the same plane, in which ease 
they are said to be coplanar. Again, the lines 


of action may all intersect at one point, so 
that the forces arc “concurrent.” A torque, 
or nioiuent, is that which tends to produce 
rotation about some axis. The measure of the 
torfjue of a given force about an axis not 
parallel to its line of action is t}u‘ product of 
the force, the perpeiulieular distance from its 
point of ajiplication to the axis, and the sine 
of the angle belween the axis and the direehon 
of the force Two f(u*ces i^f equal magnitude, 
acting along parallel lines in opjiosite direc- 
tions, ^eon-titule a couple, the torque of which, 
about any axis pcrjumdicular to its plane, is 
the product of either force by the perpendicu- 
lar distance hetw'een their lines of action. Such 
a pair of foiccs has no resultant and no c(]uil- 
ihrant, since it can neitlier he replaced nor 
l>ahmc(Ml by a single iorcc It is p(»^sil)lc to 
hav(* a s\siem of more than two forces, not 
neeess*n'dy parallel or even coplanar, but 
which is (‘(jui\alent to a couple in that it has 
a tonpie without having a resultant. (Inly 
anolher couple, or its equivalent, can balance 
Midi a system. One of the basic ]U’opositions 
ot stallc^ is that any system of forces is, in 
g(‘n(‘ra], e(]iii\alent to a single force ar‘ting 
along a definite line and a coiijile vvlu^se torque 
axis in a definite direction; and that for 
(Hiuililirium, tliis force and this couple must 
both become zero These ideas are mo^t eon- 
\cnii‘nt]y exjiiH^s^ed hy means of th(' notation 
of tector amalvsis 

A force F, whose ilm‘ of action lies at 0 de- 
grees to one of Iwo mutually perjiendicuhir 
axes, luav he n solved into components of F 
cos 0 d V sin 0 , parallel to tlic axes. Wlam 
several forces ^ire conourrent, and coplanar as 
wadi, the ciunjionents of their resultant are 
fouiifl as tlie algebraic Mims of the comjionents 
of the s(^]nirate forces The reMiltant of twm 
< oplanar forces P and Q having an included 
angle 0, has a magnitude 

R = VP- + Q~ +”2/'Q cqrO. 

The angle between the resultant and the force 
P is 

Q sin d 

arc tan 

P Q cos 6 

If there arc more than tw^o forces wdiosc re- 
sultant is to be found, any twm may be com- 
bined to find the resultant which may then be 
combined with a third, and so on until the last 
resultant found is that for the complete array 
of forces. The same problem may be solved 
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graphically by the vectorial addition of the 
forces. In vectorial addition, lines whose 
lengths arc equal to the magnitudes of the 
forces arc drawn in the directions of the forces 



Vectorial Addition of Forces P, Qf &• S 
Fig 1 

SO that the force representing one line follows 
another, forming part of a polygon, the arrows 
of w'hich, as shown in Fig. I, are in succession. 
Tlie resultant is the line drawn from the be- 
ginning of the first force to the end of the last. 
This resultant force, with direction of arrow 
reversed, is the ecpiilihrant, or neutralizing 
force. When forces are concurrent, the line 
of application of the resullant is knoevn to 
pass through the point of concurrence of the 
forces; but wdth non-concurrent forces, neither 
the force polygon nor the analysi^ by compo- 
nents is sufficient to establish the line of ap- 
plication of the resultant force To locate 
this line, another condition of statics must be 
introduced. It is that the moment of the re- 
sultant about any moment axis is ecpial to 
the algebraic sum of the moments of the forces 
about the same axis The funicular polygon 
may also be used to establiKsh the liru* of action 
of non-concurrent forces (see Fig. 2). Rays 



D 


Fono" in spare Foicc poI\ pon 

Fip. 2. Funirnlar iHilypon 

are drawui to the corners of the force polygon 
from some assumed pole, and the sides of the 
funicular polygon drawn parallel to these 
rays. The corners oi the funicular polygon 
lie on the fork’s themselves, and the closing 


lines, oa and od, intersect on the line of action 
of the resultant. (See Bow notation.) 

When forces are not coplanar, the solution, 
in general, involves simultaneous solution of 
six equations, as follow's: 

Let Fj,, Fp, and Fg be components parallel 
to Xf y, and z axes, respectively. 

Rjcy Ry, Rz are the corresponding compo- 
nents of the resultant. 

^F, - R,, 

^Fy = Ry, 

^Fz = Rz, 

'liMpx — 

luMpy ^ Mliyj 

= Mpz 

in which the ilLs are the moments of the re- 
spective (‘omponeiits about either axis per- 
pendicular to them. 

Static eciuihbrium exists if the algebraic 
sum of tlie compoTuaits of the forces m any 
diiecluui IS zero, and if the algc'braic sum of 
the moments of the forces about any axis is 
zero. \Mien a body is in equilibrium under 
forces, some of wdiich are unknowm, an anal- 
ysis may be made by ap})lying these condi- 
tions of equilibrium, proMdod that, of the 
(luantities re(|uired to specily the forces, the 
number which are unknown does not exceed 
the number of etpiations afforded by the given 
conditions. In the grajihical analysis of static 
ecjuihbnuin, the conditions of equilibrium an' 
that tlic force polygon and tlie funicular poly- 
gon close. 

A common application of the law's of equi- 
librium of coplanar forces is the calculation 
of the reactions of a simjily supported beam 
loaded wuth parallel forces which are ])er- 
pendicular to the length of the beam. The 
reactions arc dotennined by considering tlic 
whole system to be one in equilibrium, so that 
the moment equation may be applied by se- 
lecting the moment center on one of the un- 


P Q S 



Beam loaded with parallel forces 
Fig. 3 
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known reactions. The moment of this reac- 
tion thus becomes zero, and the moment equa- 
tion has only one unknown reaction. If a 
beam of span L (Fig. 3) is loaded with forces 
F, Q, and S, at distances, a, b, and c from i?i, 
the sum of the moments equals 

R 2 L — Pa — Qb — Sc. 

For equilibrium, this quantity must equal zero; 
henee 

Pa -f- Qb <Sc 


Triangularly framed structures may be an- 
alyzed by algebraic resolution and composi- 
tion of forces, or by the graphical method of 
funicular and force polygons. Since the latter 
is simpler and entirely as useful, it is tUe one 
most frequently employed. Consider a simple 
derrick, framed as shown in Fig. 4, loaded 



with W(Ught ir. This condition of static ecpii- 
librium may he aiialyzc'd for the forces acting 
m the ‘structural members by drawing a force 
l^olygoii for each joint, beginning with that 
which has only two forces unknown in mag- 
nitude, then jiroceeding to some other joint, 
wdiere the same condition cxi.sts. In the ex- 
ample gi\en, it is plain that the joint at the 
load must be analyzed first. The equilibrium 
polygon for this joint is CD A, and is drawn 
by laying off DA in the direction of TF, and 
of the magnitude IF, and locating point C as 
the intersection of lines DC and .1C, drawm 
in the directions which those forces actually 
have in the derrick. Using the magnitude of 
CA thus determined, the joint at the toj) of 
the mast may next be analyzed, locating the 
point B. The magnitudes and character of 
the forces acting on triangularly framed struc- 
tures are thus determined by the method of 
analysis of joints graphically by force poly- 
gons which c^ose. These force polygons begin 
at a point w^here all corners of the polygon 
are known except one, and proceed from there 


in succession to other joints, wdiich will offer 
the same conditions. Each joint lias a sepa- 
rate force polygon, but it is usual to place 
these polygons in juxtaposition along the lines 
where they have lines in common, for con- 
venience and simplification. The resulting 
diagram, which is a composite force polygon, 
is known as a stress diagram or stress sheet. 

Certain cases of friction lie properly in the 
realm of statics, since, though the friction may 
be that of moving bodies, the frictional sur- 
faces tjiemselves may not be in relative mo- 
tion. Friction gearing, w’edgcs, friction 
clutches, and the general problem of the in- 
clined plane which includes the screw jack 
are typical examples. Friction is resistance 
rdterod by one body to the motion of another 
\\lu‘n the second body slides, or tends to slide, 
over the former. A normal force between two 
surfaced, which have a coefficient of friction 
/, results in a force fN opposing motion, where 
N is the normal force. This friction force is 
tangent to the surfaces of contact in a direc- 
tion wdiich would oppose motion The re- 
sulting force, acting between a body and its 
‘supporting ’-urface, takes th(‘ direction showm 
in Fig. 5. The horizontal comiionent of the 



Fig 5 


reaction R is e(|ual to P. As P increases up 
to tlie point of sliding, the angle 6 increases 
until its tangent equals the coefficient of fric- 
tion of the surfaces in contact. When P ex- 
ceeds (N there wdll be relative motion between 
the body and the supporting surface. Should 
a body having weight W rest on a plane in- 
clirH'd at angle i, the coefficient of friction be- 
tween the surfaces being /, the force necessary 
to start the body up the jdane must be greater 
than W sill i fW cos i where the force P is 
parallel to the plane. If the force P is inclined 
to the plane, only its component parallel to 
the plane will be available for starting the 
load, and its perpendicular component may 
either tend to increase or decrease the fric- 
tion resistance. 

The centers of gravity of areas and masses 
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come under the head of statics, since they may 
be considered as made up of a number of ele- 
mentary areas or masses, which could be 
treated as proportional to a set of parallel 
forces actiiijjj through their individual centers. 

STATION, CLASS I, II, ETC. Sec under 
Class I station, etc. 

STATIONARY CPA AXIS. A fixe(l-r(*feronce 
phase with respect to which a carrier color 
signal of constant chrominance makes equal 
and opposite angles for successive fiel(]s; this 
reference phase being the same for all chromi- 
nances. 

STATIONARY STATE. One of the discrete 
energy states in wdiich a ejuantized particle or 
system (e.g., an electron, atom, molecule, 
etc.) may cxit-t, according to the quantum 
theory. # 

STATIONARY WAVES. See wave, standing. 

STATISTICAL MECHANICS. One major 
ju’oblem of physics involves the prediction of 
the macroscopic properties of matter in terms 
of the properties of the molecules of wliich it 
is com])Oscd. According to (he ideas of clas- 
sical physics, this could have been accom- 
plished by a determination of (he d(*tailed 
motion of each molecule and by a subsequent 
superposition or summation of their effects. 
The Ileisenlierg indeterminacy principle now 
indicates that this process is impossible, since 
we cannot accpiire sufficient information about 
the initial state of the molecules. Even if this 
wore not so, the iiroblem would be ])ractically 
insoluble because of the extremely large num- 
bers of molecules involved in nearly all ob- 
servations. Many successful predictions can 
be made, however, by considering only the 
average, or most probable, behavior of the 
molecules, rather than the behavior of indi- 
viduals. This is the method used in slati.stical 
mechanics. 

In the general apjmiach to classical statis- 
tical mechanics, each particle is considered 
to occupy a point in phase space, i.e., to have 
a definite position and momentum, at a given 
instant. The probability that the jioint cor- 
responding to a particle will fall in any small 
volume of the phase space is taken propor- 
tional to the volume, and the probability of a 
specific arrangement o points is proportional 
to the number of wavs that the total ensemble 
of molecules 'ould be permuted to achieve 


the arrangement. When this is done and it is 
further required that the number of molecules 
and their total energy remain constant, one 
can obtain a description of the most probable 
distribution of the molecules in phase si)ace. 
The Maxwell-Boltzmann distribution law re- 
sults. 

When the ideas of symmetry and of micro- 
scopic reversibility arc combined with those 
of })robability, statistical mechanics can deal 
with many steady state problems as well as 
w ith equilibrium distributions. Ecjuations 
for .such i)ropei1ies as viscosity, tluTmal con- 
ductivity, diffii.sion, and others are derived 
in this way. 

The (level()j)rnent of quantum theory, par- 
ticularly of quantum mechanics, forced cer- 
tain changes in statistical mechanic^ Tn the 
develoi)ment of the re.sulting quantum .stati.s- 
lics, the jdiase space is divided into cells of 
volume where h is the Planck constant 
and / is the number of degrees of freedom. 
Tn considering the poi mutations of the muh‘- 
cules, it is recognized that tlu’ inb'rchatige of 
two identical particles floes n()( It'ad to a tu'W 
.state. A\dth these two new ideas, one arri^Ts 
at the T^ose- Einstein statistics Tlu'^o sta- 
tistics must he further modified for particles, 
such as eh'ctrons, to which the Pauli exclusion 
princi|)lo Cxpplies, and the h'ermi- Dirac statis- 
tics follow 

It is often j)o.ssihl(‘ to obtain similar or iden- 
tical results from statistical mechanics and 
from thermodynamics, and the assumption 
that a sv^tem wall b(‘ in a state of maximal 
probability in equilibrium is ('duivaleiit to the 
law^ of entropy. The major difference' between 
the tw’o approaches i.s that tln'rmodvnaraies 
starts wdth macroscopic laws of great general- 
ity and its results are independent of any par- 
ticular molecular model of the svslem, while 
statistical methods alw^ays depend on some 
such model. 


STATISTICAL METHOD OF ENTROPIES. 
A method performed using partition functions 
from assumed molecular models or spectro- 
scopic data. The relation used is 


d(lu 

= i? In Z - i? — 

a(ln /3) 


where Fs is the entropy, R the gas constant, Z 
the partition function, and = l/kT (k being 
the Boltzmann constant, IT, the absolute tem- 
perature). 
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STATISTICAL WEIGHT FACTOR. In the 

statistical investigation of a given quantity, a 
statistical weight can be assigned to each 
value or range of values of the quantity, which 
is the number of times this value or range of 
values occurs. In stati‘^tical meclianics, it is 
defined as the number of niicrnstales corre- 
sponding to a given macrostate. 

STATISTICS. This term is used in two re- 
lated senses. In the first, it applies to the 
combination of data obtained from individual 
events or from separate* ('utries of ('vents. See 
error and the following entries for the appli- 
catiem of statistics to the detemiinatioTi of 
uncertainties. Tlie second sense of the word 
denotes the distribution laws which result 
from statistical mechanics. (See also quan- 
tum statistics; Maxwell-Boltzmann distribu- 
tion law.) 

STATOR. The stationary ])ortion of a dy- 
namo. 

STEADY STATE. St e state, steady. 

STEADY-STATE OSCILLATION. See os- 
cillation, steady-state. 

STEADY-STATE VIBRATION. See oscilla- 
tion, steady-state. 

STEAM. (1) Water va})or, <*-pe(lally when 
at a tem])('rat\iiv at or abo\e the boiling point 
of vater. (2) By analogy, the vapor of any 
li(|ui(l at or above the lioiliiig i)oint of llie 
iKpiid. 

STEAM DISTILLATION. The luocess 
thereby compounds vhich are sparingly sol- 
uble in watc'v may b(' di^'lllled by heating with 
water or by blowing >t(‘am through tht i 
lure. ("ompouncK of relath ely high boiling 
point may bo didilled at lower tcMnperatures 
by this method. 

STEEPEST DESCENT, METHOD OF. An 

approximate method of evaluating integrals 
of the form 

/ = f g{z)c‘f^^^dz 

where t is large, real and positive and jiz) is 
analytic. The path of integration is chosen 
60 that it passes through a saddle point Zq. 


Then if {z — zo) = re*®, the integral is given 
asymptotically by 

The pioccdure is sometimes used to evaluate 
integrals occurring in statistical mechanics. 

STEERABLE ANTENNA. See antenna, 
.steerable. 

STEFAN BOLTZMANN LAW. The total 
radiation from a black body or complete ra- 
diator i> given by 

E - 

wlu'ic T is the absolute temperature and 
<j o.bZi X 10 erg cm - deg * sec“b 
Soinetim(\s called the “Fourth Power Law.” 
This la^v may be obtairu'd by integration of 
the Planck distribution law, but was known 
befon* tlu* distribution law was developed. 

STEINMETZ COEFFICIENT. Bt einmetz 
approximated hysteresis loss by the expres- 
sion vhere hs the maximum induc- 

tion, and the Steinmetz coefficient, a, is con- 
stant f(U' a given material. 

STELIAR INTERFEROMETER. An attach- 
ment for adronomicnl telescopes by wdiich 
.MieheKon was first able to measure the an- 
gular duinu^ters of eertain stars. 

STEM CORRECTION. A eorn'ction to be 
made in the reading of a themiometer which 
has jiart )f its stem containing a portion of 
the thcrmomeiric-flnid column outside the re- 
gion at the temperature being measured, so 
that amount of the tl’ermoiia't ric fluid is not 
at the correct temperature. 

STENODE CIRCUIT. An int(‘imcdiate-fn‘- 
ciiK'iiey amplifier wdiose s(*h'ctivity has been 
increased by a piezoelectric-crystal filter. 

STERADIAN. A unit solid angle, which 
encloses a surface on a sphere eciuivalent to 
the* square of its radius. The total solid angle 
about a jioint equals steradians since the 
area of a sphere of unit radius equals Arr. 

STEREO-CEPHALOID MICROPHONE. A 

plurality of micrf^jilioncs arranged wdthin a 
structure designed to produce diffractions and 
acoustic pickup patterns simulating normal 
human Jiearing. 
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STEREOLOUDSPEAKER. A loudspeaker 
system consisting of two or more loudspeakers 
placed in two or more locations, and which 
can be energized by a c^tereoplionic amplifier 
system so as to produce a stereophonic effect. 

STEREO MICROPHONES. Two or more 
microphones so spaced apart and connected 
to a stereophonic amplifier as to enable stereo- 
phonic recording or reinforcement. 

STEREOPHONE. An acoustical system in 
wdiich a plurality of microphones (oi* other 
transducers), transmission channels and re- 
producers are arranged so as to provide a 
sensation of sjiatial distribution of the orig- 
inal sound sources to the listener. 

STEREOPHONIC. Pertaining to or adapted 
to the stereophone; produced by the stereo- 
phone, as stereophonic magnetic tape record- 
ings, stereophonic sound system, stereophonic 
reproduction. 

STEREOPHONIC ALLY. In a stereophonic 

manner; by means of stereophonic equipment. 

STEREOPHONICS. The science which 
treats of the recording, reinforcement, or re- 
production of sound in such a manner as to 
provide a sensation of spatial distribution of 
the original sound sources. 

STEREOPHONISM. The state of being 
stereophonic. 

STEREOPHONISM, COMPRESSED. The 

condensation of a wide acoustic field into a 
narrow area. It occurs when a lOO-piece or- 
chestra spread across a 50-foot ««tage is played 
back to sound as though it w^rc coming from 
a 10-foot stage. 

STEREOPHONISM, CROSSED. Sources 
originally in the right field are heard in the 
left car and vice versa. (In headphone ster- 
eophony crossing earphones produces the ef- 
fect.) 

STEREOPHONISM, DIFFUSED. The pro- 
duction of the effect of spreading point sources 
(see source, simple point) of sound, charac- 
terized by loss of precise localization. 

STEREOPHONISM, DIPHONIC. The pro- 
duction of two localizations for a single sound 
source. 


STEREOPHONISM, EXPANDED. The op- 
posite of compressed stereophonism. (See 
stereophonism, compressed.) 

STEREOPHONISM, MULTIPHONIC. The 

production of multiple localization of a single 
sound source. 

STEREOPHONISM, REFLECTIVE. A 

condition occurring when stereophonic effects 
are diminished or lost because of excessive 
reflection during jiickup or reproduction. 

STEREOPHONISM, REVERBERATORY. A 

condition occurring wdien stereophonic effects 
arc* diminished or lost because of excessive 
reverberation during pickup or reproduction. 

STEREOPHONY. The art of using, design- 
ing, or manufacturing stereophonic equip- 
ment. 

STEREOPHONY, HEADPHONE. The art 

of producing stereophonic cflFects with head- 
phones. 

STEREOPHONY, LOUDSPEAKER. The 
art of producing stereophonic effects with 
loudspeakers. ♦ 

STEREOPHONY, MULTI-CHANNEL. The 

art of producing stereophonic effects with 
more than two electrical transmission chan- 
nels. 

STEREO-POWER. For prism binoculars or 
similar stereo systems, the ratio of the dis- 
tance between the objective axes to the dis- 
tance between eyepiece axes multiplied by 
the magnifying power. A measure of the 
stereoscopic radius. 

STEREOSCOPE. The sc-nsation of depth in 
an object is due to binocular vision; that is, 
to the fact that two eyes do not each see 
exactly the same view. By taking two pic- 
tures with a camera moved a few inches — 
or with a double stereoscopic camera — two 
slightly different pictures are obtained. A 
stereoscope is a device by which each eye secs 
only one of these pictures, and the same sensa- 
tion of depth is obtained as with direct binoc- 
ular vision. 

STEREOSCOPIC RADIUS. The greatest 
distance at which the stereoscopic effect (see 
stereoscope) can be perceived. For unaided 
eyes, it has been given as about 1500 ft; with 
prism binoculars, it is of course greater. 
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STEREOSPECTROGRAM. A method of 
representing spectral data in which the three 
variables, concentration of solute, optical 
density, and wavelength of light, arc plotted 
in three dimensions to produce a thrce-diinon- 
sional figure; or else in two dimensions by 
choosing an obli(]ue axis in addition to the 
customary x-axis and /y-axis. 

STERIC-FACTOR OR PROBABILITY FAC- 
TOR. A correction factor applied, in cases 
of many “slow’' reactions, to correct the values 
calculated for the reaction rates by the col- 
lision theory. It is believed that the reason 
for the discrepancy, or, in other words, the 
pliysical meaning of the steric factor, may be 
the large number of degrees of freedom in 
which energy transformations must occur, in 
certain reactions, to form the activated com- 
plex. 

STERIC HINDRANCE. The effect of the 
s])atial arrangeim'ut of the atoms in the struc- 
ture of a molecule in retarding a chemical 
reaction or process. 

STERN-GERLACH EXPERIMENT. An ex- 

l)(‘rinicnlal test by O. St(‘rn and W. (icrlach 
(dermnny, 1924) of the magnetic moment of 
atoms, A stream of metallic atoms, issuing 
from a \aponzing furnace tlirough a narrow 



DuiKHim of Sti rn-Gcnladi ox])( iimciil for drtrrmiuing 
mriguclK' momcni.s uf gasooiis atoms Beam of va- 
pou'/ed metal is ^pllt hv btiong inliomogenooiis mag- 
netic field (By pcrnussion from ‘Fenornagnotism” 
by Bozorth, Copyright 1951. D Van Nostrand Co, 
Inc.) 

slit, entered a strong magnetic field. The 
magnetic intensity was perpendicular to the 
atom stream, and had a strong gradient in 
its own direction. If magnetic moments of 
atoms are due to revolving electrons, the 
atoms should, according to classical theory, 
begin to process at all angles about th^ field 
direction, and the atomic beam should simply 
broaden into a band. According to the quan- 
tum theory, they should process at certain 
angles only, and the original stream should 
be divided into distinct streams. Since the 


beam was split into 27 + 1 different beams, 
the experiment showed that in a magnetic 
field not all orientations to the field, but only 
2J + 1 discrete directions, are possible. 

STETHOSCOPE. A device for increasing 
the sound transinission from the interior of 
the human body to an observer s ear. It con- 
si>ts of a shallow chamber of relatively large 
diameter connected to a long tube of small 
diameter. The chamber seiwes to improve 
tlie acoustic matching between the body tis- 
sue and "the air in the narrow tube. 

STEWART-HOVDA RELATIONSHIP. See 
binaural intensity effect. 

STICKING POTENTIAL. Sec potential, 
sticking. 

STICTIQN. Static friction. 

STIFFNESS. In general the ability of a sys- 
tem to resist a prescribed deviation. In the 
cas(‘ of a deformable elastic medium, stiff- 
nc‘‘'^ hs the Tatio of a steady force to the elas- 
tic displacement produced by it, (‘ g , for a 
spring the force iccpiircd to produce unit 
stretch Th(‘ term is applied most often to an 
elastic system vibrating about a position of 
equilibrium. Acoustic stiffness is the quan- 
tity wliicli, when divided by 2 ^ limes the fre- 
cjuoncy, gives the acoustic naictance (see re- 
actance, acoustic) associated with the poten- 
tial energy of the medium or its boundaries. 
The unit (uminionlv used is dyne /cm. Alc- 
chanical stiffness is expressed in tenns of the 
various elastic moduli. 

STIFFNESS COEFFICIENT. In a linear 
mechanical system, the ratio of the applied 
force to the di^jilaceineiit from equilibrium. 

STIFFNESS CONSTANTS. See elastic mod- 
uli. 

STIFFNESS EI.EMENT, ACOUSTIC. Any 
acoustical element that makes a contribution 
to the acoustical equation of motion analogous 
to the contribution of the stiffness of a spring 
in a mechanical system. 

STIGMATIC. (1) For a bundle of rays, 
homocentric. (2) For an optical system, 
having equal focal power in all meiidians. 

STILB. A unit of brightness of a surface 
equal to 1 candle/cm*. 



Stirling Formula — Stopping Power 


868 


STIRLING FORMULA. If n is a large num- 
ber 



+ -ln27r+ 0(l/n3), 

2 12n 

where the last term is of the order of \/n^. 
Often approximated by : In « ! = n In z'; — n 

STIRLING FORMULA FOR INTERPOLA- 
TION. Useful near the middle of a difference 
table in finding a value of the dependent vari- 
able y at a value of the independent variable 
X ~ To + hu, wliere h is the interval between 
cqually-spaeed values of x The formula in- 
volves central differences 

o 

2/ — 2/o + , 

^ ! 




71 — 1 ) 

3! 


+ ... 


m^!/o = 2(^Vo + Ay i); 

= i(A^y I + A^y_2); • • • 

S^?jo = A"‘?y_^/2. 

STIRLING NUMBER. If the nth degree 
polynomial /(.r) - x(x — 1) (j - 2) • • * (.r 
-- n + 1) is written in the form f(x) ~ 
So'‘x^ -b ^ + ' * • + th(' numerical 

coefficients ♦Sj" are known as Stirling numbers. 
Th(‘y may be calculated successively from the 
recursion formula + ^ = *S” — 


speed V through a viscous medium of viscosity 
V is Ottvit. (2) The wavelength of lumines- 
cence excited by radiation is always greater 
than that of the exciting radiation. fSee 

antistokes lines.) 

STOKES LINE. A spectral line which satis- 
fies Stokes law by having a wavelength greater 
lhan that of the radiation which excited the 
luminescence of the source. 

STOKES THEOREM. The surface integral 
of the curl of a vector function equals the 
line integral of that function around a closed 
cur\'e bounding the 'surface 

Jv X V-rfS 

If the components of V in rectangular Carte- 
sian coordinate^ are i/, in and the direction 
cosines of the normal to r/S arc A, /x, v the the- 
orem may also be givim as 




dw\ 

drJ 

(\ujr f xrdz). 


STOP. The ojzening, diaphragm, or aperture 

which limits the no^s section of tlie beam of 
light which mav jKiss Uiinugh an optical sv^- 
t(an I( may be th(‘ rim of a Irn^, or it may 
be an esjieeially-mtiodiiced diaphragm. The 
location of the stop (apeiture stoyi) frequently 
])lav^ an important rok* in reducing aberra- 
tions m the .system 


STOICHIOMETRIC. Having the exact 
proportions of elements to make a pure chem- 
ical compound. 

STOKE. The cgs unit of kinematic vi.scosity. 
(See viscosity, kinematic.) 

STOKES DRIFT (OF GRAVITY WAVES). 

Stokes show'cd that, although the motion at 
any point in a gravity \vave of finite ampli- 
tude is periodic, the particle velocities are 
periodic wuth a non-zero mean. There is thus 
a drift velocity of particles in the direction of 
motion of the wave. 

STOKES LAW METHOD. See viscosity, 
measurement of. 

STOKES LAWS. (1) The force required to 
propel a spherical body of radius r at uniform 


STOPPING. The doeiease in kinetic energy 
of an ionizing ])ai'tiele as a result of eriergv 
losses along its path through matter 

STOPPING CAPACITOR. Another name for 
blocking capacitor (S(‘e capacitor, block- 
ing.) 

STOPPING CROSS SECTION. A synonym 
for atomic stopping power. 

STOPPING POTENTIAL. See potential, 
stopping. 

STOPPING POWER. A measure of the ef- 
fect of a substance upon the kinetic energy 
of a charged particle passing through it. The 
linear stopping power aSj is the energy loss per 
unit distance, and is given by - -dE/dXj 
where E is the kinetic energy of the particle 
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and X is the distance traversed in the medium. 
The mass stopping power is the energy 
loss per unit surface density traversed, and is 
given by aS„i = *Sz/p, where p is the density of 
the substance. The atomic stopping i)ower 
Sa of an clement is tlie energy loss })er atom, 
per unit area normal to the particle’s motion, 
and is given by Sa = i^i/n = S„,A/N; where 
n is the number of atoms per unit volume, N 
is the Avogadro number, ami A is the atomic; 
weight. The mol(‘cular stoi:)ping j^ower of a 
comj)ound is similarly defined in terms of 
molecules; it is very nearly if not exactly 
equal to Hie sum of the atomic stopifing 
powers of the constituent atoms. The rela- 
tive stopping power is the ratio of the stoi)- 
ping [lower of a given substance to that of a 
standard substance, commonly aluminum, 
oxygen nr air. The stopping eciuivalent for 
a given thickness of a substance is that thick- 
ness of a standard subs{<ince cajirible of pro- 
ducing the same energy loss, ^flie air ecpiiva- 
lent is the stoiijiing e(|uivalent in terms of air 
at and 1 atm as tlie standard siiiistanee. 

The ii*rm efpiivalc'nt slopjiing jiower is not 
el(\arly defined, hm sometimes is ustnl synon- 
>rnonsly with relative stopping power and 
soinetinu's with stopping ecjuivalent. 

STORAGE. In computer terminology, (1) 
any device' into \\hi<‘]i information can lie 
introduced and then ('xtracted at a latc’r time. 
The ineehani.siri or medium in wd.icli the in- 
formation is stored need not form an integral 
part of a coininiter. (2) The act of storing 
information. 

STORAGE CAPACITY. The maximum num- 
her of distinguishable stable states in wliieh a 
storage device ean exist. Tt is customary to 
use the logarithm to the base two of that num- 
ber as a numerical measure of the storage 
capacity. In this case, the unit of storage 
capacity is a binary digit. 

STORM. A violent disturbance of the atmos- 
phere, eitlier by wdnd or other undesirable 
meteorological conditions, siicli as rain, thun- 
der and lightning, dust or sand, ice or sleet, 
etc. 

STRAGGLING. The random variation or 
fluctuation of a [iroperty associated wdth ions 
of a given kind in passing through matter. 
Range straggling is the variation in the range 
of particles that are all of tlie same initial 


energy. Angle straggling is the variation in 
the direction of motion of particles after pass- 
ing through a certain thickness of matter, the 
paths of the [larticles initially being parallel. 
Statistical straggling is that variation in 
range, ionization or direction which is due to 
fluctuations in the distance between collisions 
in the stoiiping medium and in the energy loss 
and deflection angle per collision. Instru- 
mental straggling is that additional strag- 
gling w’hi(‘h is due to such instmiiiental effects 
as noise, gain instability, source thickness, and 
poor gAinictiy. 

STRAIN. The di'formation [iroduced in a 
s()litl as a result of stress. The components 
of strain may be writttm r,,, etc., where 

On dll 


IV, are th(‘ components of the displace- 
ment of (he jiartieles, measured at the point 
.r, 7/, 2 . Th(‘ sum Cjp + -|- c„ is the dila- 

tion, and the components of type are called 
shear strain'^. 

STRAIN, DILATATIONAI.. A dilatation is 
a change in length or vohirue of a deformable 
body. A dilatational strain is the change in 
volume divided by the original volume or the 
change in length (as in a rod or wire) divided 
by the' original h'ligth. TIh' former is usually 
called a volume strain, the latter a linear 
strain. Both are known as dilatational strains 
beeanse a change of size of the body is in- 
volved. 

STRAIN, LINEAR. See dilatational strain. 

STRAIN, NON-UNIFORM. A strain which, 
as in a non-homogeneous anisotropic body, 
varies from jioint to p<unt under the same 
.stress. 

STRAIN, PERMANENT. See discussion of 
permanent set. 

STRAIN, SHEAR. The strain resulting from 
the aj>pli(‘a( ion of a shear 'Ntn'ss, by which 
parallel jflanc'? in a body suffer relative dis- 
placement. The relative displacement di- 
vided by the perpendicular separation of the 
[flaiics is the measure of the shear strain. 

STRAIN- VIEWER. A view^er utilizing the 
jiassage of polarized light through glass or 
r>ther isotropic transjmrent media in order to 
observe strained regions. 
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STRAIN, VOLUME. See discussion of 
strain, dilatational. 

STRAP. In magnetrons, the link connecting 
alternate resonator segments. (See magne- 
tron, strapping.) 

STRATOCUMULUS. Layer consisting of 
large lumpy masses of cloud. It is billowed, 
often appears in rolls with occasional blue 
showing betw'een rolls. The cloud casts con- 
siderable shadow with shades varying from 
very whitish in thin spots to very dark in 
thick spots. Types vary from almost true 
cumulus to almost true stratus. 

STRATOSPHERE. That portion of the 
earth’s atmosphere above the tropopausc. 
This air is free of all weather jdienoinena, be- 
ing practically without moisture, and having, 
in general, an isothennal structure 

STRATUS. Uniform layer of dull, grayish, 
low-level cloud. It is not the low-lovel 
cqui\’alent of altostratus, rather it is more a 
cloiidlike fog. Fragments of stratus torn by 
wind or remnaiils of clearing stratus are usu- 
ally known as fractostratus, 

STREAM FUNCTION. See current func- 
tion. 

STREAMLINE. A line which is always par- 
allel to the local direction of flow, defined by 

f/.r dij dz 

u V w 

where dx, d\j, dz are the components along 
the three axes of the line element dl, and u, 
w are the components of the flow velocity. In 
steady flow, the streamlines arc identical with 
the paths of fluid jiarticles. In two-dimen- 
sional flow^ tlie streamlines are lines of con- 
stant stream function. 

If the streamlines follow closely the con- 
tours of a solid body placed in a moving 
fluid, the drag is usually low and the body is 
said to be of streamline form. 

STREAMLINES IN THE ATMOSPHERE, 

Lines drawn everywdierc tangent to wind vec- 
tors. They show the instantaneous flow^-pat- 
tem of the air at a given time only, and do 
not indicate trajectories of air parcels. 

STREAM TUBE. A stream tube is generated 
by the streamlines passing through every 
point on a ck=ed contour. By definition of a 


streamline, there is no flow out of a stream 
tube except through its ends, and in steady 
flow the mass flow across any section is con- 
stant. 

STREAMING. Unidirectional flow. 

STREAMING, MOLECULAR, THEORY OF. 

Application of kinetic theory to the flow of 
gas through a tube at low pressures, such that 
the mean free path is large compared with the 
diameter of the tube. In this case, the stream- 
ing of the gas is due to the random motion of 
the molecules, and to the density gradient 
down the tube, so that the numbers of mole- 
cules lrav(‘rsing a givtm cross-section in oppo- 
site directions is different. For a tube of cir- 
cular cro^^s-section, the mass flowing ])er sec- 
ond is proportional to the pressure difference 
and the cube of the radius. 

STREAMING POTENTIAL. A difference of 
electrical potential between a porous dia- 
])hragm, or other ])enn(‘al)le solid, and a liq- 
uid which is passing through it. 

STREAMING, SOUND. The productiem of 
unidirectional flow^ currents in a incdiiiin, aris- 
ing from the presence of sound weaves. 

STRENGTH OF A SOUND SOURCE. See 
sound source, strength of. 

STRESS. The force acting on a unit area 
in a solid, as in the theory of elasticity. In 
general, the stress has nine components, Xj;, 
Xyj Xgj Yj.j etc , defined so that, e g., Xy repre- 
sents the force in the x din'd ion acting on 
unit area of a jilane whose normal is in the 
y direction. However, for equilibrium it is 
necessary" that Y. = Zy, - X^ and Xy = 
Fj. The component of a stress wdiich acts at 
right angles to a surface is known as the nor- 
mal stress. If this stress is produced by a load 
whose resultant passes through the center of 
gravity of the area, it is called an axial or di- 
rect stress and is always uniformly distrib- 
uted over the area. A normal resultant force 
which causes the fibers to increase in length is 
a tensile stress, while one which shortens the 
fibers is a compressive stress. The latter is 
often called a bearing stress. The component 
of any stress which lies in the plane of the 
area is a shearing stress. 

Direct tensile or compressive stresses are 
known as primary stresses. The bending 
stress, resulting from deflection, is called a 
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secondary stress. The stresses developed in a 
column due to the lateral deflections are of a 
secondary nature. The rigidity of the riveted 
or welded joints of a truss which has deflected 
due to the axial deformation of its members 
causes bending stressc's in the members which 
are classified as secondary stresses. The re- 
sistance ofiered by a body to a combination of 
direct and bending loads is frequently called 
a combined stress. A normal stress which oc- 
curs at a point in a jilane on which the shear- 
ing stress is zero is known as a principal stress. 
If this normal stress is tensile it is often called 
a diagonal tension stress; if compressive it is 
knowm as a diagonal compression stress. 

The internal resisting force which arises in 
a restrained body due to temperature cliangcs 
is a rliermal stress. The adhesive resistance 
which is developed in the concrete surround- 
ing the steel reinforcing rods when a rein- 
forced conende member is subjected to load 
is known a-^ liond strc'-s Saf(' unit resl^ting 
foices which are used in design are called 
working stresses. These are usually tnk(‘n as 
a p(‘rc(‘nta^e of the ultimate stress or the elas- 
tic limit of the material. 

STRESS, COMPRESSIVE. Force per unit 
area in a material medium directed in such a 
way as to produce a change in demsity in the 
region ^^h(‘re the stress is applied. In the 
ca^e of a fluid any change in the equilibrium 
pressure constitutes a eoiupressive ‘stress. In 
a fluid the comjiressive stress at any jiariicu- 
lar point is the same in every direction. Com- 
pressive stress is always as'^ociated with dila- 
tational strain. (See strain, dilatational.) 

STRESS, SHEARING. Foice per unit area 
in a material medium directed tangentially 
to a set of parallel planes in such a way as 
to produce relative motion of the jilanes par- 
allel to themselves, i.e., a shearing .strain. A 
steady shearing stress cannot be applied to a 
perfect fluid, but is readily applicable to real 
fluids, where it is exemplified by viscosity. 

STRESS-STRAIN CURVE. A stress-strain 
curve is a graphical representation of the re- 
lation between unit stress and unit deforma- 
tion in a stressed body as a gradually increas- 
ing load is applied. 

STRESS, TENSILE. Force per unit area di- 
rected perpendicular to one surface only in a 
material medium. It is associated with a lin- 
ear strain (see strain, linear) in its direction. 


STRESS TENSOR. The components of the 
stress tensor in a continuous material are the 
stresses exerted across surfaces normal to the 
directions of variation of a single coordinate. 
In Cartesian coordinates, the typical compo- 
nent, J)^j, is the component of the force per 
unit urea in the 0.r, direction across a surface 
w’itli normal jiarallcl to O.r,, exerted by the 
mat (‘rial at larger valu(*s of r, on material of 
smaller values of x^. (/ and j may take the 

values 1, 2, 3 coiTesponding to the three axes.) 
The stress tensor is necessarily syrnmetrii,, 
, Pu = P/S 

STRESS, TORSIONAL. The shearing stress 

whi(‘h occurs at any in a body as the 

r(‘>ult of an applied torque or torsional load 
is called a torsional stress. If the hodj^ is a 
circular shaft, the stress is found from the 
formiilif: 


7V 



in which Sg =- rotjiiired unit stress, T = torque, 
c = radial distance from the center of the 
sliaft (o the point, J — polar moment of in- 
ertia of tlie cross-scctional area 

This formula is based on the assumption 
thai a ])lan(' section before twustiug remains a 
l)laiie after the torque is app1i(‘d; also that the 
radii remain straight. Tlu' tiicory of elastic- 
ity show.s tJiut thes(‘ a-'^urnpl ions arc tnie for 
all sections exccjit those adjacent to the ap- 
])Ii('d torcpie and the sup])orts. 

The cross-scction of a non-circular body 
bc(‘omes decidedly w\arp('(l after twusting, so 
the ^tr('ss must be ohtainc(l })y formulae dc- 
V(*Ioj)ed from the lheo»y of elasticity, by ex- 
j)eriTnental means or by approximate fonmilae 
which an' given in textbooks on advanced 
stn'Dgth of matmals. 

STRIATED DISCHARGE. The presence of 
alternate light and dark bands in the positive 
column of a gas discharge, generally due to 
a mixture of gases. 

STRIATION (STRIA, PL. STRIAE). (!) A 

striped appearance of the fiositive column of 
a Crookes tube. (2) A defect of optical ma- 
terials, such as optical glass, havirg the ap- 
pearance of streaks through the material, and 
seriously affecting the material for use as 
lenses or windows. 


Striation Technique — Structure Amplitude or Structure Factor 
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STRIATION TECHNIQUE. A method for 
rendering sound waves visible by using their 
individual ability to refract light waves. 

STRIKING POTENTIAL. See potential, 
striking. 

STRING GALVANOMETER. See galva- 
nometer, string. 

STRIPPING. An elToct observed in bombard- 
ment witli deul crons or heavier nuclei, wheie- 
by only pait of the incident particle merges 
with the target nucleus, and the rehiainder 
l)roceeds with most of its original monuaitum 
in practically its original direction. The eff(‘ct 
is strongly markerl in deutcron bombardment, 
and in this case typically leads to directional 
neutron and proton beams that emerge' from 
the target (if the latter is sufficiently thm) 
predominantly in the forward direction. '’Plie 
angular divergence' of the Ix'ams decreases 
with increasing ('iiergy of the incident deu- 
terons. Subsidiary ])eaks are souu'tiim's ob- 
served at rather small angles relative to the 
foi-ward direction. AVhen the (d,p) type of 
stripping occurs with deuterons having en- 
ergies smaller than or comparable with the 
Coulomb barrier of the target nuch'us, it is 
often called the Oppenheimer-Phillips jirocess. 

STROBE CIRCUIT. 'The name sometimes 
given to some form of time-selection trans- 
ducer. 

STROBOSCOPE. An instrument for viewing 
moving ohjecis so they ajifiear slationar>\ In 
Its siiniiU'st form it may consist of a revolving 
disk with lioh's spaced around the edge, the 
imning object being obscrvi'd through these 
lioles. Since the objeet can b(' sei’ii only when 
a hole is o})posite the eye, a cyclic motiem can 
he made to ajipear stationary if the speed of 
the disk is adjusted so h hole comes oj^posite 
the e>t‘ only when the moving object reaches 
the same point in each cycle; at otlier times 
the disk blocks out the view. A.s th(' object 
is thus alw'ays seen in the same position, the 
liersistenee of vision makes it appear to he 
still. The prinei])al draw'haek to this type 
stroboscope is the blurring of rapidly moving 
ol ejects since they can be seen for a short time 
w'hile the disk hole is moving before the eye. 
Much more aecur'-le stroboscopes utilize a 
flashing light to ill * ninate the moving ma- 
chine. Again, if the light flashes once for each 
cycle of the lootion the eye sees it only in one 


position, i.e., that at which the flash occurs. 
Even though the machine may have general 
illumination so the observ’or sees the usual 
blur of a rapidly moving machine, the flash 
of stroboscopic light causes it to appear sta- 
tionary. The stroboscope is useful for ob- 
serving the action of rotating parts, and ob- 
taining their angular velocity. 

STROBOTRON. A special, cold-cathode gas 
tube for &ui)j)lying a short -duration, high-in- 
tensity arc for a stroboscope. 

STRONG ELECTROLYTE. See electrolyte, 
strong. 

STRONG ELECTROLYTES, ANOMALY 
OF. 8ee electrolytes, anomaly of strong. 

STRONG EQUALITY. Equality between 
twm dynamu'al variables wdiieh implic's tliat 
the Poisson bracket of the diffc'renc'c between 
them wuth any operator is zero 

STRONTIUM. Meiallie eleuK'ut Symbol 
Sr. Atomic mimhcr 3S. 

STROUD AND OATES BRIDGE. See 
bridge, Stroud and Oates. 

STROUHAL FORMULA. The frecpiency /, 
in eyeh's/see, of a stretched wuv related 
to the velocity of air tlowiim pa^t at right 
angles to the wire by the (‘([nation 

/ := 0 18.W V/, 

where v — velocity of relativ(‘ motion of win' 
and air in cm ^see, d - (lianu*t(*r of the wire in 
cm, 

STRUCTURALLY-DUAL NETWORK. See 
network, structurally dual. 

STRUCTURALLY SYMMETRICAL NET- 
WORK. See network, structurally symmet- 
rical. 

STRUCTURE. The grouping of the various 
jiarts of an assembled entity, and the points 
at which, or the means by wdiich, they are 
held together. 

STRUCTURE AMPLITUDE OR STRUC- 
TURE FACTOR. In the diffraction of X-rays 
by crystals, the amplitude of the beam which 
is reflected, according to the Bragg law, from 
the atomic plane (fefcZ), depends on a factor 
which represents the sum of the scattering 
by the individual atoms weighted by the ap- 
propriate phase factors. This structure factor 
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depends only on the crystal structure, and 
may be written 

/ hoc 

Fihkl) = S exp 27 r? — + -f + -- ) 

\ a h r / 

where .t„, ?/„, Zn are the coordinates of the 7 ?th 
atom in the unit coll, whose dimensions are 
a, h, c. /„ is the atomic scattering factor of 
the nth atom, and the summation is over all 
the atoms in tlie unit cell. In general, only 
the square modulus \F{hkl) |“ can be measured 
experimentally, and tlie pliase factors have 
to he guess('d. 

STRUCTURE, ATOMIC. The internal struc- 
ture of the atom, comi)rising its nucleus and 
the el(‘clrons which surround it. 

STRUCTURE, MOLECULAR. The inter- 
nal structure of the molecule, compiising the 
various atoms, and the valence bond structure 
winch holds them togetlier. 

STRUCTURE, NUCLEAR. The internal 
slruct\ire of the alomic nucleus. 


where A is a parameter, the eigenvalue, chosen 
so that the solutions ?/, the eigenfunctions, 
satisfy given boundary conditions. The 
quantity 10(2) is a weighting function used so 
that the eigenvalues are orthogonal 


f 




Nearly every eigenvalue })rohIein in mathe- 
matical physics is of this fonn. 


STURM THEOREM. A method for locating 
tlie leaf roots of a polynomial equation. Let 
P{.v) - 0 he the efiuation witli r(*al coefTi- 
ci(*iits and without multiple roots. Modify 
the iisiial prof‘(‘^s for fmdir.g the highest com- 
mon factor of P{x) and its first derivative 
Pi(.r) hy exhii)iiing each remainder as the 
negative of a polynomial Pa, thus; 

P — q\P\ - Ply P\ ^ f/0/^2 “■ 

- P,y •••, 


P 


n-2 


n -1 P tif 


STUB, DETUNING. A quart or- wave balun 
or matching stub, used to match a coaxial line 
to a sleeve-sluh antcMUia (>(‘(‘ antenna, sleeve- 
stub). 'The stub or choke prevents eiici-gy 
loss and patt(‘rn distortion by the prevention 
of current flow down the outside of the coaxial 
f(‘ed line. It thus performs a detuning func- 
tion for the outside of the line, lint a tuning 
function for tlie rest of the system 

STUB-MATCHING, SINGLE AND DOU- 
BLE. The use of single and double stubs to 
effi'ct maximum power transfer from a trans- 
mission line to a load or otlu^r transmission 
medium. 

STUB-TUNERS, SINGLE AND DOUBLE. 

Adjustable sections of shoit-circuited trans- 
mission lines added to a t ransnii‘'sion line to 
^'tunc” or adjust it for maximum i^nver trans- 
fer. The position of the stub as wa-ll as its 
length must be adjusted to secure perfect 
match with a single stub. With twm stubs 
located a quarter of a wuivelength apart, most 
matching problems can be solver] without 
moving the stubh with respect to the load 

STURM-LIOUVILLE EQUATION. A dif- 
ferential equation of the form 

— [pW -~1 + \q{^) + = 0 

dzV dzj 


wIkto P„ is a constant but not zero. If a and 
b are real numbiMs, with a < by neifh(*r of 
wiiicli is a root of Pix) - 0 , tl.en the number 
of real roots of P{x) -- 0 between a and h is 
e(jual to the exrsss of the number of variations 
of sign for 

PU), P.Oi, P2U). --^P.-lW, P.; 

for X - a over the rmrnher of Wtriation of signs 
for X - ?>. Terms which \aiiish arc to be 
dropped out beiore counting tlie variations of 
sign 

SUBAQUEOUS SIGNALING. Discussed un- 
rler sonar. 

SUBATOMIC. IVrtairiing to processes or re- 
act lon.^ m u’hicli atoms undrTgo disintegra- 
tion, a.s in natural or artificial radioactivity; 
or to partidch or radiations yielded by such 
r(‘actjons, such as electrons, positrons, pro- 
tons, neutrons, helium nuclei, and nuclear 
fragments of larger size. 

SUBCARRIER. A carrier wdiich is applied 
as a modulating wave to modulate another 
carrier or an intermediate suhearrier. 

SUBGROUP. Elements of a group, less in 
numbei than the order of the group, which 
satisfy the group jiostulates. Every group 
possesses at least two subgroups: the unit 
element and the group itself. 
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SUBGROUP, CONJUGATE. If U is a sub- 
group of the group (j and X is an element of 
G', but not necessarily contained in //, then 
X~'^11X is also a subgroup of G and a conju- 
gate subgroup to H. 

SUBGROUP, INVARIANT. If // and //' = 
X'UIX are conjugate then these two sub- 
groups are invariant if II — //'. Also called 
normal subgroup or normal divisor. 

SUBHARMONIC. A sinusoidal quantity 
having a frequency wliich is an integral sub- 
multiple of the fundamental frequency (see 
frequency, fundamental) of a periodic q\ian- 
tity to which it is related. For example, a 
wave, the fre(|uency of wliich is half the 
fundamental frecpiency of another wave, is 
called the second subharmonic of that wave. 

SUBLIMATE. Tlie condensed vat>or from 
the process of sublimation, analogous to the 
di.stillate from distillation. 

SUBLIMATION. The transformation of a 
solid fhr(‘ctly to the gaseous condition wdthoul 
passing through the liquid state. When the 
vapor pre'^sure of a solid becomes gre:iter than 
the atmospheric pressure the solid vaporizes 
completely at constant pressure. The tem- 
perature at the i)oint where the va]K>r pres- 
sure of a solid equals the atmospheric jiressiire 
is its sublimation temperature. 

SUBLIMATION CURVE. The graphical 
representation of the variation with temper- 
ature of the vapor pressure of a solid 

SUBLIME. To pass from the solid directly 
to the gascou.s state wdthout melting. 

SUBMICRON. In Zsigmondy’s nomencla- 
ture, submicrons are partick"- between 
5 X 10" ® and 10" ^ meters in diameter 
(50-1000 Angstrom units). 

SUBSIDENCE. Sulisiding air is sinking air 
and is associated with lateral divergence. 
Subsidence in the atmosphere is a stabilizing 
influence; it also decreases relative humidity 
within the sinking air as it warms the air. 
Atmospheric pressure usually rises under the 
influence of subsidence, which is normally as- 
sociated with anticyclones. Clear or par- 
tially-clouded skies are the usual weather in 
a region of subsidcire. 

SUBSONIC FREQUENCY. See frequency, 
infrasonic. 


SUBSTANCE. A tenn used to designate a 
pure chemical compound or a definite mixture 
of such compounds. The term substance 
should not he used as an equivalent to the 
term “body” which refers to a definite mass 
of material, i.e., two different masses of the 
same substance would constitute two “bodies” 
but not two substances. 

SUBSTITUTIONAL ALLOY. A class of 
metallic alloy in wdiich atoms of one element 
have been replaced by atoms of another, with- 
out changing the basic crystal structure. 

SUBSTITUTION METHOD. See physical 
measurements. 

SUBTRACT CIRCUIT. See comparator. 

SUBTRACTIVE COLOR PROCESS. A 

method of photograpliic color synthesis u^-ing 
two or more siipcriinpu'^ed colorants wdiich 
selectively absorb their complementary colors 
from wdiite light. 

SUDDEN IONOSPHERIC DISTURBANCE. 
See magnetic storm. 

SUHL EFFECT. Holes inject (m 1 iiTto an n- 
type scmiconducdiiig filament an* defh'cte'd by 
a strong transverse magnelic held to tlie sur- 
face, where they may recomhine ra])idly with 
electrons showing a niiieh reduced lifetime, 
or be withdrawn by a probe as if the con- 
ductance had increased. 

SULFUR, Noumetallic element Symbol S. 
Atomic number 16. 

SUMMATION BAND. Sec band, summa- 
tion. 


SUMMATION CONVENTION. An abbre- 
viated notation, used frecpicntly in algebra, 
but esiiecially in tensor analysis. Instead of 
writing 



omit the summation sign and rcmemlier that 
summation is to be carried out for the re- 
peated index k. Such an index is often called 
a dummy or umbral index. The letter used 
for a dummy index can be changed without 
changing the meaning of the expression 


dx^ 



— etc. 

dx* 
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Fur the meaning of the upper index, sec tensor, 
contravariant. 

The summation convention is used partic- 
ularly in relativity theory, where the summa- 
tion is over tlio values 1, 2, 3, 4 (three posi- 
tion coordinates and oru* time coordinate). 
In tliis case an expression of the form 
AfivBvaCcr *•*; dono^es the value obtained 
by summing over values of the dummy in- 
dices, V, CT ' ' • . 

SUMPTNER PRINCIPLE. When a source 
of light IS jdaced at any jioint inside a sphere 
with jicrfcctly diffusing w^alls, every part of 
the interior is eciually illuminated. 

SUNLIGHT RECORDER. A device used in 
meteorology and agronomy, wdiich records th(‘ 
time integral of the sun’s visible radiation. 
The output of a phototube is integrated in a 
capacitor integrator, the output of which is, 
in turn, inlegratc'fl by a thyratron -operated 
mechanical counter. 

SUP. A symbol used to represent the sup- 
pressor grid of a vacuum lube. 

SUPERCONDUCTING TRANSITION. The 

change from the iiurinal to the supeieonduct- 
ing state is a ixnersilile pha'-e (i audition of the 
sc^eond kind, taking ])laee at a temperature 
which depends on lli(‘ magnetic field as well 
as on the material. The entropy of the nor- 
mal Slate is alw'a>s greater than that of the 
superconducting state by an amount 

[f, (UIc 

~ 2ir 

wdicrc Ho is the critical field at temperature T. 

SUPERCONDUCTIVE STATE, THERMO- 
DYNAMIC FUNCTIONS OF. Owing to the 
existence of the Meis.sncr effect, a supercon- 
ductor can be described in a thermodynamic 
diagram of state with the temperature as the 
independent, and the inagnclic field as the 
dependent, variable. 

SUPERCONDUCTIVITY. At very low tem- 
peratures, certain metals, alloys, and com- 
pounds go through a superconducting transi- 
tion into a state in which the electrical re- 
sistance has a \'alue of zero. The critical tem- 
perature (2) of the superconductor and the 
critical magnetic field curve characterize the 
material. Persistent electric currents may be 
induced in a superconducting ring, and show 


no signs of decay. However, the Meissner 
effect cannot be explained by zero resistance 
alone, and the London equations have been 
invoked to give a macroscopic description of 
the suf)crcondueting state. For many piir- 
pose.s the two-fluid model is convenient e g , 
m analyzing thermodynamic and thermoelec- 
tric eficcts Other properties of sujiercon- 
dneiors are associated wdth the ideas of the 
intermediate state and penetration depth. 

A])art from variations in the parameters, 
the phenomena of superconductivity arc es- 
sentially ‘similar from substance to substance 
No complete fundamental theoiy exists, al- 
though progress ha*^ recently been made by 
Fruhlich and Bardeen. (See Frohlich and 
Bardeen theory.) 

SUPERGONDUGTIV ITY, TWO FLUID 
MODEL. A ])henomenoIogical theory of 
superconductivity, according to which the 
conduction electrons belong to two interpene- 
trating assemblies having radically different 
properties. The “normal” electrons show elec- 
trical resistivity, etc., wdiilc the superconduct- 
ing electrons have zero entropy and resis- 
tivity. Tlie proportion of nonnal electrons 
that liavc not bc(‘n “condensed” into the super- 
conducting htato at temperature T is (T/TcV 
wh(‘ii‘ T, is the superconducting transition 
tem|>(Tature in zero field. 

SUPEKGONDUGTOR. A substance e.xhibit- 
ing superconductivity, 

SUPERGONDUGTOR, HARD, OR NON- 
IDEAL. Certain superconducting compounds 
and alloys sliow high Iransition temperatures, 
high critical fields, incomplete Meissner effect, 
breakdown of the Silsbee rule, etc. The effect 
may be reproduced by apjilication of severe 
inhomogeneous strains. 

SUPERGONDUGTOR, LONDON ELEC- 
TRODYNAMIGAL THEORY OF. A phe- 
nomenological treniment of superconductivity 
has been developed by F. and H. London, in 
wfiiich the Maxw'cll acceleration equation is 
replaced by a differential equation connecting 
the current w'ith the magnetic, instead of the 
electric, field. 

SUPERCONTROL TUBE. See variable mu 
tube. 

SUPERCOOLING. The cooling of a liquid 
below its freezing point without the separation 
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of the solid phase. This is a condition of 
metastable equilibrium, as is shown by solid- 
ification of the supeixooled liquid upon the 
addition of the solid phase, or the application 
of certain stresses, or simply upon prolonged 
standing. 

SUPERELEVATION (I.E., BANKING OF A 
TRACK OR ROAD). The vertical distance 
the outer track of a railway is raised above 
the inner track on a curve in order to com- 
pensate for the effect of the cenirifiigal force 
associated with motion aiound the curve. 

SUPEREXCHANGE. A mechanism invoked 
to explain strong antil‘(‘rromagnetic coupling 
such as that, for exami)le, between two Mn ^ 
ions sejiarated by an () ion in ]\In(). A 
form of configuvalion interaction is involved 
— one of th(‘ excess eh'ctrons on the, oxygen 
ion goes on to one of the Mn ^ ^ ions, where 
it couples with its spin. The othcM* electron 
on the oxygen ion must Ix' of op{)osite s[)in 
by the Pauli exclusion principle, and couples 
by exchange wdth tlic spin of tlie remaining 
Mn^"^ ion The ov(Tall effect is tlms a 
coupling betw^een the sjnns of th(‘ Mn ' * ions, 
even though these are much too far ajiart to 
have a direct exchange interaction. 

SUPERIIET. (k)Iloquialisin for superlidero- 
dyne. (See receiver.) 

SUPERHETERODYNE, Sec receiver, 

SUPERHETERODYNE, DOUBLE. A re - 
ceiver which emjiloys tavo heterodyne mixers, 
local oscillators, and i-f amplifiers. Tlie i-f 
amplifiers are of different frequency, thus ])er- 
initting higher gain wdthout instability. 

SUPERIMPOSITION APPROXIMATION. 

The assumj)tion that in any system eompris- 
ing moleeules in fixed positions, the force on 
any molecule is the sum of the forecs which 
W'ould be exerted on the given molecule by 
all other moleeules in turn acting if all tlie 
remaining molecules w'cre not })resenl. 

SUPERLATTICE. A ty])e of arrangement 
of atoms in a multi-component solid system, 
in which the atoms of an element occupy ccr- 
t^n regular posit uns in the atomic lattice 
of another elcmert ven though no compound 
betw^een ttu two elements of that composition 
can be separaUxl or otherwise identified. 


SUPERMALLOY. Trade name of a permal- 
loy-type of magnetic alloy with a maximum 
permeability in excess of one million. 

SUPERPOSITION, PRINCIPLE OF. If a 

physical system is acted on by a number of 
independent influences, the resultant influence 
is the sum (vector or algebraic as circum- 
stances dictate) of the individual influences. 
The principle takes on many specific forms 
depending on the nature of the system and 
the influence in ({uestion. For (‘xainjile, when 
two forces act simultaneou^ly on a particle 
the resultant force is the vi^etor sum of the 
tw^o. Another exaniple is proviiled by the 
small oscillations of a system about a state of 
equilibrium. Thus the total displacemiuit of 
a vibrating string is the algehiaic sum of all 
its various harmunii* modi's of oscillation 
which adfl without interfering w^ith each 
otlier. The principle is validati'd in this case 
by the faei that th(‘ wave eciuation governing 
the oscillation*^ is linear. Superposition does 
not apply to non-linear systems. 

Tlie principle can also be aiqilied to quan- 
tum mechanics. H(‘re it is exianpli fil'd by the 
postulate that any state function of a givi'ii 
quantum nioclianical sy^lian eorn'spouding to 
a given observabh' (c.g., the energy) can bo 
expressed as a linear expansion of the eigen- 
states of the system for the sanu‘ observable. 

SUPERPOSITION PRINCIPLE OF 
NERNST. The potential difference between 
junctions in similar pairs of solutions which 
have the same ratio of eoiicent rations arc the 
same oven if the absolute concentrations are 
iliffi'rent, c.g., the same ])ot('ntial difference 
exists between normal solutions of HCl and 
KCl as exists between tentli-normal solutions 
of HCl and KCl. 

SUPER-REFRACTION. The transmission 
of microw^avc frequencies far beyond line of 
sight due to an atmospheric duct. 

SUPER-REGENERATIVE RECEIVER. In 

the Oldinary regenerative receiver the sensi- 
tivity goes up as the feedback is increased, 
but if the feedback is increased to produce the 
maximum amplification (just before oscilla- 
tions start) the circuit is unstable and breaks 
into oscillation. The super-regenerative cir- 
cuit utilizes this high gain point wdthout the 
instability, by introducing a voltage of low 
radio frequency in the plate supply lead. 
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Since this voltage subtracts from the plate 
supply voltage every half-cycle, it will lower 
the net plate voltage to the point where any 
started oscillations die out. The circuit is 
adjusted so oscillations actually start to build 
up, giving very high gain, but are killed off 
at the low radio frequency (quench frecjueiicy) 
rate and so do not reach an objectionable 
amplitude. The quenching frequency may be 
generated by a separate oscillator tube, or 
may be generated by the regular dc'lector tube 
in a so-called self-quenching circuit. The 
gain of these detectors is enormous, but they 
arc subject to several limitations sucli as: 
poor quality, radiation and subsecpient iiiicT- 
ference with other receivers, strong interchan- 
nel hiss, poor selectivity, etc. They are, 
nevertheless, (juite widely used for reception 
in the very high frequency re gion. 

SUPERSATURATE. IV) carry a i)rocess Ix'- 
yond saturation, as to supersaturate a solu- 
tion. 

SUPERSATURATED AIR. Air devoid of 
salt, dust, and ions can be supersaturated with 
resjK'ct to a free wate'r surface. Tnasmueh 
a-- the atinosplKMT eontains nuiiH'rous ^alt f)ar- 
ticles, dust, and ions, as well as mieroseopie 
plants and animals, sui)(‘rNaturation is seldom 
if ever a reality, because these materials, ])ar- 
tieiilaiiy salt particl(*s and ions, serve as 
nuclei for condensation. Actually many 
clouds form at less than saturation with re- 
spect to ojicn water surfaces. 

SUPERSATURATION. The condition of 
containing an excess of some material over 
the amount n^qiiired for saturation. 

SUPERSONIC SOUNDING. R(‘e sonar. 

SUPERSONICS. The general subject cover- 
ing phenomena associated with speed liighcr 
than the sfieed of sound (as in case of aircraft 
and projectiles traveling faster than sound). 
At one time, this term was used in acoustics 
to denote the general subject of high freciuency 
sound (ultrasonics). Such usage is now depre- 
cated. 

SUPER-SYNC. The combined horizontal and 
vertical synchronizing signals of standard 

television transmission. 

SUPPLEMENTARY CONDITION. Any 

condition imposed on the stat(‘ vector $ in a 
quantized field theory (see field theory, quan- 


tized) in order that this vector should cor- 
respond (o an actual vstate; e.g., in quantum 
electrodynamics, the Lorentz condition 





SUPPRESSED CARRIER. See modulation. 

SUPPRESSOR. An element or device used in 
electric or electronic coini)onents or circuits 
to p]‘(‘V(mt or i‘('fliir-o undesired actions or cur- 
rents Kxam])les are series resistors in ce»'- 
tam high-voltage circuits to prevent S{)ark- 
ing; additional grids in vacuum tubes to pre- 
vent secondary emission from the plate. (See 
grid, suppressor.) 

SUPPRESSOR GRID. See grid, suppressor. 

SURFACE. The locus of })oints ^atisfying 
an eqinttion in three variables fix,y,z) — 0. 
(S(‘e also area.) 

SURFACE-ACTIVE COMPOUNDS. Those 
substances that 1o\\(t the surface tension of 
a licjuid when expos(‘d to a gas, e.g., water in 
air, or reduce the iuli'rfaeial tension betwc'en 
two immiscible liquids, eg, kerosene and 
water. 

SURFACE BALANCE (LANGMUIR). An 

ai)()aiatu>s for the nK‘asiirem(‘nt of surface 
pressure and surfa(‘e area of monomolecular 
films on w\al(‘r. The {surface f)ressiire is meas- 
ured by arranging a floating barrier on the 
surface of the w^ator wdth a device for measur- 
ing tlie force acting on the barrier. 

SURFACE DECAY CONSTANT. The recip- 
rocal of the lifetime of a carrier in a semi- 
conductor w'hen this is governed by surface 
reeoiiihination. 

SURFACE DENSITY. Tlu' cpiantity per unit 
area of anything distributed over a surface. 
Examples are electric charge per unit area 
and mass per unit area. It is in the latter 
sense tliat the term is used in nuclear physics, 
this being a eoiiimon w'ay of indicating an 
absorber thickness, source thickness, target 
thickness, supjiort thickness for thin radio- 
active sources, etc. 

SURFACE DUCT. An atmospheric duct for 

wdiich the^ lower boundary is the surface 
the eartli. 

SURFACE ENERGY. Pee energy, surface. 
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SURFACE ENERGY, FREE. The work nec- 
CBsary to increase the area of the surface of 
a liquid by unit area. Usually expressed in 
ergs i>er square centimeter. 

SURFACE ENERGY, INTERFACIAL. The 

woik necessary to increase the surface of sep- 
aration betw(‘en two liquids l)y unit area. 

SURFACE FILM, CONDENSED. A film of 

an insoluble substance, on the surface of a 
liquid, and consisting of a monolayer of closely 
packed molecules, at or near tlie p )int at 
which further compression of the film causes 
the formation of crystals of solid or lenses of 
li(]uid in equilibrium with the monolayer. 

SURFACE OF REVOLUTION. Th(‘ result 
of revolving a plane (‘urve about a line lying 
in its plane Special cases of each of the 
quadric surfaces may be produced in this way. 

SURFACE ORIENTATION. The o(ciipa- 
tion of such positions by certain molecules in 
the surface of a licjuid that one* jiart of the 
molecule is turned toward the li(]uid; a^, eg., 
on the air-lupiid interiace ot an afiueous sys- 
tem, molecules containing polar and non]K)lar 
grou])s arrange themsehes with the })olar 
groujis directed ttiward tlu' wati'r, 

SURFACE RECOMBINATION VELOCITY. 

FAjieriments show that electrons and holes in 
semiconductors rc‘Conihine much more readily 
on the suriaee of the material than they do in 
the interior. The jiroeess is analyzed in terms 
of a parameter n, i.e,, the velocity wuth w’hich 
the carriers w’ould liave to drift to the sur- 
face, and there be rcino\ed, to match tlie ob- 
served recombination rate. 

SURFACE, RULED. A surface that is gen- 
erated by the iiiolmn of a straight line called 
the generatrix. Any quadric surface can be 
produced in tins waiy but the generatrix is 
real only for the cone, cylinder, liyperboloid 
of one sheet, and hyperbolic paraboloid. In 
the other possible cases, the generatrix is 
imaginary. 

SURFACE STATES. According to a theory 
of Bardeen, there is a tendency for electrons 
in a semiconductor to be tightly bound into 
states on the surfiic » of the sample. This is 
the basis the Bardeen-Brattain theory of 
hole injectum. 


SURFACE TENSION. The molecules close 
to the surface of a liquid, unlike those in the 
interior, experience forces of attraction from 
their neighbors directed normally to the sur- 
face. The effect of this force is to make the 
liquid behave as if it were (‘ontained in a 
stretched elastic skin. Tlic tension in this 
skin IS the surface tension 

SURFACE TENSION, COEFFICIENT OF. 

The coefficient of surface tension is the force 
per unit length that appc'ars to act across 
lines drawn in the surface of the fluid It 
measures the mechanical effects of the internal 
energy of the surface layer. 

SURFACE TENSION, METHODS OF 
MEASUREMENT. (1) Dro]) weight method. 
A drop suspcaided below^ a tube of radius r 
and slowly increasing in size detaches itself 
wdien its w’cight is 



{y is surface tension, p density of the liquid), 
'riie function F i*^ of order uni tv 

(2) Teiisiomeler method Thi'T method 
nuaiMires the force' neee^saiw to (h'tach a rino- 
of known radiu> from the Imuid surface', 
(di(*n ])y a torsion balance. The mu face ten- 
sion i"- the fj)rct' divifh'd hv tw the ])eniu- 
et(‘r of the ring. 

t3) Capillary ri'^e methorl The rise of a 
liejuid in a capillary lube is gi\ (mi by tlie 
Juriii law, and fioiii it tiu' surface teaision 
may be calculated. 

(4) Jaeger method (maximum liubble pres- 
sure). The pressure necessary to force air 
from n capillary tube of radius r immersed 
vertically a distance h into the liquid of 
demily p is 

V = 7^n + pgh + 2y/r 

W’here po is the surface pressure. 

(5) vSessile drop method. The &ha])e of a 
drop resting on a surface that it does not wet 
dejierids on surface tension. Measurements 
of drop de})th and w^cight are sufficient to de- 
termine the surface tension. 

(6) Pendant drop method. A method sim- 
ilar to (5), but apidicable to wetting fluids. 

SURFACE TENSION, NUCLEAR. Sec nu- 
cleus, liquid drop model of. 
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SURFACE TENSION, UNITS OF. The di- 
mensions of surface tension correspond to 
force per unit length. In the metric system 
the unit is dyne cm~* and in the English 
system, Ibf ft“'. 

SURFACE WAVES. (1 ) Waves of di.«!tortion 
on the free surface separating two fluid phases, 
usually a liquid and a gas or vapor of low 
den.sity. The waves arc classed as gravita- 
tional waves or ripples, depending on whether 
gravity or surface tension is the controlling 
force in their motion. (2) An electromag- 
netic wave component traveling parallel to 
the earth’s surface. Also called the ground 
w'avc. 

SURCE. (1 ) An o.seillation of relatively groat 
magnitu<le t'et up by an electric discharge in 
a line or system. (2) A general change in 
barometric pressure apparently superposed 
upon cyclonic and normal diurnal changes. 

SURGE EI.ECTRODE CURRENT. An 
oldei' term for fault electrode current. 

SURVEY INSTRUMENT. A portable in- 
-tiumcnl. u.v'd lor delecting and measuring 
radial ion under varied physical conditions 
The ti im eovi'is a wide range of devices utiliz- 
ing most of the detection methods defined 
clsuwlicrc. 

SUSCEPTANCE. 1’he imaginary part of ad- 
mittance. Note that if Z = 7? -j- ;A , 

1 R - jX 

^ ^ TVix ~ -h X" 

and the susceptance is 

-X 

“ R^ + X^' 

SUSCEPTIBILITY, ELECTRIC. See polar- 
ization (due to induced dipoles), dielectric 
constant, electric induction. 

SUSCEPTIBILITY, MAGNETIC. See mag- 
netic susceptibility. 

SUSPENDED TRANSFORMATION. The 

cessation of action before true equilibrium 
has been reached, or the failure of a system 
to readjust itself immediately v^hen conditions 
are changed. Metastable equilibrium, super- 
cooling, etc., are examples. 


SUSPENSION. A system of particles dis- 
persed in a liquid, which do not separate be- 
cause of their small size, the motion imparted 
to them by collision with water molecules, etc. 
Such a system is also called a suspensoid, or 
a colloidal suspension. 

SUTHERLAND EQUATION. A relation- 
ship b(*twecn the mean free i)ath of a mole- 
cule and the molecular diameter. This rela- 
tionship is expressed in the following equa- 
tion: 

L__ 

ft QC y- — 

7ii\A + ryr 

in which d is the molecular diameter, n is the 
number of moleciile.s jkt unit volume, I is the 
mean free path, T is the absolute temperature, 
and C is the Sutherland constant. 

SVEDl^ERG EQUATION. A relationship 
between the amplitude of' a particle wliich 
(‘xhihitb Rrownian movement and its period 
of vibration. The generalized fonn of this 
relationship is: a a f, m whkh a is the ampli- 
tude of vibration, and t is the pc'riod. 

SWEEP. A steady change in the \aliic of a 
quantity in order to dedineate a characteristic. 
Mxaniples of swept cpiantities are {1 ) the dis- 
l)la(‘en)eiit of a scanning spot on the screen 
of a cathode-ray tube, and (2) the frequency 
of a wave. 

SWEEP FREQUENCY. The rate at which 
a complete fewceping c>ele occurs. (See 
sweep.) 

SWEEP VOLTAGE. See voltage, sweep. 

SWELLING. The phenomenon observed 
when certain solid substam-cb absorb liquids 
with which they arc brought in contact with 
the result that they increase in volume. Ex- 
amples are diy gelatine or agar placed in 
water. A similar heliavior is found with many 
natural and synthetic polymers in organic 
solvents. 

SWINGING CHOKE. A variable inductance 
choke often used as the input choke for a 
smootliing filter of a power supply. The re- 
quirements for the input clioke vary with the 
load on the filter so one value of inductance 
IS necflcd for no load (other than the bleeder 
across the filter output) and a much lower 
value is needed when load is applied. By 
proper adjustment of the air gap in the core 
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of an iron-cored clioke this variation in in- 
ductance can be made automatic as the cur- 
rent through it varies with the load demand. 

SWITCH DETECTOR. See detector, 
switch. 

SWITCHING. The connection of two points 
of a network at controllable instants of time. 
An alternative term is clamping. 

SX-10. Term used by llu* ricaieral Electric 
Coinjiany to denote a grain-oriented, silicon- 
iron alloy. 

SYLLABLE ARTICULATION. See articula- 
tion, syllable. 

SYMMETRIC. Arranged in accordance with 
a certain similarity with leference to a cer- 
tain geometrical entity or position, which may 
be a point (center or ])oint of symnutiy), a 
line (axis of symmetry), or a f>lane (plane 
of symmetry), etc. A symmetric function is 
transformed into itself when its variables are 
interchanged in pairs (See antisymmetric 
and matrix, symmetric; tensor, symmetric.) 

SYMMETRIC TOP MOLECUI.E. A non- 
linear molecule having only one axis of 3-fold 
or higher symmetiy, wluae this axis is the 
axis of highest symmetry. 

SYMMETRICAL NETWORK. See network, 
structurally symmetrical. 

SYMMETRICAL TRANSDUCER. See trans- 
ducer, symmetrical. 

SYMMETRY, AXIS OF. A line drawn within 
a body or within a set of points in such a 
location and direction that a rotation of the 
body thiough an angle ('Iir/n) radians about 
the line as an axis, ri being an integer, greater 
than unity, results m a configuration indis- 
tinguislial)le from the oiiginal configuration. 
A body or set having such an axis is said to 
have n-fold symmetry, and the line is said to 
be an 7?-fold axis. Thus a line through the 
center of a cube and jiarallel to a laee is a 
four-fold axis of symmetry, while a body 
diagonal of the cube is a two-fold axis. 

SYMMETRY AXIS OF SECOND KIND OR 
ROTATION-REFLECTION AXIS. A sym- 
metry element by winch the crystal is brought 
into self-coincidenci py a combined rotation 
and reflection in a plane perpendicular to the 


axis of rotation. In Schoenflies notation, Sn 
for an n-fold axis. (Sec symmetry classes.) 

SYMMETRY, CENTER OF. A symmetry 
element such that any line through it will 
intersect the crystal at equal distances on 
either side. Schoenflies symbol, subscript ?. 
(See symmetry classes.) 

SYMMETRY CLASSES. Every crystal be- 
longs to one of the 32 different classes of sym- 
metry, or point groups. The standard nota- 
tion for describing these classes is that of 
Schoenflies, wdio assigned bymbols to the vari- 
ous po-^sible symmetry elements according to 
the following rules: 


Symbol 

Cn 

IK 

Sn 

V 

T (totrah(‘dral) 
O 

subsciipt V 

Bubsciipt h 

subscript d 

subscript i 
subscript s 


Symmetry Element Possessed 
by Groiip 

w-fold axis 

n-fold axis, and n two-fold axes 
porpcndicular to it 
n-fold axis of rotarv-iofloction 
three miituallv pcrpcndiciilai two- 
fold axes 

four three-fold axes to\Naid‘' ver- 
tices of regular tetiaheilion 
three mutualh'^ pr'ijx ndieiilar four- 
fold axes (ruhi( gionp^ 

(veitical) leflcstion plane eontain- 
iiig &Vinmetr> axis 
(horizontal; leflrntion plani‘ pei- 
pemlieulai to svnurudrv a\is 
(dihedral) letiration plarn* bis(iting 
angle between two two-fold axes 
inversion 
reflection plane 


Another system of notation is that of the 

Hermann-Manguin symbols. 


SYMMETRY, DYAD. A two fold symmetry 
axis. 


SYMMETRY ELEMENT. An operation 
which brings a crystal into a position that i« 
indistingui.shable from its original position. 
The symmetry elements are; rotation axes, 
reflection jilancs, inversion centers and rota- 
tion-reflection axes. 

SYMMETRY, HEXAD. A six-fold symmetry 
axis. 


SYMMETRY OPERATION. See symmetry 
element, 

SYMMETRY, PLANE OF. A plane passed 
through a body or through a set of points in 
such a location and direction that the reflec- 
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tion of all points in the plane results in a 
confif^uration indistinguishable from the orig- 
inal configuration. Thus, a cube has many 
planes of symmetry through its center, includ- 
ing those parallel to the faces and those pass- 
ing through face diagonals. 

SYMMETRY, TETRAD. A four-fold sym- 
metry axis. 

SYMMETRY, TRIAD. A three fold sym- 
metry axis. 

SYNC COMPRESSION. The reduction in 
gain api)lied to the sync signal over any jiart 
of its amplitude range with res])ect to the 
gain at a specified reference level. The gain 
referred to in the definition is for a signal 
amplitude small in comi)arison with the total 
peak-to-peak composite picture signal in- 
volved. A quantitative evaluation of this 
effect can lie o))tain('d by a measurement of 
(lifterential gain Fn‘(]U(’ntly the gjiin at the 
of tlu‘ jieaks of sync pulses is reduce({ 
wilh resp(‘et to tlie gain at tli(‘ It'vols near the 
])ns(' of th(' sync puls(*s Under some condi- 
tions, till* giiin ()\(‘r the entire syne signal 
remoTi of the comi)osite pietiu'e signal may be 
rechiei'd with r('S])ect to the gain in the region 
of the ])ieture signal. 

SYNC LEVEL. The level of the peaks of 
the sync signal. 

SYNC SIGNAL (SYNCHRONIZING SIG- 
NAL). 1 die signal employed for the syn- 
cli ionizing of scanning. Tn television, this 
signal is composed of pulses at rates related 
to the line an<l fudd freipiencies. Tlie wave- 
form specified by th(' U.S. Monochrome Stand- 
ards is shown under television, sync signal. 
The signal usually originates in a central sync 
generator, and is addl'd to the combination 
of picture signal and blanking signal, com- 
prising the output signal from the pickup 
oriiiifimcnt, to form the composite picture 
signal. In a television receiver, tliis signal 
is normally separated from the picture sig- 
nal, and is used to synchronize the deflection 
generators. 

SYNCHRO. An electrical system for remote 
conirol or indication. The typical system in- 
cludes a rotating device which is supplied 
with single phase or polyphase power and has 
an output depending in phase, in amplitude, or 
in both on the position of the rotor. This 


output is amplified and fed to a second rotat- 
ing device which follows the motion of the 
first. 

SYNCHROCYCLOTRON. A cyclotron in 

which the radio frequency of the electric field 
is freiiueiicy-modulated to permit the accel- 
(*ration of particles to relativistic energies. 

SYNCRODYNE. A homodync detector or 
demodulator. 

SYNCHRONIZATION, LONG-TIME. A 

synchrtmization })rocess for ]mi1.so systems, in 
wliic'h the timing operations are conti oiled by 
a simi.soidal comimnent obtained by filtering 
the received pulse train with a filter having 
a very narrow pass-band. 

SYNCHRONIZATION, START-STOP. Syn- 
chronization of a pulse system on a zero-delay 
basis. • 

SYNCHRONIZING (IN TELEVISION). 

Maintaining two or more scanning ])rocesses 
in phase. 

SYNCHRONIZING COMPRESSION. See 
sync compression. 

SYNCHRONIZING LEVEL. See sync level. 

SYNCHRONIZING, POWER CIRCUITS. 
See parallel operation. 

SYNCHRONIZING PULSES. See sync 
pulses. 

SYNCHRONIZING, RADIO CIRCUITS. 

There a:e various ty[)es of synchronizing n*- 
(Iiiirenieiits in the field of radio and television 
engineering. In ctTtain apjdications two or 
more oscillators need to be synchronized, i.e., 
tied together so their freiiuencies remain the 
same. This may be acromplibhed by inject- 
ing into each cinaiit a synchronizing signal 
from some common source (which may he one 
of the oscillators being synchronized). It is 
characteristic of many oscillator circuits that 
thc 3 )r will lock in frequency with an injected 
signal if its frequency is near the natural fre- 
quency of the oscillator or is a harmonic of 
the natural frequency. In television it is es- 
sential that the reproducing circuits of the 
receiver bo synchronized with the transmitter 
camera device so the reconstructed scene will 
have its components in the proper places. 
This is af'complished by transmitting syn- 
chronizing pulses from the transmitter. In 
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many electronic devices the synchronization of 
various components of the system plays an 
extremely important part, but the basic 
metliocl is that used for two oscillators. 

SYNCHRONIZING SEPARATOR. That 
porlion of a television receiver which oper- 
ates the synchronizinf^ signals (see sync sig- 
nal) from the video signal. 

SYNCHRONIZING SIGNAL. See sync sig- 
nal. 

SYNCHRONOMETER. An auxiliary.devicc 
for frequency standards, wliich effectively 
counts the number of cyck's executed by the 
standard in a given time-interval. It thus 
functions as an extremely accurate clock 
driven by the frequency standard. 

SYNCHRONOUS CONDENSER. A syn- 
chronous motor operated over-excitvd and 
without load. Such a motor ojicrates wdth a 
leading power factor. 

SYNCHRONOUS CONVERTER. See con- 
verter. 

SYNCHRONOUS DEMODULATOR. Sec 
demodulator, hoinodyne. 

SYNCHRONOUS DETECTOR. See detec- 
tor, synchronous. 

SYNCHRONOUS GATE. A time gate where- 
in the output intervals arc synchronized with 
an incoming signal. 

SYNCHRONOUS IMPEDANCE. Sec im- 
pedance, synchronous. 

SYNCHROTRON, ELECTRON. A device 
for accelerating electrons m a circular orbit 
in an increasing magnetic field by means of 
an alternating electric field applied in syn- 
chronism wdth the orbital motion. 

SYNCHROTRON, PROTON. A device for 
accelerating protons (or deuterons or ot-par- 
ticles) in a circular orbit in an increasing 
magnetic field by means of an alternating 
electric field applied in synchronism with the 
orbital motion. 

SYNERESIS. The contraction of a gel with 
accompanying pressing out of the interstitial 
solution or scrum. Observed in the clotting 
of blood, with silicic acid gels, etc. 

SYNOPTIC REPORTS AND CHARTS. In 

meteorology ;:/bberv’’ed weather conditions are 


placed in brief coded form as a synopsis of the 
conditions. Such briefs of conditions are 
known as synoptic reports. Likewise, a map 
upon which an analysis of the data appears is 
known as a synofitic chart. Synoptic charts 
may show conditions at sea level, any other 
level, or in cross section. 

SYNTHETIC DIVISION. An abbreviated 
process, using detached coefficients, for finding 
the quotient of a polynomial in one variable 
X by a divisor of the form a: — r, where r is 
a constant. The jirocedure may be illustrated 
by the polynomial aoX^ + aix^ -f -f- 
+ 04. The results can be obtained in the fol- 
lowing form which is self-explanatory: 

Co Cf2 

dor Air 


ao, Ai = a^r + Oi, A2 = Air + ^2, 

aj r 

A2r Ayr 

A3 — A 2?* + a It — A f- Uj 

The quotient is uuX^ t- A^r^ + AjX -f A3 and 
the remainder is R. A similar jirocess ajiplies 
to a polynomial of any other degr(‘(' In the 
general case, if the coefficieni of any power of 
X is missing, a zero should be sup])lied m the 
a])propriatc place in the first line ol the 
scheme. If the remainder in the synthetic 
division is zero, then the divisor is a factor 
of the given polynomial 

SYSTEM, (1) A specified region, or jiortion 
of matter, containing a ilefinite amount of a 
substance or substances, arranged in one or 
more phases. ( 2 ) A plan of arrangement of 
terms or entities, especially those composing 
a larger aggregate. 

SYSTEM(S), BINARY, TERTIARY. . . . 

Systems composed of, respectively, two, three 

. . . components 

SYSTEM, CONDENSED. A system from 
which the gaseous phase is absent or, more 
commonly, is disregarded because of its very 
slight effect upon the processes under con- 
sideration. 

SYSTEM DEVIATION, MAXIMUM (FM 
SYSTEMS). The greatest frequency devia- 
tion specified in the operation of the system. 
In the case of FM broadcast systems in the 
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range from 88 to 108 megacycles per second, 
the maximum system deviation is 75 kilo- 
cycles per second. 

SYSTEM, HETEROGENEOUS. A system 
having more than one phase. 

SYSTEM, HOMOGENEOUS. A system hav- 
ing only one phase. 


SYSTEM(S), NONVARIANT, MONOVARI- 
ANT, DIVARIANT. . . , Systems having, 
res])pctively, zero, one, two . . . degrees of 
freedom. 

SYSTEM, STABLE. A system that can un- 
dergo considerable variation in external con- 
ditions, such as tcmi)erature, pressure, etc., 
without fundamental change. 


T 


T. (1) Temperature, absolute (T), tempera- 
ture, Kelvin (Tj, temperature of freezing 
point of water (absolute, To) (ordinary ^o), 
ordinary temp(*raturc (i), critical tempera- 
ture (^c or To), (2) Time (0- (3). Rever- 
beration time (T). (4) Transport number 

(T). (5) Radioactive half-life (T or /'a). 

(G) Oscillation period, or period of a periodic 
motion (T). 

T SECTION. A network connection which 
has two elements in series in one line and a 
third element in shunt from the junction of 
the two series elements to the opposite line, 
thereby giving a circuit diagram which looks 
like a T. 

TACAN. A w'ord coined from the expression 
‘‘tactical air navigation”; a system hereby 
the distance and b(‘aring of an airplane from 
a fixed point is indicated on dials, or other 
devices within the airplane. Ultra-high-fre- 
qu(‘ncy signals pass between plane and ground 
station, the o])erator in the plane timing 
to the station frequency. Because of the 
“straight-line” direction of these high-fre- 
c\ucncy waves, the etR’ctive range is essentially 
limited to the line of sight, and many ground 
stations are required in a complete system. 

TACHOMETER. An instrument used to 
measure angular velocity, as of a shaft, either 
by registering the number of rotations during 
the j)erio(l of contact,. or by indicating di- 
rectly the number of rotations per minute. 

TACITRON. A thyratron capable of cur- 
rent int('rru])tion by grid action, which also 
generates much less noise than a conven- 
tional thyratron II s anode current can be 
turned on or olT in about a inicro'-econd with- 
out the necessity of anode voltage removal, 
due to a special grid d(*'^ign w’hich limits ion 
generation to the grid-anode region. 

TAILING. Pee ha igover. 

TAKING CHARACl ERISTIC. See camera 
spectral characteristic. 


TALBOT. The M.K.S. unit of luminous en- 
ergy (sec energy, luminous). One talbot is 
equal to 10“^ lumergs. One joule of radiant 
energy having a luminous energy efficiency 
of X lumens jier watt is x talbots of luminous 
energy. One lumen is a luminous flux of one 
talbot per second. 

TALBOT BANDS. If a glass plate of the 
proper thickness is inserted, from the side of 
the blue end of the spectrum, into a spectro- 
scope so as to cover one-half of the aperture, 
a series of bands a])pear in the spectrum. 
(S(‘e Ditchburn, Jjight, for detailed ('xplana- 
tion ) 

TALBOT LAW. The ajiparent brightness of 
an object viewed through a slotted-disk, ro- 
tating above a critical fref|U(‘ncv. is^])ropor- 
tional to the ratio of the angular aperture of 
the open to the opaque sectors. 

TAMM-PANCOFF METHOD. T(chni(iue 
for approximating to the wave-function of a 
system of interacting particles, es])ecially nu- 
cleons and mesons, by describing it as a sujx'r- 
pci.-^ition of a certain nunibt'r oi po^v-ibh* state"-. 
This number is decided upon a jmon and de- 
termines the order of the apjiroximation. No 
exjilicit assumption is made al^oiit the small- 
ness of the interaction and indexed in contrast 
to the usual perturbation theory the theory 
of the motion is developed non-adiabatically, 
i.e , the equation of motion of the interacting 
paidicles is d(‘veloped at the same time as the 
term describing their interaction. 

TAMM LEVELS. Pee surface states. 

TANDEM (CASCADE). Two-terminal pair 
networks are in tandem when the output ter- 
minals of one network are directly connected 
to the injnit terminals of the other netw ork. 

TANGENT. Take a point P on a eun’o, a 
neighboring point P', also on the curv'e, and 
draw^ the secant line PP'. As P' approaches 
P, the secant approaches a limiting position 
which is the tangent to the curve at P. The 



885 


Tangent Galvanometer — Taylor Interference Experiment 


slope of the tangent at P is frequently called 
the slope of the curve at that point. 

If the curve is described by ij = j{x) and 
the coordinates of the point of tangency are 
P(x^,yi)^ then the .slope of the tangent is the 
derivative /'(xi). The equation of the tan- 
gent is 

J/ - 2/1 = - -ri). 

All tangents to a surface at a given point lie 
in a tangent plane to the surface. If the sur- 
face is given by z - tlu* equation of the 

tangent plane at the point is 

df df 

{x - Xi) -- + Oy - ?yi) — = 2 - Zu 
dx ay 

where the partial derivatives arc to be evalu- 
ated at the given j)oint. 

TANGENT GALVANOMETER. See gal- 
vanoineter, tangent. 

TANGENTIAL FOCUS. See astigmatic fo- 

CHS. 

TANK. See pool tube. 

TANK CIRCUIT. A circuit capable of stor- 
ing electrical energy ov(>r a band of Irequen- 
eies eontiniiously distributed about a single 
frecjiiency at which the eireuit is said to l)e 
r(‘sonant, or turu'd. The selectivity of the 
eireuit is iirojiortional to the ratio of energy 
stored in the circuit to the energy dissijiated. 
This ratio is often called the Q of the circuit. 

TANK CIRCUIT, K OF THE. I lie ratio of 
the tank circuit volt-amperes to w^atfs dissi- 
pated, including the load, is .sometimes called 
K. Tins ratio is more generally knowm as Q. 

TANTALUM. Metallic element. Symbol 
Ta Atomic number 73. 

TANTALUM DETECTOR. A rectifier de- 
tector consisting of a fine tantalum wire in 
contact with a mercuiy pool. 

TAPE, MAGNETIC CORE. A toroidal core 
formed from thin magnetic tape w'ound in a 
tight, continuous spiral. 

TAPE RECORDER. A device w’hich roconis 
information by magnetization of the mag- 
netic jiarticlcs adhering to a plastic or paper 
tape. 

TAPERED TRANSMISSION LINE. See 
waveguide, tapered. 


TAPERED WAVEGUIDE. S( c waveguide, 
tapered. 

TARGET. (DA substance or object exposed 
to bombardment or irradiation. A thin tar- 
get is one of thickness so small that there is 
negligible (‘iiergy loss or absorption of the in- 
cident particles or photons traversing it, A 
thick target is one of such thickness that there 
appreciable energy loss or absorption of the 
incident particles or photons traversing it. 
An infinit(‘ly thick target is one of such thick- 
ness tlMit there is complete a])s()r|ition of the 
incident [larticles or ])hotons. f2) The anode 
or anticathode of an x-ray tube, from wliicli 
the x-rays are emitted a-> a result of electron 
homhardment (3) The initially stationary 
atom or nucleus in a nuclear reaction. (4) 
Any object capal)le of reflecting a sonar or 
radar beam. (5) The signal electrode of an 
image-dissector tube. 

TARGET STRENGTH. Th(‘ target strength 
T, in decibels (an acoustic term), is given by 

T - a; - N + 21 f, 

w'here K = echo level in decibels, S = source 
level in decibels, 211 = total transmission loss 
in decibels. 

TAU. (D Time (t). (2) Time constant (t). 
(3) Radioactive mean life (r). (4) Trans- 
mittance (t). (5) Unit vector tangent to i)atli 

(t) (6) Decay modulu‘«i (r). 

TAYLOR INTERFERENCE EXPERI- 
MENT. O. 1. T aylor s('t up a diffraction ex- 
pennu'iit using light so faint that it w^as un- 
likely that there should lx* two photons in the 
apparatus at the same time. Very long pho- 
tographic exposures were required. The dif- 
fraction pattern w'as just the same as tliat ob- 
tained wdih a strong source of light. This 
exptTim(‘nt raisc'd an int(‘r(*sting (|uestion. 
Since liglit energy is concentrated in quanta 
(photons) and only one photon w^as present 
at a time, it could go over only one of the twm 
possible paths. Then what did it react wdth 
to form a diffraction pattern? Quantiun me- 
chanics supplies an answ^er by indicating that 
the w’ave properties of light, w’hieh allows in- 
terference, merely determine the probability 
of tlie photon reaching a given location. 
Hence the photon may be said to interfere 
w'ith itself. 
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TAYLOR-OROWAN DISLOCATION. See 
dislocation, edge. 

TAYLOR SERIES. Sc(‘ Taylor theorem. 

TAYLOR THEOREM. The Taylor theorem 
states that J (x) may be expressed as a finite 
senes in powers of (x — a), 


fix) = /(a) + (x ~ a)/' (a) 


+ 


2 ! 


/"(a) 


+ ... 


+ 


(j - 0)"“^ 




The last term, which lias several different 
forms, is the remainder after n terms If the 
remainder aj)proaeh(‘s zero as the nninher of 
terms increases without limit, tlie resulting in- 
finite power senes is (‘ailed the '’faylof series 
In order to expand a given function in such a 
seri(*s, both the funcdion and its derivatives 
must exist at x ~ a The theorem mav be 
extended to give a series for functions of iuo 
or more variables. (See also the Maclaurin 
theorem.) 


TEARING. In television, a synchronizing 
circuit disniption which causes the displace- 
ment of lines from their normal position. The 
visual effect is as though yiortions of the image 
had been physically torn away. 


TECHNETIUM. Radioactive element, not 
found in nature Symbol Tc. Atomic num- 
ber 43. 


TEE JUNCTION. See junction, tee. 

TEE, WAVEGUIDE. See waveguide tee. 

TELECAMERA. Any of the various tubes, 
such as the image dissector, orthicon, icono- 
scope, which relate an optical image to elec- 
trical current. 

TELECENTRIC SYSTEM. A telescopic 
system with the aperture stop placed at one 
of the foci of the objective lens. If the aper- 
ture stop is placed at the focus on the side 
of (he image, the system is “telecentric” on 
the side of the image. If the ayicrture stop 
is placed on the side of the object, the system 
is “teleccntric” on the side of the object. This 
is useful in mea'^urlng telescopes, since a 
slight change from exact focus will not greatly 
change the apparent size of the object. 


With a telecentric system, either the en- 
trance or the exit pupil is at infinity. 

TELEGON. Trade name for one type of 
selsyn or synchro which, because of its design, 
docs not recyuire moving contacts. 

TELEGRAPH REPEATER. A relay inserted 
at intervals in a telegraj)!! line to amyilify the 
signal. The relay coil is actuated by the w^eak 
incoming signal, while the relay contacts and 
a local batti'ry initiate a strong outgoing sig- 
nal. 

TELEGRAPH SOUNDER. See sounder. 

TELEGRAPHY, rouununication by tele- 
graj)h, whether the older manual type or the 
more recent automatic or piinting type, is 
done by a code of ('l('ctiu‘al pulses In the 
manual type the operator sends a certain 
combination of pulses for each letter of his 
message and th(‘ r(‘cciving op(‘iator then tran- 
.senbe'- IIhmu into tlie chaiactoristic l('t1ers In 
the more (‘omj)li(‘ated automatic types the 
s(‘n(Iing operator nsc^ a kewboard similar to 
tliat of a typ('\M’itei , and the ('quipment trans- 
lorms the sinking of a key into the jiroper 
signals (not the same code as for manual op- 
eration) and a machine at flic rocedving end 
selects (he piopc'r Icttcu’ and the nu'ssagc is 
typed The message may 1)0 transcribed to a 
punched tape and then transmitted automati- 
cally. 

TELEMETER. The measurement of various 
quantities at a distance by the transmission 
of a suitable signal by telegnipli, telephone 
or radio. Also the complete equiimiciit used 
for this puiposc 

TELEPHONE RECEIVER. An earphone 
for u^e in a telephone system (See trans- 
ducer, electroacoustic.) 

TELEPHONE RECEIVER, BIPOl.AR. A 
telephone receiver in which the alternating 
force, due to the alternating current in the 
electromagnet, operates directly iipim a dia- 
phragm annature of steel. 

TELEPHONE RECEIVER, CRYSTAL. A 
telephone receiver consisting of a light dia- 
phragm connected to a Rochelle salt crystal. 
The three comers of a “bender’^ crystal are 
fastened to the case. The fourth comer is 
connected to the diaphragm. 
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TELEPHONE RECEIVER, DYNAMIC. A 
telephone receiver consisting of a light dia- 
phragm coupled to a voice coil and a suitable 
mechanical network for controlling the re- 
sponse. 

TELEPHONE RECEIVER, INDUCTOR. 
A telephone receiver in which a straight line 
conductor, located in a magnetic field, drives 
a '‘V”-shaped diaphragm. 

TELEPHONE, SOUND POWERED. See 
sound-powered telephone. 

TELEPHONE TRANSMITTER. A micro- 
phone for use in a telephone system. 

TELEPHONY. The science of communicat- 
ing speech by electrical means over wire cir- 
cuits. The com])lcte system has at least three 
fundamental components, the tnin&midcr 
which converts the sound variations into elec- 
trical variations, the transmission circuits and 
the receiver which converts the electrical vari- 
ations back into sound. 

TELEPHOTO. See facsimile. 

TELEPHOTOGRAPHY. Phol ography of 
dislant objects by means of a special, magni- 
fying, camera-objective (teleplioto lens). 
Teleijiiotogriipliy has become very important 
in pljotographing tlie ground from high flying 
aircraft (aerial photography), 

TELLER-REDLICH PRODUCT RUI.F. For 

two isotopic moh’cules the i)roduct of the fre- 
quency ratio values for all vil rations 

of a given symmetry type is independent of 
the potential constants and depend^ onlv on 
the masses of the atoms and tlie g('unictrical 
structure of the molecule. (See 0 Hedlicli, 
Z. physik. Chem. B. 28, 371 (1935) ) 

TELESCOPE. A device wliich may mnsist 
of a single lens or mirror, but frequently i.s a 
telescopic system, by wliieh distant objects 
may be observed. 

TELESCOPE, CASSEGRAINIAN. Sec Cas- 
segrainian telescope. 

TELESCOPE, DAHL-KIRKAM. See Dahl- 
Kirkam telescope. 

TELESCOPE EXIT PUPIL (EYE RING). 

The exit pupil or eye ring of a telescope is 
the imago of the aperture stop, commonly the 
objective lens, formed by the eye lens. For 
maximum field of view, the exit pupil of the 


telescope should coincide with the entrance 
pupil of the ol)server^s eye. The intersection 
of the f)lane of the exit pupil wdth the optical 
axis of the instrument is tl^c eye point, i.e., 
the proper position for the observer’s eye. A 
Galilean telescope has a virtual exit pupil, 
and lienee the field of view i^; restricted. 

TELESCOPE, GALILEAN. See Galilean 
telescope. 

TELESCOPE, GREGORIAN. Sec Gregor- 
ian telescope. 

TELESCOPE, NEWTONIAN. See New- 
tonian telescope. 

TELESCOPE, REFLECTING. See reflect- 
ing telscope. 

TELESCOPE, REFRACTING. See refract- 
ing telescope. 

» 

TELESCOPIC SYSTEM. A combination of 
objective and ocular with which distant ob- 
jects may be ob^^erved visually, photographi- 
cally or by oilier detecting means. 

TELETYPE. A telegraph system which em- 
ploys a typewriter mechanism for transmis- 
‘-lori and reception. Pressing a given key at 
tlie transmitter initiate's a coded signal which 
(*aii-('s the coiTcsponding key to be actuated 
at the receiver. 

TELETORQUE. Tradt' name for a synchro. 

TELE\TSION. Television is the transmission 
and reception of visual images, either still or 
int^tion, by electrical moans, commonly by 
radio, for instantaneous \iewing without per- 
manent recording. F(a- a practical system 
certain fundamental components or functions 
are neces'^ary: 

(1 ) ramera device to pick up the scene. 

(2) Transducer to convert the light im- 
pulsc^ of the scene to corresponding electrical 
piiKes. 

(3) Transmitter to convert the electrical 
pulses into proper form to be transmitted to 
the receiver. 

(4) Receiver to pick up the transmitted 
signals and convert them to the proper form 
to apnlv to a transducer. 

(5) Transducer to convert the electrical 
pulses back into light in a reproduction of the 
original scene. 

Wliile in both still and motion pictures the 
entire scene is utilized at the same time to 
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produce the film image, in all the present 
practical systems of television it is necessary 
to break up the scene into minute eh'inents 
and utilize these elements in an orderly se- 
quence. This process is called scanning and 
is very similar to the process of reading line 
by line the printed page. In r(*ading tlie eye 
l)rogres.sc*s along the line word by word, rela- 
tively slowly, and then returns rapidly to the 
beginning of the next line, and repeals this 
])rocess on down the page. In scanning the 
picture must be broken down into lines of suc- 
cessive tdenients just as the eye breaks down 
the printed i)age into words. While tliere 
hav(‘ been various methods dc'veloped for [)er- 
forming this function all those in use* at the 
present time utilize some (dectrical means. 
However, since it gives a rather clear idea of 
the basic process, we might consider one of 
the earlier nua-hanical methods usin^ a re- 
volving disk. This disk had a seri(‘s of small 
holes along a spiral tuair its outer edge as 
showm in Fig. ]. Suj)pose, now, the jiicture 


Sc«ne Being Viewed 



Is vji‘\\ed tliroiigh these holes as the disk is 
rapidly ii'\olve{l The outermost hole passes 
across tli(‘ toj) ot (h(' [)ieture so if the obseiwcr 
is lookiiig thr()ugli it he s(‘es successively the 
parts of lli(‘ j)iclure oj^posite the liole as it 
passes across the scene. As the first hole 
mov(‘s beyond the edge of the picture, the sec- 
ond comes to the other edge, and since it is 
one hole diameter nearer the center of the disk 
than the first, it covers a second line across 
the picture. Then the third hole crosses a 
line just below the second and so on until the 
disk has made a complete revolution wdicn the 
entire picture has been covered. This is re- 
peated at the rate revolution of the disk. 
If these successive small sections of the pic- 
ture as seen hroiigh the disk can be made to 


produce corresponding electrical effects the 
(‘11 tire picture can be reproduced in an orderly 
sequence of electrical pulses. When the disk 
was the standard means of scanning this was 
aecoTnplisli(*d by re})lacing the eye of the above 
discussion by a phototube. Modern televi- 
sion, as has been said, utilizes an electrical 
scanning method. 

The received scene must be reconstructed 
from these electrical pulses, or their received 
(equivalents. If we assume lliat the original 
scanner broke the picture down inlo tem lines 
and each line had ten elenumts side by side 
(this is delermined by the wddth of the hole, 
being the width of tie** picture divided by the 
liole widih) then we have 10 times 10 or 100 
elements in the scene and our reproduced pic- 
ture must be built of 100 blocks. It can read- 
ily 1)0 sO(‘ii that ilii.^ would give a very coarse 
mosaic effect to the ])icture since each ele- 
ment is fixed in intensity of light "More lines 
would give more elements and finer detail in 
I he receiver ^ccth'. A clo^c comparison may 
!)(' drawm between Hus and (he printed pic- 
tures of newspapers and magazine's The rela- 
tively coar'^c' nev''-])ai')t'r picture's are lacking 
in de'lail wdiile' tlie‘ usual magazine' Inflf-tonos 
give very geiod detail, 'flie" difference between 
these picture\s is the nmtiber e)f dots or ele- 
ments (e'’oarly vi<^ible' if the* i)rinte'el picture 
i'^ vitnved through a magnifying glass) of 
which they are compo^-ed. Various technical 
e-onsielerations dictate the e-xae't niimbe'r of 
lines into which the t^'levision scene may be 
l)i‘oken, but at pre'sont it is of the order of 500, 
wdiile the future liolds promise of much higher 
numbers and conseqiU'ntly much better detail. 

Besiek's the number of linos per scene, the 
enginc'or must elecide upon the repetition rate. 
In moA'ing pictures at present the action ef- 
fect is produced by projecting upon the screen 
succc'ssive scenes taken and projected at tlio 
rale of 21 per see The ]i(‘r^ist(‘iice of vision 
of the eve then gives the effect of smooth mo- 
tion. The television pictures mu'-t also be 
repeated at a rate high enough to gi^T the 
illusion of smooth motion. While the motion 
picture rate of 24 frames per see would he 
satisfactory for this the standard power sup- 
ply frecpieney of 60 cycles dictates the use of 
I-JO frames per see for television. Further to 
improve the quality of the reproduced pic- 
ture, the scanning is not done for adjacent 
line.s in order, but the picture is scanned over 
alternate lines first and then scanned again 
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over those missed the first time. Tiiis double 
scanning, known as interlaced scanning, is 
done in the thirtictli-of-a-second period of one 
frame. 

A block diagram of a complete television 
syblem is shown in Fig. 2. The original scene 
is focused on the camera tube by a light lens 
system. The camera tube converts this light 
picture into the secpience of electrical elements 
necessary for transmission. (For the opera- 
tion of two of the \arioiis types of camera 
tube see iconoscope and image dissector.) 
The very minute electrical signals coming 
from the camera tube are amplified )jy \m<1(‘ 
band amplifiers, the wide band being necessi- 
tated by the great range of frequencies pro- 
duced by the modem multi-lino systems 
Tin 3 wide band amy)lifier feeds a monitor cir- 
cuit which reproduces the televised scene on a 
picture tube so the operator can check the 
camera circuit operation continuously. It 
also drive's the modulator whicli modulates 
tlic f)icturc signals on tlic radio-frecpicncy 
carrier in a mnmuT very similar to that of 
tlie audio modulation of conventional broad- 
casting Tli(‘ inodiilatcMl radio frequency is 
then fed to tlie antenna and radiated into 
sjuice. At tli(‘ Name time tlu' microphone is 
picking up the sound associated with tlu* 
scene. This signal is amplified anr] impressed 


on the radio frequency sound carrier just as 
for any amplitude modulated transmitter. 
The sound-modulated carrier is radiated si- 
multaneously wdth the picture carrier. Both 
are then picked up by the receiving antenna, 
amplified and fed through the firet detector 
and intcTinediate frequency amplifiers of a 
superheterodyne receiver. The two types of 
signal are then s(‘paratcd and each is fed to 
its proper detector or demodulator. The 
sound signals, now at audio frequency, are 
further amplified and drive the loudspeaker. 
The lecture signal circuits arc much more 
(‘omplex Tn order to reproduce the scene at 
the receiver, it is necessary for the receiver 
transducer, tvhatever its nature, to follow ex- 
actly the operation of the camera tube. Thus 
when the camera seans the scene at a given 
rate, each scanning line ertarting at a definite 
lime after the preceding one, the picture tube 
must retrace th(* scene in exactly the same 
order, each line starting at the same time in- 
t(*rval after the proceeding one. Othorwuse the 
\arinus lines might get badly skewed or out 
of synchronism and a badly distorted picture 
would result. I'o insure accurate synchroni- 
zation between tlie transmitting end and the 
rect'iving (uid, syncdironizing pulses are trans- 
mitted at the ('Tid of each scanning line. In 
acldition Nvuchronizing pulses to govern the 



Fig 2 Block diagram of television system 
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return of the scanning to the top of the scene 
are also transmitted. These various pulses are 
impressed on the signal in the transmitter 
during the short time interval while the scan- 
ning IS returning from the end of one line to 
the beginning of the next. In the receiver 
these synchronizing pulses must be separated 
from the detected signal and routed into the 
proper channels. They arc then used to syn- 
chronize the sweej) oscillators which give the 
reversed scanning at the receiver or picture 
tube. The video signals without the synchro- 
nizing pulses arc amplified in the propel chan- 
nels of the circuit and also fed to the picture 
tube. The electronic picture tube is the cath- 
ode ray tube. Tlie electron beam issuing 
from the gun is modulated in intensity by the 
pictuie or video signal so the intensity of the 
fluorescent spot produced by it on the tube 
screen is a reproduction of the intenr>ity of 
the corresponding part of the original vcotie 
The synchronizing and scanning circuit pro- 
duces a sweep signal which is aj)plied to tlie 
incture tube by plates or coils just as in the 
oscilloscope discus<^e(I in the section on cath- 
ode ray tubes. This sv^eej) a(‘tion rallies the 
electron beam relatively slowly across 11h‘ 
screen; then blanks it and returns it rajiidlv, 
moves it down and rejieats, the time for each 
operation being the ‘^alne as for the corre- 
sponding c)])cration in the camera tube, the 
two operations being link(‘d tog(‘tIuT by the 
synchronizing jnilses After eomph'ting the 
scanning of alternate lines of tlie ])ictuio, the 
beam is deflected back to the top of tlie pic- 
ture and repeats this operation, now filling in 
the alternate lines which wvvc skipped on the 
first scanning, again in exact synchronism 
with the same process m the camera tube It 
can be seen, tlam. that since the intensity of 
the spot correspond*^? at each instant to the 
intensity of the original scene and the posi- 
tion of the spot corresponds with the posi- 
tion of the original «?canning position at the 
original scene, the reproduced effect on the 
screen of tlie picture tube is the scene which 
was picked up by the camera. 

AVhile the various systems of television in 
current use are all electronic in nature and 
differ in details rather than principle, the sys- 
tems are highly complicated and are subject 
to ceilain limitations. The frequency band 
of the video signal is pioportional to the num- 
ber of lines, tlie width of the elements in any 
line and the m mber of frames per second, giv- 


ing a band width of several megacycles for 
satisfactory reproduction. Since this re- 
quires a correspondingly wide radio- frequency 
channel it is entirely impracticable to use 
earner frequencies in the ordinary broadcast 
band, both because the entire band could ac- 
oommoilatc less than one station, and also be- 
cause of complications in designing suitable 
selective circuits at these frequencies. These 
factors have forced television to the very high 
frequency region Further to aid in the prob- 
lem of getting the most out of the available 
spectrum space, both sidebands are not trans- 
mitted, but one is eliminat('d except for the 
components nearest *he carrier. This is 
known as vestigial transmission and is a com- 
promise between conventional double sidc- 
l>and and single sideband transmission The 
audio signal band is transmitted on adjacent 
fretpiencie*??, the spectral arrangement being 
in Fig. 3 Because of the nature of 



Fig 3. 8pt c-ti.il (listnbutum of signal 


jiropagation at these high freciueneies the 
range of television stations is very limited, 
reliable reception being possible over dis- 
tances very little greater than line-of-sight 
distances. Under abnormal atmosph(‘rie con- 
ditions recepiion can be secured over greater 
distances, soinetiiiies even running into hun- 
dreds of miles, but this is extremely erratic 
and occurs only rarely. The reflection and 
diffraction problems which accompany these 
liigh frequencies al&o enter the problem and 
limit the satisfactory reception of television. 
It seems doubtful if reliable reception will be 
available for years for any but the residents 
of urban and suburban areas. The conven- 
tional chain service of standard broadcasting 
is also unlikely since the wide band of video 
frequencies introduces grave problems in wire 
transmission. The coaxial cable is the only 
possibility for wired program connections and 
it is very expensive. Automatic relay trans- 
mitters and receivers operating on ultra high 
frequencies offer the possibility of radio- 
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linked networks. However, the entire trans- 
mitting procedure is so expensive at present 
it is doubtful if smaller communities will 
justify the expense so television sendee for 
these and rural areas must wait for tcohnieal 
advances to bring down the costs. Tn spite of 
these limitations, the service which can be 
rendered in large pof)ulation centers is at ])res- 
ent satisfactory and wdthin the very n(‘ar fu- 
ture bids fair to be greatly improved, both by 
dcveh)pment of systems using more lines and 
by reduction of the cost of color television. 

TELEVISION, DOT SEQUENTIAL, COL- 
OR. A system of color television wherein 
the dots or smallest picture elements arc ])ro- 
diiccd in a red, blue, green sequence. 

TEI E VISION, FIELD SEQUENT! AT 
COIiOR. A systc'Tu of color television in 
which the fields are produced in a red, blue, 
gn'cn se(|uence 

TELEVISION, LINE SEQUENTIAT., COL- 

OR. A system of color television in which 
the linos arc produced in a red, blue, green 
sequence. 

TELEVISION RECEIVER. A device to re- 
ceive transmitted television signals and con- 
vert these signals to tlie pictures and sounds 
of the te](*vi‘^ion program. 

TELEVISION TRANSMITTER. The aggre- 
gate ot such radio-frequency "<nd modulating 
equi])ment as is necessary to supply to an 
antenna system modulated radio- frequency 
power by means of w'hich all the comoonent 
parts of a complete television signal (includ- 
ing audio, video, and synchronizing signals) 
are concurrently transmitted. 

TELLURIUM. Nonmetallic element Sym- 
bol Te Atomic nunibcr r)2. 

TE„. „„ RESONANT MODE (TN CYLIN- 
DRICAL CAVITY). Sec resonant mode, 
TE„,,n,p (in cylindrical cavity). 

TE,„„ WAVE (IN CIRCULAR WWE- 
GUIDE). See wave, TE,;, „ (in circular 
waveguide). 

TEn, „ WA\ E (IN RECTANGULAR VVAVE- 
GUIDE). Sec wave, TE,„ (in rectangular 
waveguide). 

TEMPERATURE. Fundamentally, tem- 
perature is a manifestation of the average 


translational kinetic energy of the molecules 
of a substance due to heat agitation, and is 
measurable by any one of many physical ef- 
fects due to changes or differences in this en- 
ergy. Thus, substances expand, their elec- 
trical resistivity changes, gases and vapors 
exert varying pressure, tlie viscosity of fluids 
alters, etc., as the temperature varies; and the 
state of aggregation ot any substance (w’hether 
solid, liquid, or gaseous), under a fixed pres- 
sure, dei)ends primarily upon the temperature. 
Very imperfectly, also, our special tempera- 
ture sense is able to judge wdiether one body 
witli which we come into contact is warmer 
or coldrr than another. Tleat energy always 
tran'^fers itself spontaneoiislv from the warmer 
to (he cooler ]^arts of any body or system of 
borliev. ii(‘ver in the reverse direction, and the 
transfer ceases wdion the tenqieraiures become 
equnliz*‘d The temperature of a vacuum 
may he dotinc'd as the tcThperature of a small 
l)ody plaec'd in it and in thermal equilibrium 
with it All measurements of temperature, 
upon wdiatever principle they are based, are 
comprised under thermometry. (See also 
temperature scales.) 

TEMPERATURE, ABSOLUTE. (1) The 
temiieiatiire measured on the thermodynamic 
scab* (2) The temperature measured from 
the absolute zero ( -273 16^0. Degrees 
cenligrode -(• 273.1 (i” - degre'cs absolute. 
(See temperature .scale, Kelvin, and tempera- 
ture scale, absolute.) 

TEMPERATURE, COLOR. The tempera- 
ture at which the light from a comnletc radi- 
ator matches in chromalicity tlie light from 
the given source. 

TEMPERATURE COLOR SCALE. The re- 

laHonship between tlu' temperature of an in- 
candescent body or suh^lance, and the cohu* 
of the light emitted Thus, wdien metals are 
healed, a faint red glow becomes ])erceptible 
at fiOO^C, or shghtlv higher, becoming liright 
red at around S00°-9f)0°C, and reaching 
“while” heat at about ITiOO^C. 

TEMPERATURE, CORRELATED COLOR. 

The color temperature (sec temperature, 
color) of a source where the black body 
chromaticily not only matches the source, but 
is as similar ])ossible to it. 

TEMPERATURE, CRITICAL. That tem- 
perature above which a gas cannot be lique- 
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fled by application of any pressure, however 
great. Tlio following are the critical tem- 
peratures of some common substances (in de- 
grees centigrade) : 

Carbon dioxide 31.1 

Ammonia 132.9 

Lther . . . 190 

Water . . 374 

Nitrogen —147.1 

Oxygen —118.8 

TEMPERATURE GRADIENT. The tem- 
perature gradient, wliidi determines t*he di- 
rection of heat flow by thermal conduction, is 
directed normally to the isothermal (3) sur- 
faces. Its magnitude is the space rate of 
change of temperature in this direction, i.e., 

i'Z ~ 

|V/| = Lirn . 

As 0 Aif ^ 

whore and tz are tlie tcmpoiaturc.s on two 
isothermal .sin faces separated by a di'-tanee 
A.s. In many cases of linear heat flow, tlio 
talue of (fo— is independent of A.s* 

and the average temperature giadient i^ iden- 
tical at any iiomt. 

TEMPERATURE GRADIENT IN THE AT- 
MOSPHERE. The inaxiimmi late of de- 
crease of temperature with distanec in the 
atmosphere is known as the thermal giadient 
Temperature gradients directed viTlically are 
knowm as lapse rates. 

TEMPERATURE, LUMINANCE. 1 or any 

source of radiation, the luminanee tempera- 
ture 1 *^ that of a complete radiator wliich has 
the same luminance for a sp(H‘ified w"a^e- 
hngth (or in practice, for a specifi(‘d narrow' 
^jicctral region). 

TEMPERATURE (T®), MAGNETIC. See 
magnetic thermometer. 

TEMPERATURE, NEUTRAL. Ttie temper- 
ature at which the electromotive force pro- 
duced by heating one junction of a thermo- 
couple the other junction being constant at 
reaches a inaxiimmi. Above this tem- 
perature th(' electromotive force steadily de- 
crea.ses until it reaches a zero value. The 
latter point is calle I the temperature of in- 
version. For an i’’o ' copper couple the neu- 
tral temperature is 275°r and the tempera- 
ture of inversion 550°C. 


TEMPERATURE, POTENTIAL. See poten- 
tial temperature. 

TEMPERATURE, RADIATION. For any 

source of radiation, the radiation temperature 
IS that of a complete radiator, which has the 
same total radiant emittance. (See emit- 
tance, total radiant.) 

TEMPERATURE, REVERSAL. See reversal 
temperature. 

TEMPERATURE SATURATION. The con- 
dition wdiich exists m a thermionic (‘Icctron 
tube when tlie space current (for a given set 
of electrode \oltages) <*annot be increased by 
further increase of cathode temperature The 
tiiljo IS s;ud to be space-charge limilod wflien 
operating in tlie region of temperature satura- 
tion. 

TEMPERATURE SCALE, ABSOLUTE. 

Any temperature scale whose zero is the ab- 
solute zero of temperature, — 273 1G”C or 
- Ibb 7 'F The most commonly used scale 
i*- the Kelvin scale, hut the Kankine scale is 
aKo i*m]doyed. (Si'c temperature scale, Kel- 
vin; temperature scale, Rankiiie.) ^ 

TEMPERATURE SCALE, CELSIUS. A 

temperature scale based on the niercury-in- 
glass tbermoniet(‘r, with the fiee/ing point of 
water defined as and tlie boilmg point 

defined as lOO^C, both under (‘onditions of 
normal almospberic j)r(‘ssiire Often (‘ailed 
(he Centigrade scale (See aKo thermom- 
etry; and Introduction.) 

TEMPERATURE SCALE, CENTIGRADE. 

Tlio older name of the C’clsuis tempeiature 
scale in the English-speaking (‘ountries Offi- 
cially abandoned by international agrei'inent 
in 1950, blit still m common use. (S(*e also 

thermometry.) 

TEMPERATURE SCALE, FAHRENHEIT. 

A temperature scale based on the mereury-in- 
glass thermometer, with the freezing point of 
water defined as 32°F and the boiling point 
as 2]2°F, both under conditions of normal 
atmospheric pressure. (See also thermom- 
etry.) 

TEMPERATURE SCALE, INTERNA- 
TIONAL. A scale of tenijiorature fixed by 
international agreement. Betw'een — 190°C 
and -t-6fiO®C, it is based upon the resistance 
of a standard platinum resistance thermom- 
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eter in accordance with the following formulas 
for resistance at temperature t: 

Below 0°C: 

Rt = RoU +Ai + Bt- + C{t- 100)^3] 
Above 0°C: 

Rt - ffo(l + At + Bt^) 

where A, C are empirical constants. From 
-f-GOO'CJ to the gold point, it is ])asc(l upon 
the platiniini-platiniiiri rhodium thermocou- 
ple, and beyond this upon the optical pyrom- 
eter. 

TEMPERATURE SCALE, KELVIN. A 

thermodynamic temperature scale based upon 
the efficiency of a reversible heat engine, oper- 
aliiig 111 cycles between two heat reservoirs. 
The temperatures of the two rcser^oll^^ are 
in the same ratio as the quantities of heat 
transferred betwei^n the reservoirs and the 
machine. Tn this manner the temperature 
ratio becom(‘s independent of the working 
substances. To fix the temperature values 
themselves, zero on this scale is defined as 
(hat temperature of the heat sink at which 
the efficiency of the heat engine* is 100^/r . The 
scale may be identifie*d wdth the ideal gas 
scale by defining the size of the degree to be 
the same in both cases, and by defining the 
ice point on the Kelvin scale as occurring at 
273.10 degrees. (See Carnot cycle and ther- 
mometry. ) 

TEMPERATURE SCALE, RANKIN E. An 

absolute temperature scale on wffiicli he dif- 
ference of the boiling and freezing points of 
water is 212° and the z('ro of wdiich is the 
absolute zero of temperature. The freezing 
point of water, under nonnal atmospheric 
pressure, is at 491 .7°R. One degree Rankine 
(°R) - one degree Fahrenheit (°F). iSee 
also thermometry.) 

TEMPERATURE SCALE, THERMODY- 
NAMIC. Sec discussion of thermometry. 

TEMPERATURE, STANDARD. Tn general, 
a temperature established by some unvaT’ying 
process, such as a melting or boiling point or 
pressure or volume of a substance under fully- 
defined conditions. In common use, the term 
is applied to the temperature of a mixture of 
pure ice and water when the pressure on the 
welter surface is one atmosphere. This is the 


temperature of 0° on the Celsius scale, or 
273.16° on the Kelvin scale. 

TEMPERATURE, TRANSITION (TRANSI- 
TION POINT). That temperature at which 
one ]>ha.se of a complete heterogeneous equi- 
librium disapi)cars, and another phase takes 
its pla(‘e. Thus the melting point of a homo- 
geneous solid or the boiling or freezing points 
of a homogeneous liquid, are transition pioiiits. 
The term is most widely used, howTvcT, for 
tlie jiarticular case of transition between two 
solid states of a polymorphic substance. It 
is the temperature at wliicb tw^o forms, com- 
monly crystalline, can coexist in equilibrium, 
wher(‘as above or below' that temperature only 
one form or the other, respectively, arc stable. 

TEMPERATURE, VIRTUAL. See virtual 
temperature. 

TENSfLE STRENGTH, , The resistance of- 
fered by a material to tensile stresses, as 
measured by the tensile force per unit cross- 
s('ctional area required to break it. 

TENSIMETER. An ap])aratus used to de- 
termine transition points (see temperature, 
transition) indirectly by measuring small 
changes in vapor pressure. 

TENSIOMETER. An apparatus for measur- 
ing the surface tension of a liquid by register- 
ing the force necessary to detach a metal ring 
from the surface. 

TENSIOMETER METHOD. v^ee surface 
tension, methods of measurement. 

TENSION A force, usually in a ware, string 
or rod, supporting a w'cight or otherwise 
stretclicd betw’een two points. (See also ten- 
sion, surface.) 

TENSION, SURFACE. Sec surface tension. 

TENSOR. A set of rt' components which are 
functions of the coordinates of any point in 
n-diniensional space. They transfonn linearly 
an 1 homogeneously, according to certain rules, 
w'heu a transformation of coordinates is made. 
Tensors arc called covariant, contravariant, 
or mixed, according to the law of transforma- 
tion. The number r is called the rank or order 
of the tensor. 

TENSOR CONTRACTION. Suppose two in- 
dexes in a tensor, one upper and one low^er, 
are identical, Then summation over 
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the repeated index shows that the tensor is 
actually of lower rank, for its transformation 
law is 

dx^ dx^ dx^ dx^ 

^ npm "7 ~ ~ 7 r 7 _ jkh 

dx* er dx^' dir 

dx^ dx^ . dx^ dx^ 

= di^A'jkh = A^jkty 

dx^dx^ ' dx'^dx^ 


where 5*^ is a mixed tensor The result could 
properly be written Aj^ since the tensor tnins- 
forins like a covariant tensor of rank two. 
The process of contraction, w'liieh can tte used 
for tensors of any rank, thus consists of delet- 
ing a repeated upper and lower index. 


TENSOR, CONTRAVARIANT. Suppose 
(x^f x^f * • *, x”) are the coordinates of a point 
r(‘ferred to a given coordinate system in r?-(li- 
niensional space and (j-h x^, • • •, .r") nre the 
coordinate^ of the same point referred to an- 
other coordinate syst(‘m. Then r? quantities 
A“, •••, A"), functions of these coordi- 
nate's, are the contravariant components of a 
tensor of rank one if they transform as fol- 
lows: 


= —A^; i = 1, 2, •••, «. 
fl.r’- 


The summation for the dummy index r is 
understood and the upper suffix is not an ex- 
ponent but a means of designating the dif- 
ferent components. Contravariant tensors of 
liighcr rank arc defined in a similar way. 
Thus, for a tensor of rank two 


A = 


dx^ (W 

A". 

d.r" d.r 


A tensor of rank zero is a scalar; of rank one, 
a vector. 


TENSOR, COVARIANT. See tensor, contra- 
variant. The transformation laws are 


superscripts for those of a contravariant 
tensor. 

TENSOR, CURVATURE. See Riemann- 
Christoffel tensor. 

TENSOR DIFFERENTIATION. Differen- 
tiation of a covariant tensor does not yield 
a tensor, for the derivative docs not transform 
properly. The eovariant derivative of a co- 
variant tensor of rank one is then defined as 

dA, 

where {ij,h} is a Christoffel three-index sym- 
bol (not a tensor) and this function trans- 
forms like a covariant tensor of rank two. 
Derivatives of contravariant and mixed ten- 
sors of all ranks may be defined in a similar 
v\ ay. 

TENSOR, ENERGY-MOMENTUM. Si e en 
ergy-momentum tensor. 

TENSOR FORCE, Non-centnil spin-de- 
pendent force between neutron mul jirotou, 
of the type of an interaction between mag- 
netic dipoles, postulati'd to account 401 * the 
observi'cl values of the douteron magriidic mo- 
ment and electric quadrupole monicnl. (See 
also nuclear forces.) 

TENSOR, MIXED. See tensor, contravar- 
iant. The transformation law for a mixed 
tensor of second rank is 




or dj" 

A/, 

d.r" dx^ 


^lixed tensors of higher rank may be defined 
by analogy. An important mixed tensor is 
similar to the Kronecker delta, 

6,;^ = 1, dn^ = o^m ^n. 

It transforms properly for 


i.= 


ax’" 


dx 


-i' 


X __ 

On — 


ax”* ax^ . 

— T Sy’ 

ax’ ax“ 


^0- = 


dx’’ dx* 
dx^ di-' 


dx"" dx' dx*” 
dx' dx^ dx^ 


for covariant tensors of rank one and two, 
respectively, the meaning of x'', x\ etc., being 
the same as in the entry on tensor, contra- 
variant. Note that subscripts are used for 
the components of a covariant tensor and 


TENSOR, SKEW SYMMETRIC. If A*> = 

— A'* are components of a tensor, the tensor 
is said to be skew-symmetric. The property 
is unaltered upon transformation to another 
coordinate system. 




895 


Tensor, Symmetric — Tetratohedral Crystals 


TENSOR, SYMMETRIC. If the components 
of a tensor satisfy the relation the 

tensor is symmetric. If the components are 
neither symmetric nor skew-symmetric, th(*y 
may always be expressed as ^ -f 
where S*' = ''/o + X'*) which is a sym- 

metric tensor and = V 2 — A^') which 
is skew-symmetric. 

TENTH-POWER WIDTH. In a plane con- 
taining the direction of the maximum of a 
lobe, the full angle between tlie two direction.s 
in that plane about the maximum in wliich 
the radiation intensity is one-tenth the maxi- 
mum value of the lobe. 

TERBIUM. Rare earth metallic element. 
Symbol Tb. Atomic number 65. 

TERM, ENERGY STATE. The energy states 
of an atom are called S, P, 1), h\ • • • terms, 
respectively, corresponding to the values 0, 1, 
2, 3, • • • of L, the resuUant angular n\omen- 
tum quantum number of the at(uu The en- 
ergy states of a molecule are called S, TT, A, 
fl> . . • terms, respectively, corresponding to the 
A allies 0, 1, 2, 3 • • • of the electronic oihital 
angular momentum (about internucloar axis) 
quantum number. 

The letters indicating the \nlue of L are 
usually lUTceded liy a su])erscri])t denoting 
the multiplicity anil followed by a subscript 
denoting the total angular momentum quan* 
turn number J. In aihlition, the princirvxl 
quantum number is often writien as a eoeffi- 
cient Thus, in the diagram on f)age 302, the 
si'cond tri])lct state of the mercury > nergy 
h'vels is the 

6 indicating that N = 6, 

L = 1, S = (3 - 0/2 = I, J = 2. 

TERMINAL. A point at which any element 
may be directly connected to one or more 
other elements. 

TERMINAL PAIR. An associated pair of 
accessible terminals, such as input pair, out- 
put pair, and the like. 

TERMINATOR, LONGITUDINAT. FIN. A 

thin dissipative strip inserted in a waveguide 

to act as a matched load. 

TERMINATOR, PLUG-TYPE. A piece of 
suitably-shaped, high-loss dielectric placed 
in a waveguide to act as a matched load. 

TERNARY FISSION. See Bssion, ternary. 


TESLA COIL. A type of induction coil in 

whieli the primary has a high-frequency spark 
gap instead of the usual interrupter, and 
whose secondary yields an intense higli-fro- 
quency discharge. A typical arrangement is 
shown in the figure. A liigh-voltage trans- 



Diafiriin of TfsLi-coil circuits 

foimer T, or sometimes an ordinary induction 
coil, seyds sparks across the primary gap Gi, 
which is m ciicuit with ir condenser Ci and 
the primary air-core coil P, composed of a 
few Uirris of heavy copper wire or tubing. 
B('cause of the oscillatory nature of the con- 
d('n'-er flischarge, this circuit is the seat of 
powerful high-frequency oscillal ions. The 
secondary, S, consists of many turns of fine 
wire. The secondary circuit may be ‘‘tuned” 
by means of a variable condenser Go, and 
wdicn it is in resonance with tlie primary, the 
oseillalions in it an' \ery intense. A torrent 
of high-frequency sparks plays across the sec- 
ondary gap Gi»; or one terminal may be 
grounded and sparks drawui froin the other. 

"TESSAR” LENS. See camera lenses. 

TEST PATTERN. In television, a special 
chart on whiclj lines and other detail are so 
arranged as to indicate certain characteristics 
of the syst(an tlirough w'hieh the television 
signal obtained from this chart passes. 

TETRADIC An operator, related to tensors 

of the third rank, which transfonus one dyadic 
into another. Thus, in three dimensions, the 
tctradic 3 has 81 components and its opera- 
tion on a dyadic a is such that 3 : Ct = (R, 
where TH is a dyadic. Tet radios are obtained 
from tensors by modification of the scale 
factor so that the dimensionality is unchanged 
upon transformation. (See dyadic.) 

TETRATOHEDRAL CRYSTALS. That class 
of crystal symmetry which has only one quar- 
ter of the maximum number of faces allowed 
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by the crystal system to which the class be- 
longs. 

TETRAHEDRAL ATOM. A configuration 
of atoms with a valence of 4 in which the 
valence boride are directed from the center 
of a regular tetrahedron, representing the lo- 
cation of the atom under consideration, to the 
four corners, representing the location of the 
nearest neighbors. 

TETRODE. A four-electrode electron tube 
containing an anode, a cathode, a control elec- 
trode, and one additional electrode that is 
ordinarily a grid 

THALLIUM. Metallic element Symbol T1 
Atomic numb(T cSl. 

THALOFIDE (CELL). A photoconductive 
cell using a comiioimd of thallium, oxygen and 
sulfur as the sensitive element. Useful only 
in the very near infrared. 

THAW-MELT METHOD. A method of ob- 
taining accurate thermal data needed in the 
study of equilibria between solid and liquid 
phases of syslems containing two or more 
components. The finely-divided solid of 
known comjiosition is heated slowly in a glass 
tube and is pressed from time to time to expel 
the first drops of liquid as soon as they are 
foimed, gi^ing the ‘‘thaw' point” or the tem- 
perature at which fusion commences (the 
j)oint on tlie solidus rurve) TIhmi slow heat- 
ing is eontiiuied until the •-olid melts rom- 
pletely, giving tlie ‘‘melt ])oint,” or the tem- 
perature at wdiieh the solid phase disappears 
(the point on the liquidus curve). 

THEODOLITE. An instrument used, par- 
ticularly ill surveying, for measuring hori- 
zontal or vertical angles 

THERM. A unit of heat equivalent to 1,000 
large calories used in expressing the calorific 
value of feeds. 

THERMAL. Of or pertaining to heat, as 
thennal capacity, thermal conductivity. 

THERMAL AGITATION NOISE. Thermal- 
agitation noise is due to the random (Brown- 
ian) movement of t. j electrons wdthin a con- 
ductor. Tlu‘ poise voltage introduced into a 


circuit by this cause may be calculated from 
the equation 

7 = 5.49 X W-^^TZdJ 

where e- is the mean-square, thennal-agita- 
tion voltage, T is the absolute temperature 
of the conductor in °K, Z is the resistance of 
tlie conductor, or the resonant impedance of 
a tuned circuit, df is the frequency band- 
width factor. Thermal agitation noise is also 
called “Johnson” noise 

THERMAL CAPACITY. See heat capacity, 

THERMAL COLUMN. A column of moder- 
ator extending thimigli the shield of a reactor 
to provide a source of thennal neutrons ex- 
ternal to the shield. 

THERMAL CONDUCTANCE. See thermal 
conductivity; thermal conduction. 

THERMAL CONDUCTION. Every sub- 
stance IS in some measure a eomliietor of heat, 
though iKpiidb are gcaierally ])Oor conductors 
and ga^es almost non-eondnetors. Tlu' best 
conductors are metals The fhix of heat 
tlnough a layer of any substance l)y^conduc- 
tion IS iiroportional to tin* ((‘inperature gra- 
dient (fall of tempj ratine per unit thickness), 
and to (V factor called the ‘‘thennal condue- 
tiMty” of the sub^nnee, defined as the (pian- 
+ ity of heat tr.ansmitted pei unit time per unit 
cross seel ion per unit 1('m])(‘rature gradient. 
The thermal conduetn ities of a f('w solids are 
given b(‘low, in calories per cm jier see per 
at room temiierature. 


Aluminum 

0 ISO 

lion (cast) 

0 161 

("opper 

.918 

Lead 

.083 

Coik 

.0001 

Paraffin 

.0006 

Oljiss 

002 

Quartz 0.033 or 0 017 

Ice 

oo:> 

F>ilver 

1.006 


(It wull be noted that quartz, a highly biie- 
Iringenl crystal, has different conductivities 
along and perpendicular to its optic axis, as 
do such crystals in general ) 

The mechanism of thermal conduction is 
probably at least three-fold. Thennally agi- 
tated atoms and molecules doubtless actually 
jostle each other and thus mechanically pass 
along the heat energy. Thermal radiation be- 
tween neighboring atoms or molecules should 
have a similar result. But neither of these 
explains the enormous difference in conduc- 
tivity between, say, copper and glass, both of 
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which are dense, fine-grained solids; or be- 
tween silver and lead, both soft, crystalline 
metals of similar chemical properties. If, 
however, we examine the electric conductivity 
of these substances (see electric conduction 
and resistance) , we discover tliat good thermal 
conductors arc also good electrical conductors, 
and we arc led to suspect that thermal as well 
as electrical conduction may depend upon the 
activity of electrons. The relationship is 
brought out quantitatively by the Wiede- 
mann-Franz law. 

The speed with wdiich a temperature wave 
progresses by thermal conduction depends 
upon the “thermal dilTusivity” of tlie conduc- 
tor, which is its Iheimal conductivity divirled 
by its heat capacity ]H‘r iinit volume. 

THERMAL CONDUCTION IN SOLIDS. 

In metals, heat is transported mostly by the 
free electrons, which are also responsible for 
(he conduction of electricity The relation 
between (he electrical conductivity and the 
thermal condnelivity is expresserl by the 
Wiedemann-Franz ratio, wlience it follows 
that the condnelivity should he nearly inde- 
jiendent of t(‘mperr\t\ir(‘ at bigli tenqu'ratures; 
it varies ns 1 /T- at low tem]>eratures, until 
it is limiled by llu’ residual resistance due to 
impurilies and imperfections. In electrical 
insulators the conduction is by means of lat- 
tice vibration.s or phonons, whicli are st attered 
])y cry.-talline imiierfeetions, or which interact 
with one another in such a way as to limit 
the conductivity. In the absence of inijier- 
fections the conductivity •-honld be inversely 
Iirojiortional to the alisolute t(Mnperal ure at 
high tein])eratnres. but according to Pcderls^ 
theory of Umklapp-prozessen it should in- 
crease roughly as (where (*0 is the Debye 

temperature) as the temperature is lowered, 
until it is limited ))y boundary .scattering. 

THERMAL CONDUCTIVITY, COEFFI- 
CIENT OF. The time rate of heat conduc- 
tion per unit area, per unit temperature 
gradient. 

THERMAL CONDUCTIVITY OF GASES, 
LOW PRESSURE. The elementary theory 
of thermal conductivity of gases docs not 
apply at low pressures, where the mean free 
path beovmjcs of the same order as the dimen- 
sions of the aiq'iaratus. In the case when the 
mean free path is much larger than the dis- 
tance separating the plates between which the 


heat is transported, it can be shown that the 
net heat transferred per second per unit area 
is 

Q = -3P^r,.(T2 - TAf 

where p is the density, c the mean velocity of 
the molecules, the specific heat at constant 
volume for 1 g, (T 2 — Ti) the temperature 
difference and /, a numerical factor. Q, there- 
fore, depends upon the temperature difference 
and not the tenqierature grailient, and is pro- 
j)orti()nal to the uressure. These facts are 
confirmed by experiment, and the latter prop- 
erly is the basis of a method of measuring low 
pressures (Pii-ani gauge). For the meaning of 
/. see accommodation coefficient, 

THERMAL CONDUCTIVITY OF GASES, 
THEORY. From eh'mentary kinetic theory, 
by consiflering the number of molecules cross- 
ing a plane per second, it .can be shown that 
the thermal condnelivity of a gas is given by 

K - 

\Nhere K is the thermal conductivity, p the 
den^ty, A the mean free path, c the mean 
velocity of the molecules (see molecular veloc- 
ity, mean), and the specific heat at con- 
stant volume for 1 g. This formula indicates 
that K IS independent of the density (and 
therefore the pressure), since p a 1/A. This 
IS confirmed by experiment over a moderate 
range, but the absolute values differ from 
those given by the above ecjiiation by a factor 
of about 2. A more defined theoretical treat- 
ment introdnees a factor of about 1.5, giving 
a clos(‘r agreement with experiment. The 
equation does not hold even qualitatively at 
higli or low pressures. 

Vidues of the thermal conductivity may be 
used to deduce the mean free path, and hence 
molecular diameter, since 

A 

X = , 

Tn<T‘' 

where n is the number of molecules per unit 
volume, ij, the molecular diameter, and A, a 
numerical factor not very different from unity, 
which can be evaluated theoretically. 

A similar theoretical treatment may be ap- 
j)lied to the viscosity of gases. Combination 
of the results gives the relation K/rj — 
w'here rj is the viscosity. This relation is 
obeyed well, provided that a further numerical 
factor / is introduced, giving K/i? = /Cv 
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THERMAL CONDUCTIVITY OF METALS, 
DIRECT METHODS. These methods con- 
bJbt in the pioduction of a steady flow of heat 
along a uniform bar of the metal, and meas- 
urement of the temperature gradient. The 
usual formula is then applied: 


dx 

where Q is the rate of heat flow, A the area 
of cross section, and dT/dx the temperature 
gradient This assumes no loss of hcflt from 
the sides of the bar. 

One end of the bar is lieated electrically by 
a resistance coil. In the earlier methods, the 
other end was cooled by passing a stream of 
water through a spiral tube in good thermal 
contact with the bar The temperature (ha- 
tributiori may be dc'termincd by itreans of 
thermocouples attached at various points, and 
hence the temperature gradient found. Heat 
loss from the sides is ininimiziul by careful 
lagging, and residual heat loss determined at 
any temperature by heating the bar imi- 
fonuly, and then mea'^uring its rate of cooling. 

The temperature range and accuracy of the 
method have been increased by using smaller 
specimens, enclosed in a metal vacuum-jacket, 
with the cold end in good thermal contact 
w'lth a heat sink at constant temperature. 
The apparatus may be immersed in a Dewar 
vessel, and measurements mach' dowm to the 
temperatures of lifiuul helium (<— 2'T\). The 
temperature dilTerence between points a 
known difference apart may be measured with 
suitable resistance or gas thermometers. 

THERMAL CONDUCTIVITY OF METALS, 
ELECTRICAL METHOD. A method orig- 
inated by Kohlrausch in 1900, in which the 
metal sjiecimen is heated by the [lassage 
through it of an electric current, and the tem- 
perature distribution along the specimen 
measured. In the steady state, the heat gen- 
erated in an element of tlie specimen by the 
passage of the electric current is equal to the 
heat lost by conduction along the rod, assum- 
ing no heat loss from the surface. Using this 
fact, an expression may be derived containing 
constants which car be evaluated under vari- 
ous experimental conditions, and yielding a 
value of t^^ ratio of thermal to electrical 
conductivity 


THERMAL CONDUCTIVITY OF METALS, 
JAEGER AND DIESSELHORST METHOD. 

An accurate ajiplication of the electrical 
method (see thermal conductivity of metals, 
electrical method) to many metals at 18°C 
and 100°C, in wdiich two ends of the cylin- 
drical sjiccimen w^ere kept in constant-tem- 
perature baths at the same temperature. The 
theory then gives the simple expression 

K 1 (F a - Vi? 

(T 8 T 2 — Ti 

and the ratio K/a of thermal to electrical con- 
ductivity could then be determined by meas- 
urement of the potential difference (Fg — Vi) 
betwTcn the two ends of the bar, and of the 
teniperaturc difference (T 2 — Ti) between the 
middle and the ends The heat loss was made 
definite by surrounding the specimen with a 
double-walled copper case, through which 
winter or steam was passed, and a correction 
for it wuis worked out Jaeger and Dies^^el- 
hor^t also showed (hat effects due to a radial 
temperature gradient, caused by this heat 
loss, w'cre negligible. 

THERMAL CONDUCTIVITY OF METALS, 
MEISSNER METHOD. An application of 
the electrical metliod (sec thermal conduc- 
tivity of metals, electrical method) for copper 
dowm to 20^K. The sjieciincn is contained in- 
side an evacuated, Ihin-w'alled eonstantan 
tube, a correelion for the current flowing 
through this tube being made The ratio of 
thermal to (’lectrical conduetivily is deter- 
mined by measuring the resistance of the 
specimen and the potential difference between 
its ends with tw^o different currents The 
ends are kept at the same eonstant tempera- 
ture as in the method of Jaeger and Diessel- 
horst. The nceossarv modifieation for this 
case, w^here (he temperature of the middle of 
the rod is not measured directly, was made l)y 
Diesselhorst. 

THERMAL CONVECTION. The transfer 
of heat by the automatic circulation of a fluid 
(liquid or gas) due to differences in tempera- 
ture and density. While w^ater and liquids 
generally are poor conductors, a kettle of 
water is quickly h('alcd throughout by apply- 
ing heat at the bottom. The warmer water, 
being less dense, is compelled to rise by the 
colder, which, sinking to the bottom, is 
warmed in its turn. The process is more 
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clear-cut when a definite circuit is provided, 
as in the heating coil attached to a hot-water 
tank or radiator system, (lasoline engines are 
cooled by a similar circulation, eitluT entirely 
automatic or augmented by a small rotary 
pump. Gases likewise exhibit convection. A 
chimney '^draws” when the air inside it is 
warmer than that outside, so that the greater 
pressure difference outside forces the air in- 
ward at the bottom. (The term “draw*' is 
manifestly misleading.) The motion of the 
air in hot-air furnaces and in the winds of 
the atmosphere are good examples. 

THERMAL CROSS SECTION. The cross 
section as measured with thermal neutrons. 
(See neutron, thermal.) 

THERMAL DEGREE. See temperature 
scales. 

THERMAL DETECTOR. A device which 
utilizes the ability of a raclio-fre(iuency cur- 
rent, voltage, or field to change the electrical 
characteristics of the device as a result of 
heating. The barretter, thermocouple and 
thermistor ma}" be used as thermal detect ois. 

THERMAL DIFFUSION. The phenomenon 
by which a temperatun' gradient in a mixture 
of two or more fluids tends to e'^tahlish a con- 
centration gradn'iit. In a binaiy isotopic 
mixture in which a .steady ‘^tato temperature 
gradient is established, ainl in which there is 
no convective flow, the equilibrium distribu- 
tion is given by 



FTere Ni is the mole fraction of the component, 
and ar is the thermal diffusion constant, re- 
lated to the thermal diffusion eoefRci(*nt Dr by 

Dr “ af7’A^i(l — Ai)/)i2 

where D 12 is the ordinary diffusion coefficient. 
For isotopic mixtures, ar is substantially inde- 
pendent of concentration. It is also, within 
wide limits, independent of pn'ssure, and has 
no strong dependence on temperature. 

THERMAL DIFFUSION METHOD. Sec 
separation of isotopes, thermal diffusion 
method. 

THERMAL DIFFUSION RELAXATION. 
A source of internal friction in solids. Heat 
generated at one point of the material by 


rapid compression diffuses into other regions 
before the strain is relaxed, and hence is irre- 
versibly lost. 

THERMAL DIFFUSIVITY. The quantity 
Kp/Cvj where K is the thermal conductivity, 
P is the density, and (\, is the specific heat 
per unit mass. The magnitude of this quan- 
tity determines the rate at w'hich a body wdth 
a non-uniform tc'mperaturc approaches equi- 
librium. 

THERMAL EFFICIENCY. Output, in heat 
units, c/ivided by the heat supplied or charge- 
able. 

THERMAL ENERGY. Sc c heat energy. 

THERMAL EQUATOR. Tlu belt of maxi- 
mum temperature surroun ling ibe earth 
wdiich moves north and .south wntli (but lag- 
ging) tljc surds motion. It is aNo spoken of 
as the e('nt( r of the area- bounded by the 
yearly mean i'-otlierms of SC'P'. 

THERMAL EXCITATION. The acquisition 
of exc(‘ss energy by atoms or molecules by 
<‘()llision processf'? wdth oilier ]virticles. 

THERMAL EXPANSION OF SOLID. As a 
con^equellce of the anharmoiiic terms in the 
poti'iitial energy of a solid, wdien the atoms 
have larEfe amplitudes of tluTinal vibration 
their average jrosition-i tend to move apart. 
It can he .shown lliat the e.xpansion cocffit'ient 
is nearly constant at high temperatures (see 
Griineiscn’s constant), w^hilst at low tempera- 
tiiH's a n'latioii of the form 

8V or dU 

holds, w'here is the change in volume from 
the abbolute z(to and 8U is tfie thermal en- 
ergy of the Lattice. 

THERMAL GRADIENT IN THE ATMOS- 
PHERE. See temperature gradient in the 
atmosphere. 

THERMAL LUMINESCENCE. See discus- 
sion under luminescence. 

THERMAL NEUTRON. See neutron, ther- 
mal. 

THERMAL RADIATION. All bodies that 
arc not at absolute zero emit radiation excited 
by the thermal agitation of their molecules or 
atoms, whether there are other causes of ex- 
citation or not. This thermal radiation ranges 
in wavelength from the longest infra-red to 
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the shortest ultra-violet rays, its spectral en- 
ergy distribution, however, dcixniflinR upon 
the nature of the body and upon its tempera- 
ture. The total emissive i)Ower of a surface 
at any temperature is th(' rate at which it 
emits energy of all v^avolengths and in all di- 
rections, per unit area of radiating surface. 
The flux density (j)er unit solid angle) in vari- 
ous directions obeys the cosine emission law 
approximately; but strictly only in the case 
of a black body. Thermal radiation is ob- 
served and measured by means of different 
types of radiometer, by the bolometer, and 
by the radiomicrometer; also, in the shorter 
wavelengths, by its photographic and photo- 
electric effects. 

Many of llie properties of thermal radia- 
tion can be derived on a thermodynamic basis 
(e.g., the Stcfan-Boltzmann law and the first 
Wien law). The more eomplete theory, how- 
ever, demands the u^^o of the electromagnetic 
theory of light and of the nietiiods of statis- 
tical mechanics, to whieh must be ad(b‘d the 
quantum hypothesis Wdien all of these are 
combined the Planck radiation formula re- 
sults as the best deseription of thermal radia- 
tion. 

THERMAL SHIELD (NUCLEAR REAC- 
TOR), A liigli density beat-eonduetion ])or- 
tion of a shield placed close to the refic^ctor 
Its funetion is to remove a major portion of 
the energy carried by the radiation ('manat ing 
from the core. 

THERMAL SIPHON, A cIos('d loop contain- 
ing fluid, a v('rtical member of which is kept 
at a different temperature from that of an- 
other vertical member. In this way circula- 
ti(m is e.stablished without the use of a pump. 

THERMAL UTILIZATION. The probabil- 
ity that a thermal neutron which is absorbed 
is absorbed usefully; usually used to describe 
the probability that a neutron is absorbed in 
a fissionable material. 

THERMAL UTILIZATION FACTOR. In a 
nuclear reactor, the ratio of thermal neutrons 
(sec neutron, thermal) absorbed in fuel to 
the total thermal neutrons absorbed. 

THERMAL VELOCITY OF CHARGE. 

Electrons emitted from the cathode of a therm- 
ionic electron tube have initial velocities 
charactcrist’c of their thermal energy. That 
is, there is a Maxwellian velocity distribution 


(but not characteristic of cathode tempera- 
ture, Ix'oause of the energy loss (work func- 
tion) in escaping). 

THERMAL VIBRATION OF CRYSTAL 
LATTICE. The assembly of atoms bound 
together by local int('ratomic forces to make 
up a crystal lattice is capable of vibrating in 
a large number of indejx'ndent normal modes 
about tlie static' equilibrium configuration. 
In theK* \ibrations is stored a large propor- 
tion of the thermal energy of the solid, and 
hc'nce I lie major coniribiition to the specific 
heat. The vibrational ('iiergy is (piantized, 
so that th(‘re some zero-point motion even 
at O^K, and the energy of each mode may 
only increase in miiltipU's of hv, where v is the 
frcquenc}^ and /?, Planck’s constant. The ex- 
act fre((uency spectrum cannot easily be cal- 
culated (although it may be observed by 
X-ray and neutron diffraction) but the Debye 
theory, which treats I lie lattice as an elastic 
(‘ontinmim \\i(h a limited number of degrees 
of freedom, is usually a good approximation. 

The thermal A’ibralions are important in 
all tlu'ories of electrical conductivity, ther- 
mal conductivity, infrared absorption, etc. 
(See also phonon.) 

THERMAL WAVES. See long waves in the 
prevailing westerlies. 

THERMALIZATION (OF NEUTRONS). 

Reduction of the kinetic energy of ncnitrons, 
as hy n'jieatc'd collisions with other particle's, 
to a point where they have a])proximalely the 
same kinetic enc'rgy as the atoms or mole- 
cules of the medium m vshich the neutrons are 
undergoing elastic scattering. Since this 
atomic or molecular energy is tliermal in 
origin, being a direct temperature function, 
the neutrons whose energies have b(^en so re- 
duced arc called thermal neutrons, and the 
]u*ocess therm alizat ion. 

TIIERMEL. The well-known Scebeck effect 
(see thermoelectric phenomena) is the prin- 
ciple underlying a large class of thermoelec- 
tric thermoraeters. The essential feature ia 
a circuit composed of two different metals, 
the two junctions of which are at different 
temperatures, and in which a net electromo- 
tive force develo])s as a result of this tem- 
perature difference. Any dc^^ce which uses 
this electromotive force, or the current due 
to it, as a measure of temperature is called a 
thermel (a term introduced by W. P. White). 
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The simplest form is a thermocouple, 
composed of two pieces of metal, or wires, 
soldered or welded together at their ends, tlic 
other ends being connected to a galvanometer 
or a potentiometer. Various pairs of metals 
are used, for (‘xample, antimony and bismuth, 
copper and iron, or coi)per and constant an 
(an alloy of copper and nickel). Iligh-tem- 
perature thermocouples are commonly of 
platinum, with some other refractory metal 
sucli as iridium or an alloy of platinum and 
iridium, rhodium or chromium. One of tlic 
junctions may be enclosed in a protecting tubo, 
the other being kcjd at zero by means of nu'H- 
ing ice or at anotlier ndenmee temperature. 
In cases wlu're a tenip(‘raturc diffcM-enee only 
is desired, tlu* two cop])er or platinum lead- 
wires may be attached to th(' opposite ends of 
a single wire of the other metal, and the two 
junclicjns [)laced at the tw’o points to be com- 
pared. 

THERMION. The charged particle, either 
negative or ])osi(ive, emitted by a body in 
the ])r()C(‘ss of thermionic emission. (See 

thermionic emission; also thermionic phe- 
nomena.) 

THERMIONIC CATHODE. See cathode, 
thermionic. 

THERMIONIC EMISSION. Electron or ion 
emission due to the te^nperature of the emit- 
ter. By lieating a metal, it is possibU* to 
'h'vaj)orate” (‘lectrons from it. This agn'es 
with tli(> ideas of the free electron theory of 
metals, where the electrons are treated as a 
gas imprisoned w'ithin the lattice of ions. 
Heating the gas incrcast's the number of elec- 
trons which have sufficient energy to cro^^ the 
potential barrier at the surface and hence 
increases tlie current. (See Richtardson equa- 
tion.) Thermionic emission is very sensitive 
to the state of the surface. 

THERMIONIC EMISSION, LAW OF. Sec 
Richardson-Dushman equation. 

THERMIONIC GRID EMISSION. S< c grid 
emission, thermionic. 

THERMIONIC PHENOMENA. Tn view of 
the commotion among the atoms and elec- 
trons of a heated substance, it is not sur[)ris- 
ing that electric particles, both positive ions 
and electrons, should be projected from a 
highly heated body. If the body is electrically 


charged, particles of the same sign as the 
charge, when once through the surface barrier 
(see work function), are repelled into the sur- 
rounding space, where they can be detected. 
Electric particles thus emerging, cither posi- 
tive or negative, are called thermions The 
heated body may be a fihiiTient of ])uro metal, 
electrically heated, or a laj-cr of some chemi- 
cal substance sjiread over and heated by such 
a filament. The usual experimental arrange- 
ment is to enclose the thermionic emitter as 
an electrode in a tube or bulb, along with an- 
otlior deefrode of opposite sign, so that the 
field between the two will set up a stream of 
th(‘ released thermions, called a thermionic 
current. Witli .Mifficient voltage, this current 
reaches a maximum or “saturation’’ value, the 
ion.^' being (lum sw^ept away as fast as they 
are released. 

Tn tl^e early experiments of Bccquerel, 
Cuthri(‘, Ellison, Klstcr and Oeitel, and 
(»th(‘rs, it was found that at lower tempera- 
tures (up to a red heat ) (he thermionic emis- 
sion fnan metals is prerlominantly positive, 
hut that at much higher temf)('ratures (white 
heat) the negative or eli'ctronic emission rap- 
idly surjiasscs the positive and becomes all- 
im})orlani. The positive (‘mission from a pure 
metal like platinum or tungsten appears to 
be due to impurities such as potassium, and 
falK ofT with prolonged heating; for metallic 
salts it consists of ions of the metal composing 
tlic salt. Some metals emit electrons much 
more copiously than others; a notalde exam- 
]de is thorium, an adsorbed film of which on 
tuniMen gives very copious electron emission 
at high t(*mpcralurcs. (See also Richardson- 
Dushman equation; Schottky effect; and space 
charge limitation of cuircnls.) 

THERMIONIC TUBE. See tube, therm- 
ionic, 

THERMISTOR. A resistance clement made 
of a semiconducting material wdiich exhibits 
a higli negative temperature coefficient of re- 
sistivity, 

THERMISTOR, BEAD. A thermistor con- 
sisting of a small l)oad of semiconducting ma- 



Brad tlionnistor (By permission from ^‘Microwave 
Theory and Techniques” by Reich et al., Copyright 
1953, D Van Nostrand Co., Ine.) 
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terial placed between two wire leads. It is 
used for microwave power measurement, tem- 
perature measurement, and as a protective 
device. 

THERMOCOUPLE. A device consisting of 
two metals, one of whose junctions is kept at 
a fixc'd temperature. Th(' thermoelectric elec- 
tromotive force generated in the circuit is 
measured to give the temperature of the other 
junction, making a convenient and simple 
thermometer. (For detailed discussion, see 
thermel.) 

THERMOCOUPLE METER. A combina- 
tion of the thermocouple and sensitive milli- 
voltmcter which measures the electromotive 
force developed by the tlionnoeouple as the 
result of its heating by the current passed 
through a resistaiu'e element in tluTinal con- 
tact with it. Tliermocouple meters read root- 
mean-square values of alternating currents at 
frequencies extending as high as radio fre- 
quencies. 

THERMOCOUPLE VOLTMETER. See 

voltmeter, thermocouple. 

THERMODYNAMIC EQUATIONS OF 
STATE. Any eijuation derived by considera- 
tion of reversible energy changes, which gives 
a relationship between pressuie, volume and 
temperature for a state of matter. Specifi- 
eally, the two exact eciuations 


^ \drJv \dv/> 



w’here p is tlie pressure, F, (he volume, U, the 
internal energy, If, the enthalpy, and T, the 
absolute ternperalurc. They are useful in 
evaluating thermodynamic functions wlieri 
the equation of state is known 

THERMODYNAMIC POTENTIAL. (1 ) 

For a substance in any given state, the energy 
which is required to bring unit mass of the 
substance to the state in question from some 
arbitrarily-defined, initial state. (2) The 
Gibbs free energy (see free energy (1)), 
which is defined by d-e equation 

G ^ U - TS + pV 


where U is the internal energy, T is the abso- 
lute temperature, S is the entropy, p is the 
pressure and V is the volume. (3) Any other 
additive quantity which is a function of state, 
such as the entropy, enthalpy, or the Helm- 
holtz free energy, may also be spoken of as 
a thermodynamic potential. 

THERMODYNAMIC PROBABILITY. The 

number of a priori equally probable states 
of a statistical assembly, usually denoted by 
n. It is a measure of the disorder of the as- 
sembly, and is connected with the entropy S 
])y the relation 

iS = Hn fi, 

whore k is the Boltzmann constant. 

THERMODYNAMIC QUANTITIES. Mac- 
roscopic (luantiiics which alTect the internal 
state of a system, determining its internal 
energy. 

THERMODYNAMIC SYSTEM. A system 
whose behavior mav be dc^ciibecl l)y thermo- 
dynamic quantities. 

THERMODYNAMIC TEMPERATURE 
SCALE. See disrai^sion of thermometry. 

THERMODYNAMICS. This branch of 
physics ha<i its origin in the classical discov- 
eries of Rumford, Davy, Joule, and others 
early in the nineteenth century, v/hich identi- 
fied heat as a foim of energy. (Gradually the 
mechanism of heat and the statistics of molec- 
ular motion were revealed by the researches 
of such men as Maxwell, Kelvin, Clausius, 
and Boltzmann, until now, with the added as- 
sistance of the quantum theory, wc discuss the 
dynamics of molecules almost as confidently 
as tliat of visible bodies. 

The variables commonly cliosen in thermo- 
dynamic reasoning are temperature, entropy, 
pressure, and volume, and in terms of these 
we write the characteristic equations of the 
substances, such as air, steam, etc., used in 
engines. The purely dynamic aspects are es- 
pecially concerned with volume and pressure, 
and thennodynamic diagrams are often 
drawn with these as coordinates. For exam- 
ple, if a gas expands and its pressure dimin- 
ishes, this change may be represented by the 
curve AD and the corresponding work by the 
area ABpa (Fig. 1) ; while if, as in an engine, 
the change is a cyclic one, the net work de- 
rived from each cycle on one side of the pis- 
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ton is represented by the area W cnclowsed by 
the curve (Fig. 2). A steam engine indi- 
cator, for example, automatically draws such 




Repre'^rntation of work during a iinidirrctioniil or a 
cycJic change in volume and proasure 

a curve at each stroke of the engine, the effi- 
ciency of whose perfunnanee can thus be de- 
duced. (See thermodynamics, first law of, 
thermodynamics, second law of, thermody- 
namics, third law of, thermodynamics, zeroth 
law of, Carnot cycle, Bankine cycle, entropy, 
Joule-Thomson effect, reversible processes, 
etc.) 

THERMODYNAMICS, BASIC EQUA- 
TIONS. Tlie four following (‘quations were 
called by (libbs the fundanientfil equations 
of thermodynamics: 

dU = TdS - pdV 

X 

dA = —Sdt — pdF — iJ^idui 

X 

dll = TdS + Vrfp +E 

I 

dG = -Sdt + Vdp -f E 

i 

where T is the absolute temperature, aS, the 
entropy, p, the pressure, F, the volume and 
/jLt, the chemical potential of the si)ecics i, of 
which Tii moles are present in the phase, ^ 

I 

denotes summation over the species in the 
phase, and U (internal energy), A (free en- 
ergy (2)), H (enthalpy) and G (free energy 
( 1 )) are thermodynamic potentials. By use 
of these equations, all the tliennndynamic 
functions can be expressed in tenns of the 
chosen thermodynamic potential. 

THERMODYNAMICS, FIRST LAW OF. 

One of the many forms of statement of this 
law is that energy cannot be created or de- 
stroyed, but can only be converted from one 
form to an equivalent quantity of another 


form. The discovery of the equivalence of 
mass and energy, based on the relativity the- 
ory, and its application in the conversion of 
mass into energy in nuclear reactions, has be- 
come the basis for a broader geiu'ralization, 
combining the first law of thermodynamics 
with the law of conservation of matter, in the 
statement that the total mass and energy of 
a ^ystem, whether expressed in terms of equiv- 
alent total mass or equivalent total energy, 
is constant. 


THERMODYNAMICS, SECOND LAW OF. 

One of the many forms of statement of this 
law is that heat cannot pass from a colder 
to a hotter body without the intervention of 
so?ue extiTnal force, medium, or agency. It 
fol!ow^s from (his law' (hat a'l na(ural or iso- 
lated processes wliich oecur spontaneously are 
irreversible. 

THERMODYNAMICS, THIRD LAW OF. 

Eveiy substance has a finite positive entropy 
w'hi(*h may become zero at a temperature of 
absolute zero, as it does in the case of crystal- 
line substances. (Methods of quantum sta- 
tistics, how'cver, show that entropies at abso- 
lute zero, while small, are not necessarily 
zero, thei c being, for example, a finite entropy 
due to nuclear spin.) 

THERMODYNAMICS, ZEROTH LAW OF. 

When iw'o bodies are in thermal equilibrium, 
no heat flows from one to the other and both 
are at the same temptTaturc. 


THERMOELASTIC COEFFICIENT. The 
moclnliis of elasticity, which is defined for a 
(hree-dimensional system (e.g., a gas) by one 
of the following expressions: 



(isothermal bulk modulus) 


(adia})atic bulk modulus) 


w'herc ?* is the volume, p, the pressure, T, the 
absolute temperature, aS, tin* entropy. These 
quantities are the reciprocals, respectively, of 

the isothermal and adiabatic compressibili- 
ties. 


THERMOEIASTIC RELAXATION LOSS. 
See thermal diffusion relaxation. 

THERMOELECTRIC PHENOMENA. The 

effect associated with the change of the con- 
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tact potential of two metals with tempera- 
ture. Hence, a current may be produced by 
keeping one junction at a different temjiera- 
ture from the other (Peltier efFecl). Tliere is 
also an effect ab^ociated with the electromo- 
tive force generated in a wire which is in a 
thermal gradient (Thomson effect). The 
thcrmoelectromotive force of a thermocouple 
appears to be a combination of a “Peltier 
electromotive force'' at the junction and the 
Kel\in or “Thomson electromotive forces" in 
the two strips. If several metals are joined 
to form a cireuit of non-uniform tennpera- 
ture, the lesuUant tliermoelectromotive force 
is the algebraic sum of the se\(Tal Peltier and 
Thomson elect romotive forces, and gives rise 
to a thennor'lectrie current, --uch as that uti- 
lized in any theiinel. Kelvin discovered that 
if a weak current is vent through a wire which 
is heated at one ])oint, the current (auses a 
flow of lieat, som(d lines one way and some- 
times the other, dejxuiding upon the metal 

THERMOELECTRIC POWER. The ther- 
moelectric force p(‘r degree, where 

is the ernf generated at the junction of 
metals A and B at t(‘mperature T From the 
definition 

»S4 -= =1 

dT T 

tlie absolute tliermoeloctric power is obtained 
from the values of the Thomson coefficient, 
0-4, at all temperatures, measured at low tem- 
peratures against a superconductor whose 
Thomson effect ^anivhes The Peltier coef- 
ficient of two metals is then given by 

TT i/y = — T{Sfi — N tk 

THERMOELECTROMOTIVE FORCE. See 
thcnnoclectric phenomena. 

THERMOELECTRON. A negative ther- 
mion. 

THERMOGRAPH. An instrument used to 
make a continuous record of temperature. 

THERMOMETER. An instrument used to 
measure the intensity of the heat in a body, 
i e., its temperature, usually eonstrueted so 
that the expansion of matter caused by heat 
furnishes the measure of the temperature. In- 
struments for P'>e curing high temperatures 
are termed, pyrometers, and are based upon 
measurements of the amount of radiation 


emitted by the hot body, or by measurement 
of the amount of radiation of a particular 
frequency or narrow band of frequencies, or 
by measurement of the change in resistance 
of a standard length of wire, or by the use 
of a thermocouple. (Sec thcrmel.) 

THERMOMETER, BOURDON. A flat hol- 
low tube filled with an organic liquid. As 
tlie temperature of the liquid increases, its 
expansion causes the tube to straighten. 

THERMOMETER, CONSTANT-PRESSURE. 

An instrument for measuring temperatures 
based on the expan^^ion of a gas wdth increas- 
ing temporaturi', the pressure remaining con- 
stant. The gas is contained in a bulb con- 
nected by a tube to a suitalile device for 
keeping the pressure constant and m(‘asuring 
the change m v^olume on expansion (e.g , a 
mercury manometer with additional reser- 
voir of iiKTcury) Various ])ractical correc- 
tions must be made, notablv for the “d(‘ad 
space" containing gas not at tlie tcinpora- 
tiire to be measured, anil the instrument must 
be calibrated at the standard fixed points. 
Cases are us(*(l which arc as near as ])ossible 
to being ideal When conected for Hoparture 
from ideality, the “ideal gas scale" temjiera- 
ture th^I^ ineasund can be shown to he iden- 
tical wuth the absolute thermodvnamic scale 
temperature (discussed under thermometry) 

THERMOMETER, CONSTANT VOLUME. 

An instillment for measuring temiieratures 
based on llie increase in presvure of a gas with 
temperature, tlie volume remaining constani 
Tlie gas is contained in a bulb connected by a 
tube to a suitable device for keeping the vol- 
ume constant, and measuring the change in 
pressuri' Corrections must b(‘ marie similar 
to those for the constant pressure thennora- 
cter (preceding article), and the in^tniment 
then also gives trunperatures irientical with 
the absolute theimodynamic scale tempera- 
tures (discussed under thennometry) . 

THERMOMETER, HYDROGEN. A gas 

thermometer using hydrogen. (See thermom- 
etry.) 

THERMOMETER, LIQUID-EXPANSION. 

This familiar instrument for measuring tem- 
perature, developed by Fahrenheit and others, 
makes use of the relative expansion of a liq- 
uid and its transparent container. The use 
of mercury as a thermometric substance 
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is recommended by its high boiling point 
(+357°C) and low freezing point ( — 39°C), 
and by the constancy of its expansion coeffi- 
cient. Alcohol is often substituted, because 
of its much lower freezing point ( — 114°C), 
and because its expansion coefficient is more 
than six times that of mercury; it is also 
lighter and cheaper. Its boiling point, how- 
ever, is so low that it cannot be used 

for high temi)eraturcs; and it must be stained 
to be easily visible. Tti some mercury ther- 
mometers an inert gas is introduced above the 
mercury, the pressure of which, as the mer- 
cury cxj)ands, raises the boiling ])oint of the 
mercury and hence increases the range. The 
Beckmann mercury thermometer has a very 
large bulb and a very fine bore witli a storage 
resenoir for mercury at the top. It i^ used 
only for difTerential temperature measure- 
UK'iits, witli a range of only a few degrees, 
and is graduated to hundredths of a degree. 

Some th('rmonu‘ters are designed to indi- 
cate the maximum or the minimum tempera- 
ture attained during a given period. Tlie 
liest maximum thermometers employ mer- 
(‘Uiy, with a coi>tiiction just above tlie bulb 
at which the mercury thread separati's when 
the temiierature starts to fall, leaving the top 
of tlie column to mark the liighest tempera- 
ture. IMinimum thermometers eiufiloy alco- 
liol, with a light, solid index or marker just 
in>ide the free &urfac(\ As the temperature 
f.ills, this marker is jnislusl down by the sur- 
face tension, and remains at the lowx'st point 
attained In a thermometer devised by Sixe, 



A maxim\nn-minim\im thermometer (Sixers form) 

liotli maximum and minimum temperatures 
are similarly indicated liy a small iron marker, 
which can be adjusted by means of a magnet. 

Liquid thermometers are subject to certain 
inherent errors, among wliich are those due 
to the unequal teiiqierature of bull) and stem 
and to the imperfect recovery of the volume 


of the bulb after heating. The latter effect 
may accumulate over a long jicriod, requiring 
rocalibration from time to time, especially if 
the instrument is used over wide ranges of 
temperature. 

THERMOMETER, MAXIMUM, A ther- 
mometer which indicates the maximum tem- 
jKTaturc reached. The simplest type is a 
fiuid-in-glass thermometer so constructed 
tliat a small segment of the fluid ^‘breaks-ofT^ 
when the fluid begins to fall. 

THERMOMETER, MINIMUM. A ther- 
mometer which indicates the minimum tem- 
jieraturo reached. Tlie simjilest type is a 
fluid-in-glass thermometer containing a small 
irulex Avjiich moves downward with tlie sur- 
face of the fluid, hut does not move upward 

l)V action of I he fluid alone. 

« 

THERMOMETER, SOLID EXPANSION. 

Alaiiy devices have emploved the expansion 
of solid bodies as an indicator of tempcTature 
change Wedgwood, a celebrated 18th-ccn- 
lury potter, us( d small blocks of burned clay 
to estimate, by their expansion, the tempera- 
ture of his kilns. Because of ihe low expan- 
sion coelTieient, any such direct afiplication of 
solids IS necessarily very insensitive; on the 
otlicT liand the requirement of durability 
fa\ors their use in certain cases. One rather 
(•]u<le arrangement, sometimc's used, is a long 
wire passing over pulleys, its length being 
suffieieiit lo insiin* a measurable cxjiansion 
More eonunonlv, u^e i^ made of th(‘ war[)ing 
]>ro(lueed by the differential (expansion of two 
.solid strips fastened together. The Breguct 
spiial IS (*om})osed of two spiral strips, like 
w^atch springs, made of different metals and 
securely welded together tliroughout their 
length. A eluinge m t(aii])er!!ture cau‘-cs the 
combinafion to coil or uncoil, a motion which, 
communicated through gears lo a jiointer- 
shaft, serves to give temperature reatlings on 
a dial. 

THERMOMETER, WEIGHT. Instrument 
for measuring the apparent coefficient of ex- 
jiansion of a liquid relative to a containing 
vessel bv determination of the amount of liq- 
uid expelled from the vessel on heating 
Ihrough a measur(*fl lemperature inten’^al. 

THERMOMETRIC COEFFICIENT. One 

of the following two coefficients: (1) Coeffi- 
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cient of change of pressure at constant volume 
defined as 



(2) Coefficient of expansion at constant pres- 
sure, defined as 

-(-)■ 

V \dT/p 

In these expressions, p is the pressure, T, the 
absolute temperature, t>, the volume. 

THERMOMETRY. The measurement of 
temperature and of changes in temjierature 
has been based ujion many different h(‘at ef- 
fects Among those which liave been exten- 
sively developed are: (1) the expansion of 
solids, liquids, and gasi's, illustrated by ther- 
mometer, solid expansion; thermometer, 
liquid expansion; and the constant pressuie 
gas thermometer; (2) the change of jiressure 
in a gas kept at constant volume (constant 
volume gas thermoiiK'ter), or of tlie saturated 
vapor pressure of a liquid (see vapors); (3) 
the change in resistivity of metals (metallic 
resistance thermometer); (4) the Seebeck 
thermoelectric effect (thermel) ; (5) the 

brightness of very hot bodies (optical pyrom- 
eter); and (6) tlie eharaeter of the thermal 
radiation from the heated body (radiation 
pyrometer) 

With so many temperature indiees, it is nec- 
essary to have a standard of temperature 
measure. For v^aiious reasons, it was onee 
found desirable to fix upon gas pressure at 
constant volume as the practical standard 
measure of temperature. That is, equal 
change-^ of temperature were defined as those 
corresponding to equal changes of prc'^sure in 
a sele(d(‘d gas (hydrogen) kept at constant 
volume. The constant volume hydrogen 
thermometer thus became the retcreiice in- 
strument for the ealiliration of other types. 
In 1027, hovvTver, the United States, (Ireat 
Britain, and Germany proposed, and thirty- 
one nations represented at the Seventh Gen- 
eral Conference of Weights and Measures 
unanimously adopted, what is now called the 
international temperature scale. From —190^ 
to -fGOO^C, the measure of temperature is 
based upon the indications of a standard 
platinum rcsistaner thermometer, specified 
and used :n accoraance with certain formu- 
las. From f G60°C to the melting point of 


gold a platinum-platinrhodium thermel is the 
reference instrument; and above the gold 
point, the optical pyrometer is used as stand- 
ard. The basic fixed points of this scale are 
the boiling point of oxygen ( — 182.97°C), the 
freezing and the boiling points of water, the 
boiling point of sulfur (+444 60° C) , the melt- 
ing point of silver (+960.r)°C), and the melt- 
ing point of gold ( + 1063°C). 

Kelvin was long ago impressed with the 
dependence of such thcrmometric methods 
upon characteristic properties of certain arbi- 
trarily chosen substances. Even constant- 
volume gas thermometers, using different 
gavch, do not quite agree. Kelvin therefore 
proposed an ideal absolute tcunperature scale 
on which changes of temperature, whatever 
the substance concerned, arc strictly propor- 
tional to the quantities of heat converted 
into mechanical work during Carnot cycles 
bounded by the respective temperatures and 
by the same two adiabatic entropy limits A 
constant-volume gas pressure thermometer 
using a gas ob(‘ying the ideal gas law would 
perform in exact agreement with this stand- 
ard The suh^^quent resoaiches of Joule and 
Kelvin on the Joulc-Tliomson effect enabled 
them to ealeulato the eorroetions necessary to 
conveit the hydrogen constant volume stand- 
ard into this “thermodynamie scale” (more 
properly, this thermodynamic standard of 
temperature measiue) proposed by Kelvin, 
which is now used as the basis of the interna- 
tional scale above mentioned. 

THERMOMOLECUI.AR PRESSURE. If 

two vessels containing a gas are separat(*d by 
an insulating partition, in vvliieli there is an 
orifice v\hos(‘ linear dimensions are small 
eompaied with tlie mean free path of the gas 
molecules, ]i is found lhal a lemjierature dif- 
ference belw'iH'Ti the two vessels is accompa- 
nied by a diff( rence in pnvssure. This is 
known as the thennoinolecular pressure dif- 
ference, and it can be shown from elementary 
kinetic theory that 

P2 \ T 2 

where pi, Ti are the pressure and temperature 
in one vessel, and p-j, T 2 the pressure and tem- 
perature in the other. This effect also takes 
place when a tube, along which there is a 
temperature gradient, contains a gas at such 
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a pressure that the mean free path of the 
molecules is comparable with the diameter of 
the tube. In this case, however, the simple 
relationship docs not apply. The e'ffect is 
especially important in low-temperature gas 
thermometry. 

THERMONUCLEAR REACTION. A nu- 
clear reaction in whi(‘h the energy necessary 
for the reaction is provided by colliding par- 
ticles that have kinetic energy by virtue of 
their thermal agitation. Such reactions oc- 
cur at appreciable rates only for tempera- 
tures of millions of degrees and higher, the 
rate increasing enormously with tempera- 
ture. The energy of most stars is believed to 
be derived from exothermic thermonuclear re- 
actions. (See carbon cycle; proton-proton 
chain.) 

THERMOPHONE. An electroaco\istic trans- 
ducer (see transducer, electroacoustic) in 
which sound waves of calculable magnitude 
result from the expansion and contraction of 
llie air adjacent to a conductor whose tem- 
perature varies in respon.se to a current input. 
When used for tlie calibration of pressure 
microi)hones, a thermophone is generally used 
in a cavity the dimensions of which are small 
compared to a wavelength. 

THERMOPHOSPHORESCENCE (TIIER- 
MOLUMINESCENCE). Phosphorescence 

de\elo]H-d by heating after exposun^ to some 
exciting agency. 

THERMOPILE. A device for measuring 
temperature (diflfercnce) , consisting of a 
closed electric circuit made of two different 
metals and an electric meter. It consi.sts of a 
numlx'r of thermocouples in scries, all junc- 
tions of type A'B being thermally connected, 
as are all of type B-A. AVhen the two sets of 
junctions between the metals are at different 
temperatures, an electromotive force is devel- 
oped. Radiation, incident upon and absorbed 
by one set of junctions, is measured by the 
einf developed by the resulting rise in tem- 
perature of that junction. Also called the 
thermel. 


turn the heating mechanism on when an up- 
per temperature limit is reached and which 
turn it off when a lower temperature limit is 
reached. 

THETA. (1) Temperature absolute or Kel- 
vin (M, hut T is more commonly used), tem- 
perature, Debye characteristic (®), tempera- 
ture, ordinaiy or 0- (2) Angle, plane (^), 
glancing (/9), angle of contact (^), 
angle of optical rotation (^), angular dis- 
placement (0). 

THETA FUNCTION. An infinite series of 
the form 

00 

= 1 + 2 9”“ cos 2nz, 

11-1 

which is related to elliptic functions and 
which is es]>e(‘ially useful in making numeri- 
cal calculations with such functions. 

THETA POLARIZATION. See polarization, 
theta (0). 

THEVENIN THEOREM. The current in 
any tcniiinating impedance Z7 connected to 
any iiot\\ork is the same as if Zt were con- 
nected to a generator whose voltage is the 
open circuit voltage of the network, and 
whoso internal imi)e(lance Zu is the imped- 
ance looking back from the terminals of Zr, 
with all generators replaced by impedances 
c(iual to the internal impedance of these gen- 
erators. 


THIN-LENS RELATIONSHIPS. Formulas 
relating image distance, object distance, focal 
length, index cf refraction, curvature of sur- 
faces, etc., of a lens which is sufficiently thin 
tliat, for the purpose of the calculation, the 
thickness may bo neglected. 


1 

7 


I 1 

- 4- - = (m — 1) 
V Q 



is a typical thin-lens formula. 


THIN PRISM FORMULA. See prism, thin, 
formula. 


THERMOSTAT. An apparatus arranged so 
that it may be adjusted to maintain and keep 
constant any practicable temperature. A sys- 
tem enclosed in a thermostat is thus kept at a 
definite constant temperature. This is usu- 
ally accomplished by actuating controls which 


THIRD ORDER THEORY. Lens computa- 
tions in which the first two terms only of the 
series expansion of 

ainB = $ 1 

3! 5! 
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are used. Third order theory gives the five 
geometrical aberrations ol Seided. 

THIXOTROPIC FLUID. See fluid, thixo- 
tropic. 

THIXOTROPY. The property cxhil)itod by 
certain gels of Ikiuefying when subjected to 
the action of vibratory forces, sucli as ultra- 
sonic waves or cv(‘n simple sliaking, and then 
setting again on standing, (iels of this type 
may be formed by the addition of small quan- 
tities of el(‘ctrolyte to concent rated r sols of 
certain metallic oxides, such as ferric oxide, 
aluminum tiiuxide, zirconium dioxide, etc, 
and also other sols, including tliose of the 
henlonite clay*-, and certain gelatin prepara- 
tions. 

THOLLOW PRISM. See prism, Thollow. 

THOMAS-FERMI DIFFERENTIAL EQUA- 
TION. An ecpiation which occurs in studying 
the eleeiron tlistribution in an atom 

y'Wx = >/\ 

Although a special solution can be given as 
rUf = 144, it is recpiired for jiliy^ical reasons 
that y(0) - 1, y(^j) =0. Solutions satis- 
fying these boundary conditions must be 
found by numerical or graphical methods. 

THOMAS-FERMI MODEL. A metliod for 
the calculation of atomic energy levels based 
on a statistical treatment of the assembly of 
electrons. (S('e Thomas-Fermi differential 
equation.) 

THOMAS METER. An instrument for 
measuring the rate of tlovv of a gas in terms 
of the increase in temperature of the gas 
produced by a known ([uaiitity of heat. 

THOMAS PRECESSION. If in the Lorentz 
frame instantaneously at rest relative to an 
accelerated systcan there is a vector in that 
system which appears to be constant, then 
relative to an observer for whom the system 
has velocity v, acceleration v the vector will 
appear to process with the angular velocity 

I 

2c^ 

This is the kiner. atical basis for spin-orbit 
coupling m atoms. 


THOMAS-REICHE-KUHN, /-SUM RULE 
^ OF. See /-sum rule of Thomas-Reiche-Kuhn. 

THOMSON - BERTHELOT PRINCIPLE. 

The assumption that the heat evolved in a 
chemical reaction is a dire(‘t measure of chem- 
ical affinity, and tliat every chemical change 
taking place without the intervention of ex- 
ternal energy tends to the produetiem of that 
system w^liieh evolves most heat. This as- 
sumfitiun is in general wrong except for cer- 
tain special cases, since according to the prin- 
cij)Ie, no spontaneous reactions could take 
place which absorb heat, and all reactions 
should proceed in one direction only, i.e., re- 
verhible reactions should be impossible. The 
correct criterion for a chemical reaction is the 
change in free energy, and the principle is 
thus true or approximately true when thi^ is 
oqual or nearly equal to the heat of reaction, 
eg, in constant-volume reactions, in reac- 
tuuis between litiuids and soluls, and at low 
t(‘mperatures. 

THOMSON COEFFICIENT. The coeffi- 
cients <ri and <rit associated wuth metal<? A 
and /> and r(*lat('(l to tlu* thermoelectric cmf, 
E 1 /,, g(‘nerat(‘d at tem])(*rature T by a thermo- 
junction in accordance wdth the second Thom- 
son relation 

" - an = Td^E ^n/dT^^ 

(See also thermoelectric phenomena anti 
Thomson effect.) 

THOMSON EFFECT. One of the thermo- 
elect rie etTects (sei‘ thermoelectric phenom- 
ena). When an electric cuireiil J })asses be- 
tween two points of a h()mt)geiieoiis wire 
whose temperature dilTereuce is A?’, an amount 
of heat (tJ\T is emitted or absorbt'd in addi- 
tion to the Joule heat, a is the Thomson co- 
efficient. 

THOMSON ISOTHERM. An S-shaped iso- 
therm showing the continuous transition from 
the gaseous to the lupiid stale. 

THOMSON, LAW OF (LAW OF HELM- 
HOLTZ, THOMSON’S RULE). In an elec- 
tric cell the heat of reaction is a direct meas- 
ure of the electromotive force, i.c., the chemi- 
cal energy is simply converted into electrical 
cmTgy. This is only approximately true, for 
])arl of the energy of an electric cell appears 
as heat, either absorbed or evolved as the case 
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may Be. (Sec Gibbs-Helmholtz equation for 
a reversible cell.) 

THOMSON PARABOLA METHOD. Tiu 

method of investigating the charge-to-mass 
ratio of positive ions in which tlie ions are 
acted upon by electric and magnetic fields ap- 
plied in the same direction normal to tiie patli 
of the ions. It can be shown that ions of a 
given charge-to-niass ratio but different ve- 
locities will be deflected so as to form a parab- 
ola. 

THOMSON PRINCIPLE. The hypothesis 
(hat, if thermodynamically reversible and ir- 
revi'rsible processes take ])lace simultaneously 
in a system, the laws of tlu'rmodynamics may 
be applied to the reversible i)rocess while ig- 
noriivj; for this purpose (lie creation o! en- 
tropy due to the irreversible jiroct'ss. Applied 
origiiiiilly by Thomson to the ease of tlunano- 
cl(‘ctric effects. Also used in the treatment of 
elect rocluMuical cells, thermal diffusion, etc. 

THOMSON RELATIONS. Eciuiitions gov- 
erniiig (liermoclectricity, deduced originally 
by Ihermodynanucs (see Thomson coefficient, 
Peltier coefficient). An imjiortant result is 
the relation between the Thomson coefficients 
<^ 4 ) of two metals, and their Peltier coeffi- 
cient 

d /tt ir?\ (T\ - (Th 

df \ 7 ~/ “ ~ r 

THOMSON SCATTERING. See scattering, 
Thomson. 

THORIATED EMITTER. A thermionic 
emitter (see thermionic phenomena, also 
emission, thermionic) consisting of a di- 
rectly-heated tung^-ten filament to 'which lia'^ 
been added a small rpiantily of thorium oxide. 
During the evacuation process, some of tlie 
thorium oxide is converted to metallic tho- 
rium which covers the cathode area in a thin 
coat. The resultant vcork function is consid- 
erably less than that for a i>urc tungsten fila- 
ment. 

THORIUM. Aletallic radioactive element. 
Symbol Th. Atomic number 90. 

THORIUM SERIES. The radioactive .series 

starting with thorium of mass number 232. 

THORON. Thorium emanation, an isoto]>e 

of radon. 


THREE-BODY PROBLEM. If we assume 
that three or more objects I'xist in the uni- 
verse, each of them attracting every other in 
accordance with the law of gravitation, the 
l)rol)l(‘m of predicting subsequent positions 
and motions is commonly reft‘nvcl to as the 
tliree-body jiroblcm, or the n-body problem. 

The two-body problem has been completely 
solved and tlie full solution may be expressed 
in comjiarati\ ely few words and symbols. 
However, if wo add one oi more otluT bodies 
the solution becomes one of exceeding eom- 
pl(*xity ^ind has nevcT been accomplislied in 
any form which is at all suitable for computa- 
tional purposes. In fact, only one complete 
.solution has (wer bc(‘n mad(\ in spite of tlie 
labors of practically all of the great mathe- 
maticians of past centuries. 

Kv(‘n though no geiuaal .solution of the 
prol)l(‘m is available, lU'vc'rtheless, tlu're are 
several practi(‘al compiitathuial methods for 
determining the positions of planet. s and 
other members of tlie -^olar systcan, taking into 
account the gravitational attraction of all ef- 
fective members. Such solutions are all made 
by succes.sive approximations and various 
methods of computing perturbations, rather 
than by the api/lication of any general solu- 
tion. 

A number of particular solutions of the 
three-body iiroblem have been marie by 
mathematicians, notabh^ among them being 
the solution by Lagranoi'. He sliowed tliat it 
is possible for an asteroid to be stable in a 
position such that it is cfiuidistant from both 
the .sun and Jupiter. Tn (his case the throe 
objects would be on the vertices of an equi- 
lateral triangle and the asteroid orbit would 
have the same period as tliat of Jupiter. This 
case IS illustrated in nature by the members 
of the so-called Trojan group. 

THREE-INDEX SYMBOLS. See Christoffel 
brackets. 

THREE-PHASE EQUILIBRIUM. For every 
pure, chemically stable substance there is a 
certain temperature and pressure at which it 
can exist in all three states or phase.s, solid, 
liquid, and vajior, each phase being in equi- 
librium with each of the others. At higher 
tcm[)eratiires and pressures than tlioae at this 
so-callcd 'ffrijile point, the liquid and vapor 
states may attain equilibrium; solid-vapor 
equilibrium (see sublimation) is possible at 
lower temperatures and pressures; while solid- 
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liquid equilibrium can be obtained at higher 
pressures and at lower or higher temperatures 
according as the substance contracts or ex- 
))an<ls upon melting f^cc fusion). These three 
inny bo H‘])rosentod by three tem- 
peTatiifo-])ros'-nn' eraphs which converge at 
the triple jioint The figure illustrates the 
case of wat(‘r, wliioli oonlract^ on melting, and 



Tnjilc poinl iP) on lompcui iiio-po sbuu' ditii^i.un loi 

for whicli the triple point is at +0(J7li°(> and 
4.0 mm of nieieury. (Sec also phase rule.) 

THREE-WIRE SYSTEM. Many of the do- 
mestic and small commeroial eh'ctric power 
loads are supplied by a dual-voltage, three- 
wire system, the voltage botwe(‘ii two of the 
wires being about 220 volts while that be- 
tween tlie oilier two wire coiul)ina(ions is ap- 
pioxmialoly 110 volts As usually shown 
schematically the maitral wire (the one com- 
mon to the tw’o llO-volt combinations) is 
placed in the center, gning 110 volts between 
the neutral and either outside wire while the 
outside wires have 220 volts betw een them. In 
apjdymg tlie load to this type system an at- 
tempt is made to keep it balanced on either 
side of neutral. For a perfectly balanced load 
no current flow^s in the center wire, wliilc for 
an unbalanced load only the unbalance cur- 
rent (the difference betwTcn the currents in 
the two 11 0-volt loads) is cariied by the neu- 
tral wire Thus thcTe is a reduction in power 
loss and voltage drop in the line, giving a 
better, more efficient service. (See balance 
coil.) 

THRESHOLD, ABSOLUTE LUMINANCE. 

The minimum luminance w^hicli can be dis- 
criminated by the fully dark-adapted eye. 

THRESHOLD, ABSOLUTE PURITY. The 
minimum purity perceptible in contrast with 
white, by the lighi -adapted eye The abso- 
lute purity threshold is a function of wave- 
length. 


THRESHOLD AUDIOGRAM. See audio- 
gram. 

THRESHOLD, COLOR. Any measure, 
either absolute or differential, of the degree 
of color discrimination. (See discrimination, 
color.) 

THRESHOLD CURRENT. Tlie current at 
wdiich a gas discharge changes from a non- 
self-siistained to a self-sustained discharge. 

THRESHOLD, DIFFERENTIAL COLOR. 

Tl)(‘ amount of difference betw^een tw^o colors 
which is necessary for perceptibility in a stip- 
ulated fierccntage of independent trials. 

THRESHOLD ENERGY; THRESHOLD. 

(1) The energy" limit for an incident particle 
or photon below which a particular eiiilo- 
Ihcrimc reaction will not occur It is specified 
with reference to the laboratory system of 
coordinates. For a reaction between tw'o non- 
re lutivistic particles, the relation of the thresh- 
old eneigy to the Q-value is; 

/ 

Threshold energy — Q [ hi 

\ 7 /// 

wIkmc tiu is the m^ls^ of tlu^ nu ident^jiaiticle; 
////, ot the target ml(‘leu‘^, and the (v^-valuc is 
the nuclear disinlegralioii energy. (2) The 
eneigy limit for an incident jiartiele or photon 
below which a ]):irlicular nuclear reaction 
cannot be observed; somotimos called the 
practical threshold eneigy. It is friMpiently 
determined by (\mloinb barrier effects. Exo- 
thermic as well as endothermic reactions mav 
have threshold energii'K 

THRESHOLD FREQUENCY. The mini- 
mum frequency of radiation for a given sur- 
face for the emission of electrons. (Roe pho- 
toelectric threshold.) 

THRESHOLD OF AUDIBILITY. See audi- 
bility, threshold of, 

THRESHOLD OF DETECTABILITY. See 
audibility, threshold of. 

THRESHOLD OF FEELING (OR DIS- 
COMFORT, TICKLE, OR PAIN). For a 

siiccified signal, the minimum effective sound 
pressure (see discussion under sound pressure, 
effective) of that signal which, in a specified 
fraction of the trials, will stimulate the ear 
to a point at which there is the sensation of 
feeling (or discomfort, tickle, or pain). Char- 
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acteristics of the signal and the measuring 
technique should be specified in ever}^ case. 
This threshold is customarily expressed in 
decibels relative to 0.0002 microbar or 1 

microbar* 

THRESHOLD PRESSURE. Sec discussion 
of audibility, threshold of. 

THRESHOLD, RELATIVE LUMINANCE. 

The ratio of the differential luminance tliresli- 
old (see threshold, absolute luminance) of 
two colors to the luminance of the Ics*^ lumi- 
nous of tlie two. This is called the Fechner 
fraction. (See also Mackenzie equation.) 

THRESHOLD VALUE. The minimum input 
which produces a corrective action in ihc 
power clement of an automatic controller. 

THRESHOI.D VOLTAGE FOR GEIGER 
COUNTING ACTION. TIu* lowest voltage 
at whi(‘h all pulses ])r()f[uccd in the counter 
l)y any ionizing event are of the same size, 
regardless of the size of the primary ionizing 
event. 

TIIUESHOf D WAVELENGTH. T\w maxi- 
mum wa^elen<.'th of radiation for a given sur- 
faee for tlie ('nii^sion of ch'ctroiis. (See pho- 
toelectric threshold.) 

THROAT MICROPHONE. vSec microphone, 
throat. 

THROW-OUT SPIRAL. An eccentric spi- 
ral. 

THRUST. The reaelion force to tlie gaseous 
discharge from a rocket or j(t. It is espial to 
fiVy where jjl is the mass diseharge per unit 
time, and V is the velocity of discharge. (See 

Newton Laws of Motion (3).) 

THYRATRON. A hot-cat hodc gas tube in 
which one or more control chadrodes initiate, 
but do not limit, the anode eurrent, except 
under certain operating conditions. 

THYRATRON, SHIELD-GRID. A four-ele- 
ment thyratron employing a massive shield 
grid, usually operated at cathode potential, 
to almost completely shield the control grid 
from the cathode, anode, tube walls, and light 
in order to reduce tlie current drawn by the 
control grid before ignition. 


THYRITE. Trade name for a silicon carbide 
material with a large negative voltage coeffi- 
cient of resistivity. It also has an appreciable, 
negative temperature coefficient of resistivity. 
A form of varistor. 

THULIUM. Rare eartli metallic element. 
Symbol Tin. Atomic number 69. 

THUNDER. A sound wave set up by an 
electrical discharge in the atmosphere, all 
along the column of air in which the discharge 
has ociairred. If the discharge occurs close at 
hand, there is one sharp burst or “explosion,” 
but if the discharge occurs some distance 
away then portions of the sound wave reach 
an ohstTver over a period of time. Echoes 
of thuri(l(*r also occur when the sound wave 
or iiarts of it arc reflected from objects jiro- 
jeeting from the earth, such as hills and build- 
ings. 

THUNDERSTORMS. Cumulonimbus clouds 
accom]>:iniL‘(l by lightning and thunder. Nor- 
mally iluindcrstorms are accompanied by tor- 
rential rain for iirief moments during the pas- 
sage of tlie storm, but occasionally no pre- 
cipitation reaches the ground. Often they 
cause hail and gusty surface winds of con- 
siderable velocity. Soriu'times they are at- 
tended by tornadoes which cause great dam- 
age*. Vertical velocities inside thunderstorms 
arc extremely erratic and as high as 120 mph. 

TICKLER. The coil used to couple plate- 
circuit energy into the grid circuit of some 
forms of regenerative detectors and oscil- 
lators. 

TIDES, DYNAMICAL THEORY OF. The 

theory of tidal motion in the sea that con- 
siders the efl'(‘cts on the rise and fall of the 
necessity fur the water to flow in seas of 
finite dc[)lh }»ouniled by land masses. It pro- 
vides explanations of the differences between 
tlie observed tides and the tides computed on 
the e(]iiilibrium tlicory. 

TIDES, EQUILIBRIUM THEORY OF. A 

theory which assumes the sea surface to be 
alw^ays coincident wdth a surface of constant 
gravitational potential due to the attractions 
of the earth and moon. Its predictions are 
seriously in error near land masaer or in en- 
closed seas where dynamical effects lead in 
general to much larger tides. 
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TIE LINE. (Jn an equilibrium diagram, a 

Imo joining two poinU winch represent the 
compositions of ‘‘ystenis in equilibrnini 

TIGHT BINDING APPROXIMATION. Otk^ 
of two altcniatne ajifiroaclu s to the piolilein 
ot calculating the encigv ot an election in a 
solid It Is assumed that the dec tion is cfTec- 
^J^ely in an atomic orbital centeun] on a p.ii- 
ticiilai atom ol tlie latlne, with a sm ill per- 
tiiTbalion allowing it to luni]) to iKighboimg 
sit<s The assumed w aM* function is thus a 
Bloch function in v\hi(li the iimodic iunction 
IS a ])Ute atomic wave function. This ap- 
nioximation w'oiKs w(‘ll for iniirow^ deep-lying 
bands, but nui‘-t be augmented with the frec- 
elcction ty])e of api)io\imation for conduction 
electrons. 

TIMBRE (MITSICAL QUALITY). Tint at- 
tiibiite of auditory sensation in terms of 
which a listener can pidge that tw^A sounds 
similaily presented and ha\ing the same loud- 
ness and pitch are dissimilar Tiinbie de- 
])ends primarily ipion the speftium of tlie 
‘-tiniulus, but it also de])ends upon the wave 
form, the sound pressure, and tlu' fi(a|uency 
location of the spectrum of the stimulus 

TIME. T 1 le mode of giouping sense' impies- 
sums bv the older in which ('\(nls are ol)- 
soned Abshact lime, as used in mechanics 
and ])h3''sics generally, is a jiaiameter seiMiig 
as the iundamcntal independent \ariable in 
teinis of whuh the lelalive beha\ior of all 
jiliysieal systems may be comiiaied As a 
pa?anu't('T it may take on all the succisvion 
of ^ allies of the real mimbci continuum It 
may also be tliought of as the nu'asuie of 
duration of an e\ent, though this is more 
pioperlj^ leferred to as a tune interval (See 
als(^ relativity theory, special.) 

TIME AVERAGE. 1die tune average oi an\ 
time-dependent physical ({uantity ov er a given 
time interval is tht' tniK^ intern’d ot the quan- 
tity taken over the intenal, divided by the 
magnitude of the interval 

TIME CONSTANT. (1 ) All photon detectors 
lequire a certain time to respond to a radia- 
tion pulse and continue to respond for a small 
time after the radiation is cut off The time 
mvolv^cd may v ary from a fraction of a micro- 
second to several seconds, according to the 
nature of the detec^<"r. A common definition 
(1955) of time constant T is givum by 


T - l/27r/ where / is the frequency of chop- 
ping of the radiation by a sine wave which 
cauhcs the root-mean-square signal to de- 
ciease by 3 decibels fioin the signal for very 
slow^ chopping (2) It may also be defined 
as the time lequiied foi the voltage or current 
in a ciicuit to use to 037^ of its final value, 
or lall to 377r ot its initial value, as a result 
of step input 

TIME CONSTANT CIRCUIT. Sec circuit, 
lime constant. 

TIME DELAY. The time leipiired by a spe- 
cific voltage or euricnt to travel through a 

( IK uit 

TIME DEMODULATION. Tlie process by 
which information is obtained from a time- 
modulated wave about the signal impaited 
to the wave in time modulation. 

TIME DILATION. Se e slowing of clocks. 

TIME DIVISION. The process of piojiagat- 
ing a ])liuality of infoniial lon-bf aring signals 
ovei a common mediimi, allocaliiig a different 
tune interval loi tlu' Iraiismissiun of eaeli 
sigmil (Si e time-division multiplex ) 

TIME-DIVISION MULTIPLEX. The proc- 
( ss 01 di'VKi m wluih i ii h modulating wave 
jiindul.di s a s( p.iKite pulse siibcariier, (he 
])iils( siibc ir [ K'rs bi'irig s])aced in time so tliat 
no two pulses oiiupy the same time interval 
Time division ])i units the tiansmission of two 
Ol moie signals over a common jiath bv using 
difleienl time inteivxals for the tiansmission 
oi the intelligi'iK e of each messatjro signal 

TIME DISCRIMINATOR. A circuit which 
indicates the time equalitv of two events, or 
the sense and ajiproximate magnitude of the 
inequality 

TIME GATE. A transducer which gives out- 
put only during chosen time intervals 

TIME-LIKE VECTOR. A four vector in 
Minkowski space such that < 0 

TIME MODULATION. Modulation m which 
the time of apjiearance of a definite portion 
of a waveform, measured with respect to a 
reference time, is varied in accordance with 
a signal. 

TIME PATTERN. A picture-tube presenta- 
tion of horizontal and vertical lines or dot- 
Tow- generated by tw^o stable frequency 
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sources operating at multiples of the line and 
field frequencies. 

TIME REVERSAL. The operation of re- 
placing the t by — Mn the equations of mo- 
tion of a dynamical system. Of ])articular 
interest in quantum mechanics where the 
operation correspond'^ to a unitary transfor- 
mation on the wave-function. From this some 
general properties of the scattering matrix 
(e.g., the reciprocity theorem) may be de- 
duced for a system for which time-reversal 
is possible without changing the Hamiltonian 
fundamentally. 

TIME-SELECTION TRANSDUCER. A gat- 
ing or coincidence circuit. 

TIME, STANDARD. With the adoption of 
mean solar time anrl th(‘ inqirovement in the 
Tiianufacturo of time pieces, each locality sel 
its clocks to indicate its own local mean time. 
As railway systems developed, an intolerable 
confusion resulted from so many dilTerent 
local timevs being used along tlie lines. The 
first step toward standard time was the in- 
troduction of so-called ^‘railw’ay time” wliich 
was the local civil time of some important 
station on a particular railroad. As interstate 
and international communication f'xpaiuled, 
particularly after the invention of tlie tele- 
phone and telegraph, it became apparent that 
a universal standardization of time must lx* 
adopted. 

The modern plan developed from a sugges- 
tion made by Sand ford Fleming in 1878 and 
is now used by the armed services and inter- 
national sea and air transport systems. Tliis 
Zone Time is described in a separate artich^ 
but has never been adopted for civilian life, 
although it is approximated to in flic Standard 
Time system which is in gciuMal iwe. A few 
of the smaller nations ^till u-c the local civil 
times of their indi\idual ca])itals as standard 
every wdicrc wuthin their borders. The largiT 
nations employ a system on wdiicli the earth 
is divided into standard lime zont's. Each 
zone is 15° of longitude, or one hour of time, 
in wddth, with the center of each zone an in- 
tegral number of hours east or west of Green- 
wich, England. 

In Canada and the United States five stand- 
ard time zones are employed. These arc 
known as Atlantic (Maritime), Eastern, Cen- 
tral, Mountain, and Pacific, and the centers 
of each are 4, 5, fi, 7, and 8 hours west of 


Greonwdeh, respectively. The boundaries of 
each zone are not set along meridians of longi- 
tude, but are determined by national, state, 
municipal, or commercial convenience. In 
regions close to the zone boundaries there is 
still some confusion remaining, but the condi- 
tions are infinitely better than those of 75 
years ago. 

TIME, UNITS OF. The fundamental unit of 
time in all standard systems of physical units 
is the second. 

TIMING AXIS OSCILLATOR. See sweep 
oscillator. 

TIN. Metallic element. Sjunbol Sn (Stan- 
mini). xXtnmic number 50. 

TINT. A mixiure of a color wdth wdiite. 

TINT OF PASSAGE. Color produced by a 
non-colored platv phiced between cro^-sed po- 
larr/ers, if llu‘ plate rotates the plane of polar- 
ization through an angle which depends on 
the numlxT of wavelengths of liglit in the 
thickiK'ss of (]i(‘ jilato. Siippo.se, for example, 
that a piece of fpinrtz has a thickness such 
that rotation is OO"" for a w^avelongth of light 
in the gr(‘('n-yellow rc'gion, that is, about 
fifiOO A SupiX)S(' that this jiiece of quartz is 
inserted })'*hve(‘n a polarizer and an analyzer, 


P 



Duifrrain to 4iow the moariing of tint of passage 
when a pioce of (piartz cut with larc.s po^])en(h(•nla^ 
to (ho optic IS pl.'icod hotwoon an analyzer and a 
polarize r. (By pe'rnnssion from “Introduction to Op- 
tics, Oeonietncal and Physical” by Robertson. 4th 
Kd„ Copyright 1954, D. Van Nostrand Co., Ine.) 

I 

the vibration plane of the former oeing repre- 
sented by POP' ))lanc in the figure. In the 
same figure, then the vibration plane for light 
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of wavelength 5600 A on emergence from the 
crystal is represented by MOM', the angle 
POM being equal to 90°. For a longer wave- 
length, 6000 A, for cxam])l(', the vibration ])lane 
is represented by NON' the angle PON being 
considerably less than 90°. For a shorter 
wavelength such as 5200 A, the vibration plane 
is rotated through a greater angle, and hence 
IS represented by ZOZ'. 

If, now, the analyzer is turned so that its 
vi])ration plane is parallel to that of the polar- 
izer, light of wavelength 5600 A is coinjiletely 
cut off, the resultant shade of the Iran^mitted 
light being a grayish-violet. A slight rotation 
one way from thia position evidently increases 
the transmitted intensity of 6000 A and other 
wavelengths toward the red vm] of the spec- 
trum, but deereases that of 5000 A and the 
shorter waves at the blue end Tlio grayish- 
violet tint is then replaced by a deep pink. 
A slight rotation in the ojiposite dfr(‘ction, 
however, decreases the intensity of tlu* longer 
weaves, increasing that of the shorter, and so 
causes a quick change from the grayish-vioh't 
to a deep blue. As the contrast between pink 
and blue is very marked and takes place as 
the result of a slight rotation, the gray-\iolet 
shade is called th(‘ lint of passage or sen'^itivc 
tint. Because of this fact, oven with wdiite 
light as a source it is possible to set an ana- 
lyzer in a critical position, if a piece of quartz 
of such a thickness is placed before it. 

TINTOMETER. A widely used type of 
colorimeter, m wdiich the intensity of color, 
and hence the concentration of the colored 
substance in a colored solution, is determined 
by comparison with colored glass slides or 
standard solutions. 

TINTOMETER, LOVIBOND. An empiiical 
colorimeter (see colorimeter, empirical) in 
wdnch light to match a samjde is i>assed suc- 
cessively thiough three glass filters, each of 
which is chosen from a series (yellow, red and 
blue) to effect the best possible match 

TISELIUS METHOD. See electrophoresis 
by Tisclius method. 

TITANIUM. Metallic element. Symbol Ti. 
Atomic number 22. 

TM,,.n.p RESONA^4 T MODE (IN CYLIN- 
DRICAL CAVITY). See resonant mode, 
TM,;,,„,p (in ryliiidrical cavity). 


TM,„.n WAVE (IN CIRCULAR WAVE- 
GUIDE). See wave, TM,„.n (in circular wave- 
guide). 

TOEPLER-HOLTZ MACHINE. See static 
machines. 

TOMONAGA-SCHRODINGER EQUATION. 

Equation oi motion of the state vector of a 
quanliz(‘d field ex])ress(‘d in a covariant 

fomi by giving a prescrijitioii for finding 
on a spacc-like surface (j(x) w^hen it is speci- 
fied on another such suiface which is infini- 
tesimally close. 

/// = //(. 7 )^. 

da{rj 

(See also Sclirodingcr equation.) 

TON. In tlie rnited States, a unit of weight 
equal to 2000 pounds (short ton). Tlu long 
ton i'- efiiial to 22^0 pounds and is more wddely 
used in lOngland The nu'tric ton is capial to 
1000 kilogi arils 

TONE. (1) A sound wuive capable of excit- 
ing an auditory sonsation haMng pitch (2) 
A sound seii'^atum h.iMiig pitch 

TONE ARM. A name sometimes given a 

phonograph arm. 

TONE, COMPLEX. ( 1 ) A sound wave pro- 
duced by tlu‘ combm.itiun of smiple suiusokIjI 
compoiuaits of difl(*ient frequencies. (2) A 
sound sonsation cliai a(‘tei izc'd by more than 
one jut eh 

TONES, COMBINATION. Due to distortion 

in the ear, tlu* Mbr'ations received in the 
cochlea, with the consequent sensations, do 
not aceuiately lepresent the pcuaoilic varia- 
tions ol tlie air prcsMire in the auditory canal, 
and .sounds are lu'ard subjectively which have 
no external physical existence When two 
pure musical tones (see tone, simple) are 
sounded, many persons can hear other tones 
in addition to tlie two actual ones These 
subjective sensations are called combination 
tones, fiom the fact that they correspond in 
pitch to tones having frequencies equal to the 
difference, to the sum. or to other simple com- 
binations of the two actual frequencies. It 
w^as formerly supposed that the difference 
tone was the effect of beats, but Helmholtz 
detected the sum tone, and showed, further, 
that the difference tone sensation is too loud 
to be attributed to beats. 
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Tone Control — Torque 


TONE CONTROL. The control for regulat- 
ing the frequency response of an audio am- 
plifier. In its most common form as found 
in most radio receivers it consists of a con- 
denser in scries with a variable resistance 
shunted across the circuit at some point. 
Since such a combination passes high fre- 
quencies more easily than low values, the 
highs will be attenuated, the degree being 
determined by the setting of the variable re- 
sistance. Thus by vaiying tlie resistance 
more or less attenuation may be given the 
high frc(iucncics and the effect is as if {h(‘ 
bass response were being varied. Tii more 
elaborate tone controls separate bass and 
treble controls are i)rovitled, thus allowing a 
balanced control of the response. 

TONE, FUNDAMENTAL. (1) The com- 
ponent in ti periodic wav(’ corresj^onding to 
ihe fundamental fre(iuency. (S('e frequency, 
fundamental.) (2) The comjmnc'nt lone of 
lowest pitch in a comph'x tone. (Sec tone, 
complex. ) 

TONE, SEMI- (IIAI.F STEP). The interval 
betnt'en two sounds whose basic frecjiiency 
ralio is n])pro\imatcly ef|iial to the twelfth 
root of Iwt) inlerval, in ecjually tem- 

pei*(‘(l s(‘mi(on(‘s, Ix'tween any two l're(luencie^, 
is 12 time*- (Ik' Inganllim to the base 2 (or 
.‘50. SI) times tlu' logarithm to the bast* 10) of 
the fre{piency ratio, (Sec* also scale, equally- 
tempered, and scale, just.) 

TONE, SIMPLE (PURE TONE). (1) A 

souinl wave, the instantaneous ^olmd pressure 
of w'hich is a .simi)le sinusoidal funetioii of 
the time. (2) A ^ourid sen^^ation character- 
ized by its singleness of pitch. 

TONE, WARBLE. A pun* tone (s(*e tone, 
simple) whose frcfiueney is modulated ac- 
cording to some regular ])attern. 

TONE, WHOLE (WHOLE STEP). The in- 
terval between two sounds wdiose basic fre- 
quency ratio is approximately equal to the 
sixth root of two. (See also scale, equally- 
tempered, and scale, just.) 

TONES, AEOLIAN. The tones produced 
when a current of air strikes a stretched wdre 
normal to its length. (See Strouhal formula.) 

TONES, SUMMATION AND DIFFER- 
ENCE. Discussed under combination tone. 
(See tone, combination.) 


TONES, SUSTAINED. Tones that are 
sounded for a sufficiently long intcn^al that 
steady-state conditions can be assumed in 
the room in which they are sounded. 

TOP, MOTION OF. See precession; nuta- 
tion. 

TOP, “SLEEPING." A top is said to “sle(*p^^ 
when it rotates with constant angular speed 
about its axis in a vertical position with 
neither precession nor nutation. 

TORIG LENS. See lens, toric. 

TORNADOES. Some thunderstorms, partic- 
ularly the line-s(|uall type, occasionally de- 
\elop a violent whirl of air wdiieh extends 
down fiom the base of the cloud and touches 
the earth. It often rlraw^s up into the cloud 
again and may strike some distance aw'ay or 
never r(‘ai;])ear. Very low pressure prevails 
inside a tornado because of its great vorticity. 

TOROIDAL COORDINATES. A curvi- 
linear system closely relate<l to bipolar co- 
ordinates. If the traces of tlie surfaces in 
that system are taken in the XT-plane as two 
famili('s of mutually orthogonal circles, then 
rotation of the circles about the Z-axis forms 
a family of spherical surfaces and a family 
of anchor rings. The tf)roi(lal coordinate sur- 
faces arc then taken as: (1) spherical, with 
centers on the Z-axis at a distance of ±a 
cot C from the oiigin and with radii of a esc 
^ — eonsl.; (2) am hor lings with radii of a 
coth 7/ for the axial circles and circular cross 
sections of radii a csch ri, rj ~ const.; (3) 
jilancs through tlie Z-axis, ip = const., where 
7 //.r. These coordinates are re- 
lated to rectangular coordinates by the equa- 
tions 

X = r cos y r sin ^ 

a sinh n a sinh P 

r = ; z = — 

cosh 77 — cos { cosh 77 — cos { 

0 < f < 27r; 0 < < 27r; 0 < 77 < 00. 

TORQUE. (1) For a single particle the 
tor(|ue IS the moment of the resultant force on 
the particle wuth respect to a particular origin. 
Tins is expn'ssed by the vector relation 
L “ r X F. where L is the torque, r is the 
position vector with respect to the origin, and 
F is the resultant force. The torque is equal 
to the time rate of change of the moment of 
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momentum. (2) For a rigid body Uic torque 
with respect to a set of axes is expressed by 
the relation 

L = f r X Fudv, 


by the angle through which the radius of any 
chosen circular section of the cylinder is ro- 
tated from its equilibrium position. 

TORSION-HEAD WATTMETER. See watt- 
meter, torsion-head. 


where is the resultant force ])or unit volume 
due to external forces on the elenu iit dv and r 
IS the position vector ol the volume element. 
(See moment of force.) hor a rigid body 
undergoing fiee rolatiDii about a smgU* axis, 
the torcjue L — /a, ^vhel■e T is the moment 
of inertia and a ife (he angular aceeleratinn 
(3) In engm('('img nKchaiiic*' usage a touiue 



ollcn leters to the toi^ional oi t\\i->tmg mo- 
ment or eoujile which l(‘nds to twist a iigidly 
fix(‘d object hueli as a -^hatt about an axis of 
rotation, in the a<‘eomi)aiiving illustration a 
shaft of diameter d is eonme ted to a iigid 
suppoit. The forces F form a couple wilh a 
torque L Pd and tdul to lotale the shaft 
in a countereloekw 1^0 direction 

TORQUE AMPLIFIER . A de\ ice pos'.O'.Mng 
input and output shafts and siqipHirig woik 
to rotate the output sliaft, without mqxi'-ing 
any significant tonpie on tlie input Nhalt 'Fhe 
bjieed of the output shaft is e(|iial or piojxn- 
tional to that (»f the iiijiut shaft, ugardless of 
tlie load on the former. 

TORQUE OF CHARGED SYSTEM. See 
force of a charged system. 

TORQUE ON A RIGID CIRCUIT. See 

force on a rigid circuit. 

TORRICELLI LAW. The velocity of efflux 
from an orifice m a eontainor of lic|uifl is equal 
to the velocity attained by a body falling 
freely from rest a distance e(pial to the depth 
of the oiifice beIo\ the free surface 

TORSION. The twdsting of ti solid cylinder 
about its of symmetry It is measured 


TORUS. See anchor ring. 

TOTAL EMISSIVITY. See emissivity. 

TOTAL HEAD TUBE. A tube inserted in 
a flow to measure the stagnation pressure or 
the total head. (See pitot tube.) 

TOTAL INTERNAL REFLECTION. See 
total reflection. 

TOTAL IONIZATION. See ionization, total. 

TOTAL RADIANT EMITTANCE. See emit- 
tanee. 

TOTAL-REFLECTING PRISM. See prism, 
lolal-reflecling. 

TOTAL REFJ.ECTION. No eon\cntional 
miiroi will e\ei reflc'ct all of the radiation 
stnkmg it (S(‘(‘ reflection coefficient^) TTow- 
evei, ladiation in a moie dr ns(‘ medium, meet- 



ing the boundary ol a Uss dense meilium at an 
angle gjcatei than thc' eiiti(‘al angle, will be 
totally reflected iiaek into the more dense 
meiliuin. The eiitieal angle is 

• -1 '’2 
(Pc = sin — 

ni 

where is thc index of refraction of the 
meiliimi in wdiich thc railiation is incident and 
Ui that of the second medium. 

TOTAL STRESS ON SURFACE (IN ELEC- 
TRIC FIELD). The mutual repulsions of 
the (dements of charge on a charged body, say 
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a sj)hcrc, produce a tensile stress tending to 
expand the body. A sphere of radius r, and 
charge Q has the potential 


V = Q/kv 


where k is the dielectric constant of the sur- 
rounding medium (unrationalized units). The 
increase of energy upon tlie addition of charge 
dQ is 

QdQ 

dU - VdQ = 

KT 


SO that 

U = 


If now the spliere is allowed to expand under 
the effects of the radial stress (per unit area 
of surface) 


dU = 


QdQ 




KT 


so that for constant Q: 



\0rjQ 

but 

/ai 1 

\ar/y ” 2kt^ 

so 




Now 

Q = 47r7'^(T 


where a is the surface charge density, hence 
N = 2Tro"/K. 


TOTAL TELEGRAPH DISTORTION. Sec 
distortion, total telegraph. 

TOURMALINE. A natural mineral with 
double-refracting crystals, and (he added 
property that the two rays are absoi'hed very 
unequally. The use of tourmaline because of 
its dark color has been largely rejdaced by 
the use of "polaroid.” 

TOWNSEND AVALANCHE. A term used 
in counter technology to describe a j)rocess 
wdiich is essentially a cascath' multiplication 
of ions. In this proc(;ss an ion prodtices an- 
other ion by collision, and the new and orig- 
inal ions produce still others by further col- 
lisions, resulting finally in an ‘‘avalanche” of 
ions (or electrons). The teims “cumulative 
ionization” and “cascade” arc also used to 


describe this process. It occurs in a non-self- 
maintained gas discharge, where ions have 
sullicient eiiei’gy. 

TOWNSEND COEFFICIENT, FIRST (a). 

The number of ion pairs formed by an elec- 
tron in each centimeter of drift toward the 
central wire of a counter. It is a function 
of tin* field strength, the nature of the gas, 
and the gas jiressure. An empirical formula 
due to Townsend is 

a - 

wliorc A ami B are exporinu'ntally dc-tennined 
constants, K tlie field, p the pressure, and 
a is file first Tounsend coefficient, equal to 
the number of electrons released by an initial 
eI(‘ctron in 1ia\ cling one centimeter through 
the Townsend discharge. 

TOWNSEND DISCHARGE. A non-self- 
sustained gas <lNchare(‘. (See gas discharge, 
non-self-sustained. ) 

TOWNSEND THEORY. The theory de- 
scribing tlic formation of an electron ava- 
lanclu' in a counter. (S('e Townsend ava- 
lanche. ) 

TRACE. Tlie smn of the diagonal elements 
of a matrix, indicated by Tr A — An. Its 
pro])crti(‘s include Tr AB - Tr BA; Tr C — 
Tr A'Tr B, ^^llere C = A X B, the direct 
product . Abo called ^pur from the German 
word WIk'u m matrix is a representation of 
a group, it^ trace is called the character of 
the leprcsentation. 

TRACE INTERVAL. Sec interval, trace. 

TRACER. A foreign substance mixed with 
or attached to a giv^ai substance to enable the 
di'^tribution or location of the latter to be d(*- 
termined sul).'equcntly. A ])bysical tracer is 
one that i^ altaclicd by purely physical moans 
to tlie objf'ct Ix’iiig traced. A chemical tracer 
is one that has chemical properties w'hich are 
similar to those of the sulistance being traced 
an*l with vliicli it is mixed homogeneously. A 
radio.ar-*ivc tracer is a physical or chemical 
tracer having radioactivity a.s its distinctive 
property. An isotopic tracer is a radionuclide 
or an allobar used as a cliemical tracer for 
the element with which it is isotopic. 

TRACKING. (1) The maintenance of proper 
frequency -relations in circuits designed to be 
simultaneously varied by gang operation. (2) 
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The process of keeping radio beams set on a 
target. A motion given to the major lobe (see 
lobe, major) of an antenna, such that «'Ome 
pre-assigned moving target in ‘^pace is always 
contained \Mthin the major lobe (3) The 
following of a groove by a phonograph needle. 
(4) The process of causing an index to follow 
tlie variation of a quantity by means of an 
inverse feedback (^ervo) loop. 

TRAILING EDGE. The major portion of 
the decay of a pulse. 

TRAILING EDGE PULSE TIME. See pulse 
time, trailing edge. 

TRAJECTORY. A patli in sjiace which a 
particle or sy^sfem traverses. The force.s aet- 
mg on the particle or systcan determine this 
path. 

TRAJECTORY OF AIR PARCELS. A par- 
cel of air located m a gi\en luvs^'iire field will 
move with tlie gradient wind of the field (as- 
suming steady flow). At the end of a few 
hours, the parcel will locate in some new re- 
gion where it has been carried by the wind 
Tf, howTver, tlie pressure field and tlierefore 
tlio wind is changing, the i^arcel will not move 
into a po.^ition indicated by the exist mu gradi- 
ent flow. It will follow a trajc'etory or path 
dictated by succcs'^ive gradual directions and 
velocities as indicated by synoptic charts. An 
approximation to its tTajectory can he had 
by extrapolating the pareers indicated move- 
ment for as small a time interval as prac- 
ticable (usually 3 or 0 hours between synoptic 
charts) using successive synoptic charts. 

TRANCOR. Trade name for a highly- 
orientcd, silicon-iron magnetic alloy. 

TRANSADMITTANCE. Sec interelectrodc 
transadmittance. 

TRANSADMITTANCE, BEAM. In velocity- 
modulated electron tubes, the ratio of the 
fundamental comiioneiit of beam-current 
through the output gap, to the fundamental 
component of the voltage ajiplied to the stream 
at the input gap. 

TRANSADMITTANCE, OVERALL. In ve- 
locity-modulated electron tubes, the ratio of 
the load current tk'veloped by the beam to 
the actual beam rMTcnt, multiplied by the 
beam tia isadmittance. (See transadmit- 
tance, beaiu.) 


TRANSCEIVER. A portable device which 
can perform both the functions of transmis- 
sion and reception of radio communications. 

TRANSCENDENTAL. A (erm for numbers, 
equations, or functions which are not alge- 
braic. 

TRANSCONDUCTANCE. As most com- 
monly used, the mterclcctrodo transconduc- 
tance between the control grid and the plate. 
At low^ ircquencies, transconductance is the 
slope of the eontrol-grid-to-platc transfer 
characteristic. More generally, the trans- 
conductancc may be defined as the ratio of 
the change in the r iri’ent flowing from one 
])air of tenrnnaL^, tlu'se terminals hiung short- 
cir(*uite<l, to the change in the potential dif- 
feience across anotlur pair ut terminals. All 
clianges aie assumed ^mall. 

transc()nductanc:e, conversion 
(OF A heterodyne CONVERSION 

TRANSDUCER). TUv (luotiint of the mag- 
nitude of tlu* desiied oiitput-fT('(|u(‘ncy com- 
jioiient of euir(*nt by tlu^ magnilufh^ of tlu' 
input-fu*(|uency component of \oItage when 
the iin])edanee ol the ()ut]nit externarteunma- 
tion Is negligible tor all the frequencies winch 
may affect the r(‘-nU. Unless otln'rwisc 
staled, th(‘ term nfcis to tlie cases in winch 
tlic in])ut-fi(*(]ucncv \()hagc is of infiniti^siin il 
magnitude All diiict elertiodi' voltagis and 
the m.agnilude of Ihc local-oscillator voltage* 
must bo spocifled, fixed \aJues. 

TRANSCRIBER. ICfimptni'iit :issof’i:itc‘iI \\](h 
a computinn niac'lime for flip puniose ot trails- 
fen mg minit (or output) data from a record 
of intonnatioij in a given language to tlie 
medium and the language used by a digital 
computing machine; or from a computing 
machine; or from a computing machine to 
a record of information. 

TRANSDUCER. (1) A de vice by means of 
which energy can flow' from one or more trans- 
mission systems to one or more other trans- 
mission systems. The energy iraiismittcd by 
these systems may of any form (for exam- 
ple, it may be cl(‘clric, mechanical, or acous- 
tical), and it may be of the same form or dif- 
ferent forms in the various input and output 
systems. (2) For some purposes the trans- 
ducer is defined (more narrowly) as a device 
capable of being actuated by waves from one 
or more transmission systems or media, and 
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Transducer, Active — Transducer, Ideal 


of supplying related waves to one or more 
other transmission systems or media. It is 
sometimes implied that the input and output 
energies shall be of different forms. E.g., an 
electroacoustic transducer accepts electrical 
waves and delivers acoustic waves. 

TRANSDUCER, ACTIVE. A transducer 

whose output waves are dependent upon 
sources of power, apart from that supplied 
by any of the actuating waves, which power is 
controlled by one or more of these waves. 

TRANSDUCER, BILATERAL. A trans- 
ducer capable of tranbtni'^sion simultaneously 
in both directions between at least two termi- 
nations. 

TRANSDUCER, CONVERSION. An elec- 
tric transducer in which tlie input and the 
output frequencies are different. If the fre- 
quency-changing property of a conversion 
transducer depends upon a generator of fre- 
quency different from that of the input or 
output frequencies, the frequency and voltage 
or power of this generator are parameters of 
the conversion transducer. 

TRANSDUCER DISSIPATION LOSS. For 
a transducer operating between specified 
source and load, tlie ratio of the power de- 
livered by the specified source when the trans- 
ducer is connected to the .specified load, to 
tlie power available from the transducer when 
connected to the specified source. If the in- 
put })ower, or the output ])ower, or both con- 
sist of more than one component, the partic- 
ular components used must be .sjiecified. This 
ratio is u.^ually expressed in decibels. 

TRANSDUCER, DISSYMMETRICAL (DIS- 
SYMMETRICAL NETWORK). A trans- 
ducer whose input and output image imped- 
ances (see impedances, image) are not equal. 
(2) A transducer in w'hieh the interchange of 
at least one pair of specified terminations will 
change the transmission. 

TRANSDUCER, ELECTRIC. A transducer 

in which all of the waves concerned are elec- 
tric. 

TRANSDUCER, ELECTROACOUSTIC. A 
transducer for receiving waves from an elec- 
tric system and delivering waves to an acous- 
tic system, or vice versa. 


TRANSDUCER, ELECTROMECHANICAL. 
A transducer for receiving waves from an elec- 
tric system and delivering waves to a me- 
chanical .system, or vice versa. 

TRANSDUCER EQUIVALENT NOISE 
PRESSURE (EQUIVALENT NOISE PRES- 
SURE). For an acoustical-electrical trans- 
ducer or Ksystem used for sound reception, the 
root-mcan-square sound pressure (sec sound 
pressure, effective) of a sinusoidal plane pro- 
gressive w^ave, winch, if propagated parallel to 
the principal axis of the transducer, would 
product an opcn-circuit signal voltage equal 
to the root-moan-sfiuare of the inherent open- 
circuit noise voltage of the transducer in a 
transmission band having a band wudth of 1 
cycle per second and centered on the frequency 
of the plane sound w’^avc. If the equivalent 
noise pressure of the transducer is a function 
of secondary variables, such as ambient tem- 
perature or pressure, tlie applicabh* value of 
these quantities should be stated explicitly. 

TRANSDUCER GAIN. The ratio of the 
])ower that the transducer delivers to the 
specified load under specified operaiing con- 
ditions to the available power of the specified 
source. If the input and/or output pow^r con- 
sist of more than one component, such as 
multifrequcncy signal or noise, then the par- 
ticular conifionents used and their weighting 
should be specified. This gain is usually ex- 
jiressed in decibels. 

TRANSDUCER, HARMONIC CONVER- 
SION, A conversion transducer (see trans- 
ducer, conversion) in which the useful output 
frequency is a multiple or a submultiple of 
the input frequency. FCither .i frequency mul- 
tiplier or a frequency divider is a special case 
of harmonic conversion transducer. 

TRANSDUCER, HETERODYNE CONVER- 
SION (CONVERTER). A conversion trans- 
ducer (see transducer, conversion) in which 
the useful output frequency is the sum or dif- 
ference of the input frequency and an in- 
tegral multiple of the frequency of another 
wave. 

TRANSDUCER, IDEAL. An hypothetical 
passive transducer (see transducer, passive) 
W'hieh transfers the maximum possible power 
from a specified source to a load. In linear 
electric circuits and analogous cases, this is 
equivalent to a transducer which (a) dissi- 
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pates no energy and (b) when connected to 
the specified source and load, presents to each 
its conjugate. 

TRANSDUCER, LINEAR. A transducer for 

which the pertinent measures of all the waves 
concerned are linearly related. By “linearly 
related^’ is meant any relation of linear char- 
acter whether by linear algebraic efpiation or 
by linear differential equation or by other 
linear connection. The term “waves eon- 
cerned” connotes actuating waves and related 
outj)ut waves, tlie relation of which is of pri- 
mary interest in the problem at hand.' 

TRANSDUCER LOSS. The ratio of the 
available power of the specified source to the 
j) 0 \ver that the transducer delivers to Ihe 
siieeified load undtT specified oj>eratiiig con- 
ditions. If the in])ut ])OW(‘r, or the out]mt 
power, or both consist of more than oju* com- 
ponent, the particular eompom'iits used must 
be specified. Tiiis ratio is usumIIv exiiressod 
in decibels. The transducer loss made up 
of a transition loss between the transducer and 
the load, and a dissipation loss witliin the 
transducer. 

IRANSDUCER, MODE (MODE TRANS- 
FORMER). A device for transforming an 
electromagnetic* wave* from one mode of prop- 
agation to another. 

TRANSDUCER, PASSIVE. A transducer 

wliose output waves are ind(‘pendent of any 
sourct's of power wdiieh is eontrolli'd by the 
actuating weaves. 

TRANSDUCER POWER AMPLIFICATION. 
vSee amplification, power (3), 

TRANSDUCER PULSE DELAY, The inter- 
val of lime between a specified point on the 
input pulse and a specified jioiiit on the re- 
lated out])ut pulse. This is a general term 
which applies to llie pulse delay in any trans- 
ducer, such as receiver, transmitter, amplifier, 
oscillator, and the like. Sp(*eifications may 
require illustrations. 

TRANSDUCER, RECIPROCAL. A trans- 
ducer wdiich satisfies the principle of reciproc- 
ity. (S(‘o reciprocity theorem, acoustical; 
and reciprocity theorem, clectroacousticaL) 

TRANSDUCER, REVERSIBLE. A trans- 
ducer in which thy transducer loss is inde- 
l)endcnt of 'he direction of transmi.ssion. 


TRANSDUCER, SYMMETRICAL. (1) A 
transducer w’hosc input and outimt image im- 
pedances (see impedances, image) are equal. 
(2) A transducer in w^hich all possible pairs 
of specified tenninations may be interchanged 
without affecting transmission. 

TRANSDUCER, TIME-SELECTION. See 
time-selection transducer, 

TRANSDUCER, UNILATERAL. A trans- 
ducer which cannot bo actuated at its outputs 
lyy w'aves in such a manner as to supply re- 
lated w\aves at its inputs. 

TRANSDUCTOR. 1 he name frequently ap- 
plied, in Europe, to a saturable reactor. 

TRANSFER ADMITTANCE (FROM THE 
;TII TERMINAL TO THE kJH TERMINAL 
OF AN ^TERMINAL NETWORK). Th( 

quotient of the e()m])le\ alternating eompo- 
nenl h of I Ik* curr(‘nt flosMug to the Ath ler- 
minal from tlie kih extcn'inl tc'rmimdion by 
the eom})lex alternating (*ompnnenl V, of the 
voltage a])plied to Ihe yth terminal with re- 
spect to the ri'feienee ])oml when «nll other 
terminals have arbitrary external termina- 
tions. 

TRANSFER CHARACTERISTIC. Tn elec- 
tron tubes, a relation, usually sliown hy a 
graph, between the vollage of one (‘Iccirode 
and tlie current to another elc'ci rode, all otlar 
electrode voltages being maintained constant. 

TRANSFER CONSTANT. (1) Of a trans- 
due(‘r, one-half the natural logarithm of the 
e()m))lex ratio of the steady-state product of 
the force and the velocity, or the pressure 
and volume velocity, or the voltage and cur- 
rent entering the transducer to that leaving 
the transducer wdien the latter is terminated 
in an image inij^edancc (sec impedances, 
image). (2) Of a network, onc-half the natu- 
ral logarithm of tin* complex ratio of the 
.steady-state volt -amperes entering and leav- 
ing the nctwwk, w’hen the latter is terminated 
in its image impedance. 

TRANSFER CURRENT (OF A GLOW-DIS- 
CHARGE COLD-CATHODE TUBE). The 

starter-gap current required to cause conduc- 
tion across the main gap. The transfer cur- 
rent is a function of the anode voltage. 
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TRANSFER IMPEDANCE. See impedance, 
transfer. 

TRANSFER (OF CONTROL) INSTRUC- 
TION. In computer terminology, an instruc- 
tion which (conditionally or unconditionally) 
causes the next, instruction word to be selected 
from a .specified memory location. 

TRANSFERENCE NUMBER (OR TRANS- 
PORT NUMBER). Th(i transport number of 
a given ion in an electrolyte is the fraction 
of total current carric'd by that ion. 

TRANSFERENCE NUMBER, METHODS 
FOR. See sheared boundary method; mov- 
ing boundary method; Hittorf method. 


old and new generalized cooidmates and the 
time. The transformation can be defined by 

dS 

Ty{Q,Q) 4 - ■ - 
dt 

where L is the Lagrangian function in orig- 
inal set of coordinates, and // is the Lagran- 
gian function in the transformed set of co- 
ordinates. (Cf. canonical equation of mo- 
tion; Lagrangian function.) 

TRANSFORMATION CIRCLE. Tn imped- 
ance piatching, n circle on a complex fre- 
qucncy i)lane \\hich may be transformed by 
various impedance-eliangiin; ^(‘hemes to co- 
incide with the definition circle. 


TRANSFORM. (1) If A, 7?, X are three 
matrices or three elements of a group, then 
B = is the transform of A hy .Y and 

A, B are conjugate to each other. The com- 
plete set of group (dements which are conju- 
gate to each other form a class of the group. 
(2) An integral equation of the first kind, 

g(z) = l'/\(.r,z)f(.ry/x 

is called the transform of /(.r). Special cas(‘s 
are the Euler, Fourier, Laplace, Hankel, Mel- 
lin, etc., transforms. 

TRANSFORMATION, A change* of vari- 
ables in an algebraic cx[)ret>sion. If inter- 
preted geometrically it is a map or mapping. 
Matrix notation is frequently convenient for 
discussing transformations. 

TRANSFORMATION, AFFINE. A trans- 
formation (i e., change of algc'braie variables) 
of the form .r' — a^r 6j// + rr, ?/' - rt^.r -j- 
^ 2 ?/ + ^ 2 - If the determinant of the coefli- 
cients, A - Oihj — u-bi 7^0, special cas("s of 
it arc translations, rotations, reflections in the 
axes, strains, elongations, and compn^ssions. 
Parallel lines or finite points arc transformed 
into similar configurations; the line at infinity 
remains fixed. If A = 0, the transformation 
is singular. 

TRANSFORMATION, CANONICAL. A 

transformation from one set of generalized 
coordinates and momenta to a new set such 
that the form of the canonical equations of 
motion is preserved. This usually involves 
finding a transformation function S which is 
a continuous and differentiable function of the 


TRANSFORMATION, COI LINE ATORY. 

Two matrices so relaied ihat one is the trans- 
form of the other: 

* B - \- AX. 


where X ^ is the reciprocal to X. (Also 
called, from the German, AhnlivhkeiUtraris- 
formation ) 

TRANSFORMATION, CONGRUENT. Two 
matrices so related ihat B - \AX, where X 
is the transpose of X. 

TRANSFORMATION, CONJUNCTIVE. 
Two matrices so related that B - X^AX, 
^vhere X^ is Hermitian (o X. If ilu* matrices 
are all real, the ti ausformation is also con- 
gruent. (See tran.sforni, congruent.'! 

TRANSFORMATION CONSTANT. A syn- 
onym for disintegration constant. 

TRANSFORMATION, CONTACT. A trans- 
formation which tiansforni< line elements 
(position and direction) rather than points. 
The law of transformation from t.r,//, 2 ) to 
new coordinates (x',}/,z') is exi)resscd as 

ff(x,g,z; x'y,z')ilr = ronst. 


When 

and 


xdS/dx + yf^f>/dy = 0 


x/nS/ilr^ + ai/ = 0 , 

then S is a contact transformation. 


TRANSFORMATION, LINEAR. A change 
in variable, conveniently given in matrix 
form as x' Rx (see vector). A more gen- 
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eral relation is the linear fractional trans- 
formation which is a mapping or transforma- 
tion in the complex plane 

az + b 

^ j (ad — be) 9 ^ 0 

cz + d 

where a, b, c, d are constants, real or com- 
plex. A circle in the 2-plane is transformed 
into a circle in the i^^-plane. A straight line 
transforms in the same way, for it may be 
regarded as a special case of a circle. Since 
tlrere arc only three independent constants in 
the transformation, any three points 2), 23 
are images of Wu '*^2, Thus the points in 
the 2-planc become 0, 1, 00 by the transfor- 
mation 

(22 - 23) (z - 2 i) 

w = 

(22 - Zi)(2 - 23) 

Other terms used for this type of transforma- 
tion are Mdbiiis, general bilinear, and*homo- 
gra])hic transformation. 

TRANSFORMATION, REAL ORTHOG- 
ONAL. A transform which is both collinea- 
tory and congi-uent 

B - XAX = X 'AX. 

TRANSFORMATION SERIES. Synonym 
for radioactive scries. 

TRANSFORMATION, SIMILARITY. See 
transformation, collineatory. 

TRANSFORMATION, UNITARY. A trans- 
formation which is both collineatory and con- 
junctive (see transformation, collineatory and 
transformation, conjunctive) 

B = XUX = X-^AX, 

TRANSFORMER. A device for transferring 
electric energy from a circuit to another by 
magnetic induction, usually with a change of 
voltage. There are no moving parts, nor is 
there any electrical connection of the two cir- 
cuits (except in the case of the auto-trans- 
fonner) ; the energy is transferred through 
magnetic linkage. Regardless of the voltage, 
tlie energy supply circuit is termed the pri- 
mary, and the energy receiving circuit the 
secondary. 

Transformers may be classed as follows: 

1. According to purpose. 

а. Constant voltage ratio. 

б. Con«?tant current. 

c. Fecdi r voltage regulation. 


2. According to use. 

a. Heavy duty. Power type as used in 
substations. 

b. Distribution. At customer end of the 
distribution system. 

c. Instrument. Potential and current 
transformers of small capacity and 
light weight, but having accurate ra- 
tios and j)hase relationships between 
input and output. 

3. According to arrangement of magnetic cir- 
cuit. 

a. Shell type. Large, low-voltage units. 

h. Core type. Small, high-voltage units. 

4. According to arrangement of electric cir- 
cuit. 

a. Single- or three-phase. Small trans- 
formers are often three-phase, but 
large capacity is met by the three- 
phase connection of three single- 
phase transformers. 

h. Connection of three-phase windings. 
A to A, A to Y, Y tn Y, open A. (See 
delta connection; Y connection.) 

5. According to cooling 

a. Air-cooled. 

h Oil-filled. Oil-cooled by dire^ radia- 
tion or by heat transfer to separate 
water-cooling system. 

c Pyranol-filled 

TRANSFORMER, COUPLING. Sec cou- 
pling transformer. 

TRANSFORMER FILTER. A filler which 
provides at all frequencies a certsiin trans- 
formation (step-up or step-down) in imped- 
ance, in addition to having attenuation-con- 
stant and phase-constant characteristics. 

TRANSFORMER, IDEAL. (1) A hypo- 
thetical transformer wdiich neither stores nor 
dissiiiatcs energy. Its self-inductances have 
a finite ratio, and unity coefficient of cou- 
jding. Its self- and mutual-impodances arc 
pure inductanecs of infinitely great value. 
An ideal transfonner satisfies the following 
relations : 

El = nE^ 

1 1 = ^2/^ 

and transforms load impedances by the fac- 
tor n^. (2) An ideal transformer may also be 
defined as a transformer employing ideal core 
or cores operating in the unsaturated region 
of the core characteristic, having perfect cou- 
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pling between windings and further character- 
ized by absence of winding resistances, losses, 
and capacitances. 

TRANSFORMER, INTERPHASE. Sec in- 
terphase transformer. 

TRANSFORMER LOSS. The ratio of the 
power that would be delivered to a specified 
load impedance if an ideal transformer (see 
transformer, ideal) were substituted for the 
actual transformer, to the powder delivered to 
the specified load impedance by the trans- 
former, under the condition that the imped- 
ance ratio of the ideal transformer is e(]ual 
to tliat specified for the transformer. If the 
input and/or output power consist of more 
than one component, such as miiltifreciuency 
signal or noise, then the particular compo- 
nents used and their weighting must be speci- 
fied. This loss is usually expressed in d(‘ci- 
bels. 

An older definition of transformer loss, 
which is now deprecated, is the loss which 
would be eliminated by the insertion, at any 
point in a transmission system, of an ideal 
transformer having an impedance ratio equal 
to the absolute value of the ratio of the im- 
pedances facing the Iransformer. 

TRANSFORMER, MATCHING. Sec match- 
ing transformer. 

TRANSFORMER, WAVEGUIDE. Sec 
waveguide transformer. 

TRANSIENT. (1) That part of the forced 
oscillation (see oscillation, forced) of a lin- 
i‘ar system which decays more or less rapidly 
after the imposition of the force; to be dis- 
tinguished from the st(’ady state. (See decay 
modulus; logarithmic decrement) (2) The 
non-permanent terms in the response of an 
electric network to a stimulus. (See state, 
steady.) 

TRANSIENT MOTION. A motion which 
has not reached or has ceased to bo a steady 
state. (See state, steady.) 

TRANSIENT RESPONSE, ACOUSTIC. The 

response of an acoustical system to a sud- 
denly impressed force or pressure. 

TRANSISTOR. An electronic device for rec- 
tification and/or amplification consisting of a 
semiconducting material to wdiich contact is 
made by three or more electrodes, which are 


usually metal points or by soldered junctions. 
In essence, a transistor consists of a rectify- 
ing junction between the base and the col- 
lector. Cliaracicristic of such a junction is a 
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Tmnfeiator characterisfic curves, Vc is collector volt- 
a^e, Jc ts collector current, F? is ciniUer voltage and 
ie IS emitter current 

space-charge layer. By injecting, from an 
emitter, carriers of the opposite sign, the cur- 
rent carried by the junction can be altered 
and controlled. This is realized in practice 
in various ways, as in the type-A, filamen- 
tary, and p-n junction transistors. 

Compared with a vacuum tube, a transistor 
requires no heater eurronf, is small and light, 
can be made moehanieally rigid and long- 
lasting, aiifl o])erates at low voltages with 
relatively high currents. However, transit 
time efr(*cts limit the frequency response, and 
the operating charaetcristics depend on tem- 
jierature. 

TRANSISTOR AMPLIFIER. Sec amplifier, 
transistor. 

TRANSISTOR BASE RESISTANCE. See 
transistor parameter r^, 

TRANSISTOR, BIPOLAR. A transistor 
which utilizes charge carriers of both polari- 
ties. 

TRANSISTOR COLLECTOR RESISTANCE. 
See transistor parameter r<,. 

TRANSISTOR, CONDUCTIVITY MODU- 
LATION. A transistor in which the active 
properties are derived from minority carrier 
modulation of the bulk resistivity of a semi- 
conductor. 

TRANSISTOR CURRENT AMPLIFICA- 
TION. See transistor parameter hsi. 
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TRANSISTOR CURRENT GAIN. See 
transistor parameter 

TRANSISTOR, DOUBLE-SURFACE. A 

point -contart transistor (sec transistor, point- 
contact) in which tlic emitter and collector 
whiskers contact the oi)i)Osite sides of the 

base region. 

TRANSISTOR EMITTER RESISTANCE. 
See transistor parameter r,. 

TRANSISTOR, FILAMENTARY. A con- 
ductivity-modulation transistor (seo^ tran- 
sistor, conductivity-modulation) with a length 
much gr(‘aler than its tiansvci‘-e dmuMisions. 

TRANSISTOR, HOOK-COLLECTOR. A 

tetrode junction tran‘^istor (P-N-P-N) which 
has a current am^ilification in c\c(‘ss of unity 
by virtue of the “hook” effect at the collector 
junction. • 


TRANSISTOR PARAMETER hn- The in- 
put impedance of a transistor wuth the output 
short-circuited: 

e f Vc='’onstant 

_ + TeVe + ^ 6 ( 1 - a) ] 

+ re 

TRANSISTOR PARAMETER Tlie volt- 

Icedback ratio for a transistor with the 
input opeii-circuitcil: 

. (ii;:) . _ 

\f) 1 g/ -rons( ml ^ h “h 

TRANSISTOR PARAMETER Tlie cur- 

lent amplification of a transistor with the 
output short-ciicuitcd: 


TRANSISTOR, INPUT IMPEDANCE. See 
transistor parameter ftn* 

TRANSISTOR, JUNCTION. A transistor 
having a base electrode and tw^o or more 
junction electrodes. 

TRANSISTOR OUTPUT ADMITTANCE. 
See transistor parameter /ijj. 

TRANSISTORS, P-N JUNCTION, OR P-N-P 
TRANSISTOR, A transistor consisling of 
tvNo p-type legions vrjiaraled by an n-type 
region When a small forwaid bias is apphecl 
to the fijst junction and a huge negative bias 



p-n jimclion tianriistnr (or transistoi) (By ppr- 

misMun fjoiii “Electrons and Holes in St iiiie oiidiic- 
toiH” hy Siiockloy, Copviip:lit 1950, D Van Ts'osliaiid 
Co . In( ) 

to the second junction, the system behaves 
much like a vacuum-tube triodc. (See fig- 
ure.) 


TRANSISTOR PARAMETER a. The cur- 
rent gain of a transistor wdiich is equal to 


/^\ 

\dlj Vc^ 


icon^itant 


/l >] 



TRANSISTOR PARAMETER 7i,> riie oui- 
put admittance of a tiaiisistoi with t^e m])ut 
open-ciicuitcd: 



I 

O) K 


TRANSISTOR PAR\METER r,,. The base 
resistance of a transistor is e<jual to: 



TRANSISTOR PARAMETER r,. The back- 
resistance of the collector-base diode of a 
transistor winch is equal to: 



— ( olletailt 


- rb* 


TRANSISTOR PARAMETER r,. The emit- 
ter icsistance or forward resistance of the 
emitter-base diode of a transistor is equal to 

- 

\oi c / /(-ssruiustant 

TRANSISTOR, POINT-CONTACT. A tran- 
sistor having a base electrode and two or 
more point-contact electrodes. 
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TRANSISTOR, POINT-JUNCTION. A tran- 
sistor having a base electrode and both 
point-contact and junction electrodes. 


TRANSITION. (1) A change of form or ex- 
ternal appearance. (2) A change of state. 
(3) A change ot phase. 


TRANSISTOR, TYPE A. A transistor in 
which emitter and collector are metallic 
point (‘ontacls spac(‘d close togelher on the 



T> pe A (.ninsibtor (Bv ]>( rini^'-ion from “lOlrc lions 
tmd Holes in Soiniconduclois’' liv Slnnklt/, ('opv- 
iii;ht 195U. 1). \!in Nostnind Co, Inc) 

surface of n-type semiconductor. It depends 
for ils action on tli(' holes injected hy the 
emitter into the neigliborhood of tlie collector. 
(See figur(‘.) 


TRANSITION, ALLOWED. A transition 
between two states of a quantnni-mcchanical 
sysf(*ni marked by a eomparati\'e ease with 
whieh th(^ change in quantimi numbers in- 
volved can be accomplished. For example^ 
transitions in which tlie total angular momen- 
tum (]uantum number changes by one in units 
of //, are fre(|uentlv allo\M'(l; and, other things 
being equal, a tunsition involving a change 
of one will take place with greatiT probability 
than a eonipeting transition imolving a 
change in tliis (juantuin number of Uvo or 
more. (See selection rules; forbidden transi- 
tion. ) 

TRANSITION CELL. An electrolytic cell 
eontaiiwng an ('hn-trolyte wdiich i^ undergoing 
a definite change in valence of one of the ions 
present, or of otlier nature, wuth a correspond- 
ing ehangi' in electromotive force. 


TRANSISTOR, UNIPOLAR. A transistor 

w'hieh utilizes charge carriers of only one po- 
larity. 

TRANSISTOR, VOLTAGE FEEDBACK RA- 
TIO. See transistor parameter, hi 2 . 

TRANSIT ANGLE. The product of the 
transit lime and I he angular frequency. 

TRANSIT INSTRUMENT. An astronomical 
instrument eonsisling essentially of a tele- 
scope mounted on a horizontal transverse 
axis, whieli is adjusted so as to be perpen- 
dicular to the plane of the meridian of a 
place. It is use(l for observing the exact time 
of the passage of a celestial body across the 
meridian. 

TRANSIT TIME. The time required for 
electrons to pass between a given jiair of 
electrodes. 

TRANSIT TIME EFFECT. At low frequen- 
cies the transit time in a conventional triode, 
etc., is small compart'd to the jiciiod (transit 
angle is small). As higher frequencies are 
approached the electrons, because the transit 
angle may be an appreciable part of a cycle, 
act e^sentially as tliough they w^ere out of 
phase with the grid signal resulting in a 
greatly increased grid-cathode conductance. 


TRANSITION EFFECT. A t'liange in the 
intensity of tlie secondary radiation associ- 
att'd with a iieam of prinimw radialitm as the 
latter jiasses from a vacuum into a material 
medium, or from one medium into another. 

TRANSITION ELEMENT. (1) An element 
w'liich couples one type of transmission sys- 
tem to another, as a coaxial line to wave- 
guide. (2) See transition metal. 

TRANSITION, FIRST ORDER. A transi- 
tion m v'hieh there is a discontinuous change 
in the first-order derivative of the (lihbs 
function (see free energy (1)), and whieh is 
accompanied by a latent heat. 

IRANSITION, FORBIDDEN. See forbid- 
den transition, 

TRANSITION FREQUENCY (CROSSOVER 
FREQUENCY), Of a disk recording system, 
the frequency corresponding to the iioint of 
intersection of the asymptotes to tlie constant 
amjilitiide and the constant velocity portions 
of its frequency response curve. This curve 
is plotted w’ith output voltage ratio in deci- 
bels as the ordinate and the loganthm of the 
freciueney as the abscissa. 

TRANSITION, ISOMERIC. See isomeric 
transition. 
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TRANSITION LOSS. In audio systems and 
components, the transition loss is defined as 
follows: At any point in a transmission sys- 
tem, the ratio of the available power from 
that part of the system ahead of the point 
under consideration to the power deliveretl to 
that part of the system beyond the point un- 
der consideration. If the input and/or output 
power consist of more than one component, 
such as multifrequency signal or noise, then 
the particular components used and their 
weighting should be specified. This loss is 
usually expressed in decibels. • 

In wave-propagation usage, transition loss 
is defined in one of tw^o ways, as follows: (1) 
At a transition or discontinuity between two 
transmission media, the difference between 
tlie power incident upon the discontinuity and 
the power transmitted beyond the discontin- 
uity which would be observed if the medium 
beyond the discontinuity were inatch-tx'rmi- 
nated. (2) The ratio in decibels of the power 
incident upon the discontinuity to the power 
transmitted beyond tlie discontinuity which 
would be observed if the medium beyond the 
discontinuity were match-terminated. 

TRANSITION METAL. A member of one 
of several groups of elements in the periodic 
table having an incomplete inner shell, eg., 
Fe, with only 6 out of 10 possible elec- 
trons, and yet wilh 2 electrons in the 4s state. 
The magnetic propcidies of these elements are 
important, since the electron spins in the in- 
complete shell tend to line up (Hund rule), 
and hence have large magnetic moments. 


Wi 
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is the total transition probability for state i. 
The probability that the system is still in 
state i at the end of time t is then For 

radioactive transitions, the symbol X is used 
instead of Wi, and the total transition prob- 
ability is then called the disintegration con- 
stant. 


TRANSITION REGION. The region, be- 
tween two homogeneous semiconductor re- 
gions, in which the impurity concentration 
changes. 

TRANSITION, SECOND ORDER. A tran- 
sition in which there are discontinuous 
changes in the sccond-ord(T derivatives of 
the (iibbs tun(‘hon (see free energy (1)). It 
is accompanied by a sharp peak in the spe- 
cific heat, and in an ideal s(‘cond-ord('r tran- 
sition there is no latent lieat lOxainjiles: the 
transition of helium 1 to helium TI at 2 ]9°K; 
superconductive transition in the absence of 
a magnetic fluid; transilion from ferromag- 
netism to paramagnetism. 

TRANSITION ZONE. In inetcorologry, the 
relati\cly narrow region occupied by a front 
wherein the meteorological properties exhibit 
large variations over a short distance and 
possess values interiuediate Ixdwecn those 
characteristic of the air masses on either side 
of the zone. 


TRANSITION MULTIPOLE MOMENTS. 
See multipole moments. 

TRANSITION POINT. A point at which a 
system changes phase. Familiar examples 
are tliose of melting, vaporization, etc These 
are first-order transitions (see transition, first 
order) in which there is a discontinuous 
change in the first-order derivatives of the 
Gibbs function (see free energy (1)) and 
which are accompanied by a latent heat. Ex- 
amples of transitions of the second order are 
also known. (See transition, second order.) 

TRANSITION PROBABILITY. The prob- 
ability per unit tiiue, symbol uv, that a sys- 
tem in stat'' i vv ill undergo a transition to state 
/. The quauLity 


TRANSITRON OSCILLATOR. See oscil- 
lator, transitron. 

TRANSLATION GROUP. The totality of 
operations by whicli a crystal lattice may be 
transformed into itself by bodily displace- 
ments without rotation. 

TRANSLATION OPERATION. The geo- 

metrical process of displacing a body along a 
straight line, keeping lines fixed in the body 
always parallel to themselves. 

TRANSLATIONAL PARTITION FUNC- 
TIONS. See partition function. 

TRANSMISSION ANOMALY. In under- 
water sound, the deviation of transmission 
from inverse square law propagation. The 
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transmission anomaly A in decibels is given 

by 

A = ~ 20 log 

where H = transmission loss in decibels, R = 
horizontal range in yards. 

TRANSMISSION BAND (OF A UNICON- 
DUCTOR WAVEGUIDE). Tlic frequency 
range above the cut-oflF frequency. 

TRANSMISSION COEFFICIENT. (1) In 

a transmission medium, at a given frecjuency, 
at a given point, and for a given mode of 
transmission, the ratio of some quantity asso- 
ciated with the resultant held, which is the 
sum of tlie incideni' and relh'cted vvaves, io 
tlie corresponding (luantity in tlie incident 
wave. The transmission coefficient may he 
different for different assoeiated quantiti(‘s, 
and the chosen quantity should he siieeified. 
The “voltage transmission coefficient” is com- 
monly used and defined as tlie complex ratio 
of the resultant electric field 'strength (or volt- 
age) to that of the incident wave. (2) For a 
transition or discontinuity between two trans- 
mission media, at a gJ^•en freiiuency, tin' ratio 
of SOUK' (|iianti(y associated w'ith the trans- 
mitted w’ave at a siiecifiod point in the second 
medium to the same quant it v associat(‘(l with 
the incident W'ave at a spc'cified point in a 
first medium, the second medium being 
match-terminated. {.‘^1 In abanic jihysics, 
transmission coefficienf is ‘ nonyin for 
penetration probability. (4) acoustical 

transmission coi'fficiiad, set' sound transmis- 
sion coefficient. 

TRANSMISSION DENSITY, DIFFUSE. The 
value of the photographic transmission den- 
sity obtained when the hglit flux impinges nor- 
mally on the sanijih', and all the transmitted 
flux is collected and measured. 

TRANSMISSION DENSITY, SPECULAR. 
The value of the photographic transmission 
density obtained wdien the light flux iinpinges 
normally on the sanqile, and only the normal 
component of the transmitted flux is collected 
and measured. 

TRANSMISSION, DIPLEX RADIO. The 

simultaneous transmission of two signals 
using a common carrier wave. 

TRANSMISSION EXPERIMENT. An ex- 
periment in which a sample of material is 
placed between a source of radiation and a 


detector that registers tlie intensity of the 
transmitted radiation as a function of, for 
example, the intensity of the incident radia- 
tion or the thickness of the absorbing mate- 
rial. Transmission cxjieriments arc com- 
monly used in the measurement of the total 
cross sections for neutrons. 

TRANSMISSION, FACSIMILE. The trans- 
mission by electrical means of any graphic 
inati'riul such as pictures, printed matter, 
maps, etc. Then are tlirce mdhods of trans- 
mission, in use, transmission by radio, by land 
telephone lines a?ul by submarine cahh*. Each 
of Llit'se introduces its own problems, but the 
fundamentals of the system are the ^ame f(»r 
all, the materia) must be broken into secpien- 
tial eleiiHailary parts wliK h may be Trans- 
mitted by electrical means and then the parts 
convert(‘(l t)a(‘k into a graphic pres('ntation at 
the r(‘C('ivei. ^1\) be specific let us discuss the 
transmission of a jiictiirc although it should 
be kc])t in mind that exactly tlio same proce- 
dure apjilies to any graphic material. The 
picture is broken into the seciiicnce of elemen- 
tal paits by the jirocess of scanning. This 
may he done by mounting Die picture on a 
r(‘volving drum and projecting a very small 
beam of light on or through it. The light is 
reflected (or tran-mitti‘d ) to a phototube, the 
liuht and hence the phototube output being 
jiropoitioiial to the incture density. The light 
is nuned along the picture (parallel to the 
axis of the drum) at such a rate that it dis- 
plac(*s axially its own wndth for each rovolu- 
tion of the drum. Thus tlie spot of light pro- 
gressively coveis e\(*ry spot on the picture. 
The oiffjnit of tlie phototube is an electrical 
brc'akdown of the picture, and is tlien modi- 
fied for transmission. For radio and land 
lines this means modulation ujion a suitable 
carrier. There are several methods of doing 
this but these are merely details of the S 3 ^s- 
t('ni. For snbinarine cable transmission the 
■signal is amplifipd Ijy d-c amplific'rs and fed 
directly to the cafile since tho.se cables cannot 
liandle liigli freciuencies. At the receiving end 
the rnodulat(Tl .signal is demodulated and fed 
to the recorder. This varies with different 
systems hut twm types are in wdde use. One 
depends ujion a variable light on a photo- 
graphic paper or film. The light is varied in 
different ways, one being to use' a specially 
constructed gas-filled lamp wdio.ee intensity 
varies with the signal, others use light valves, 
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but in each case the result is a spot of light 
whose intensity varies with the picture focused 
on the paper. There arc some direct-develop- 
ing pai)crs, but others require a development 
process after removal from the receiver. The 
other method of recording is to utilize a paper 
sensitized to electrical current ])assage aiul to 
pass the received signal current (after detec- 
tion, of course) through it. Regardless of tlie 
method of recording it is necessary for the 
receiver to be synehroniz(‘d with the transmit- 
ter. Sometimes this is accomplished by de- 
pending upon the stability of ihe ]K)\\cr sys- 
tems and the use of synclironous motor drivc‘«:; 
other methods involve the transmission of 
synchronizing pulses periodieally. Facsinnle 
transmission has a wide fi(‘ld of application 
in the transmission of news pictures, legal 
doeiiments, nia])s, cte. 

TRANSMISSION GRATING. A diffraction 
grating ruled on a transparent base. (Mo^t 
transmission gratings are plastic replicas of 
reflection gratings.) The radiation is tran^ 
mitted througli, ratlier than n'flected from 
such a grating. 

TRANSMISSION LEVEL. The level of the 
signal power at any jioint in a transmission 
system which Is the ratio of the power at that 
point to the jiower at some iioint in the svstem 
chosen as a reference point. This ratio is 
usually expressed in decibels. 

TRANSMISSION LIMIT. A limiting wave- 
length or frc(iueiicy above or below \vhi<'h a 
given type of radiation is jiraclieally all ab- 
sorbed by a given medium. If the limits are 
sharply defined, Ihe medium acts ah a sharp 
cut-off filter for that radiation. 

TRANSMISSION LINE. The conducting 
sybtem for electrical energy between two or 
more points. In coimniinicaiion circuits, cer- 
tain properties of the line become iiiiporlaiit. 
This is due to the much sliorter wa\elengths 
used in sucli circuits so tlie lines used will fre- 
quently be several wavelengths long. Thus at 
60 cycles (commercial jiower frequency) a 
line Avoulcl have to be a little over 3000 miles 
long to be a wavelength while in the middle 
of the audio range (5000 cycles) it would only 
need to be about 37 miles and at the ultra 
high radio frociuc 'ucs only a few inches. If 
a line has a length of tlie order of a wave- 
length or juore and is not matched (see match- 
ing) reflection and resultant standing waves 


will result. Often this is a serious drawback 
to its useful function but for high radio fre- 
cpiencics this property is used to great ad- 
vantage. A line having standing waves ap- 
pt'ars at its input terminals to be a resonant 
cireuit (alternately as a series and a parallel 
type) when adjusted to multiples of a quarter- 
wave in length. Since at the very high radio 
frequencies a quartcr-w'avcdength line is only 
a few iu(*lu‘s long, such lines are often used 
to ser\e as resonant circuits for tanks in oscil- 
lators, amplifiers, etc. Used in this connec- 
tion they arc supi'rior to ordinary lumped in- 
ductance and capacitance circuits as they 
ha\e a much higher Q and when pr()i)erly con- 
st rinded w'lll cause much Iowxt radiation 

Tf these liiic‘>' are adjusted in length 
to something other than quartcr-w^ave mul- 
liph"^ they act as inductance or capacitance, 
d(‘[»ending upon the exact length. Such Inn'-' 
ai(' u^'CmI lor a \ ari(dy of fuiK'lions, (' g., tanks., 
radio-fre{]uency chokes, timing elements, coll- 
iding elements, etc. They ar(‘ w id('lv ummI at 
fretpiencies of a hiindrecl or so mcgaev(‘les and 
at still higher freiiueneies are the only saiis- 
factory means for tunine’ ainl coupling cir- 
cuits In the^e application^ the co^hxial line 
or wave guide are ordinarilv iiM'fl since they 
do not radiate hut at the lower fr('(iuonci(‘s 
}>arallel lines are sonielimes used for con^ on- 
ioiuM*. Various short - and oi)en-eircmt(‘d lines 
are useful for inipedanct' matching at radio 
frequencies. In [)owxt circuils the lo^st'v. oi 
thi‘ line, w'hil(* imporlant from an etlicienev 
^t.indpoint are not too seiifius but in telephone 
circuits these losses may be an a])preciai)l(' 
liart of tlie total power and consefpK'ntly are 
a serious problem. Also a line which long 
enouah to b(‘ comparable to a wavelength will 
produ(‘(‘ appreciable phase shift and Ibis may 
cau^(' trouble in communication circuits. Im- 
])ortant constants of lines may be summed up 
in the following equations: 

y = Vzy |/| = |/.|e-“* 

7 = a -h j/3 

Zo = I = 

wdiere z is the series impedance of the line 
per unit length, y the shunt admittance per 
unit length, y the propagation constant, a the 
attenuation constant, /3 the wavelength or 
phase constant, Zo the characteristic imped- 
ance, |/| (he magnitude, I the vector current 
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at a distance I from the sending end, /, the 
sending end current, e the base of the natural 
logarithms. The phase shift along the line 
may be found from 

Phase = 131. 

(See also balanced line; coaxial line; wave- 
guide.^ 

TRANSMISSION LINE, COAXIAL (CON- 
CENTRIC). A transmission line consisting 
of two coaxial cylindrical conductors. 

TRANSMISSION LINE, EXPONENTIAL. 

A two-conductor transmission line who-^e char- 
acteristic impedances vary exponentially with 
electrical lenglli along the line. 

TRANSMISSION LINE, RADIAL. A i)air 
of ]iarallel condiieting ))lanes used for propa- 
gating uniform, eircular-cyliiidrical waves 
liaving their axes normal to ihe planer. 

TRANSMISSION LINE. SHIELDED. A 
transmission line whose eleiiumts essentially 
eoi'Tine propagated electrical eiu'rgy to a finite 
sfiacc' inside a conducting slicatli. 

TRANSMISSION LOSS. ( 1 ) The power lost 
in trausinissi{)ii betw’een one jinint and an- 
other. Tt is measured as the diflcrence be- 
tween the net pow’er jiassiiig the first point 
and tlic net pow'er passing the S('cond. (See 
standing wave los.s factor.) Tn underwater 
sound, the transmission loss 11 is d(‘rm(‘d to be 
JI N — L, where S is the sound level in 
decilx’ls, and L is tlu^ sound pressure level 
in decibels above rjiis ol 1 dyjiC/cim. 

TRANSMISSION MODE. I he vai'ious trails- 
mission modes in a waveguide art’ character- 
ized by ihe clecti’ic and magnetic field pat- 
terns in a plane normal to the guide axis. 
AAdion the magnetic vector i'^ perpendicular 
to the direction of travel, the w^ave is 
?»m‘e niaciricfic, or a TM-wave. A\ hen the 
electric vector is transverse, it is a iratisvorse 
ciectrir^ or TK-\vave. If both vi’ctors are 
perpendicular to the direction of travel, the 
wave is trcirisvers^y elcctrotnagf^ctic, or a I LAI- 
wave. There arc an infinite number of trans- 
mission modes in a guide, but each mode pos- 
sesses a cut-off frequency; Nvave*- of loW’er fre- 
quency cannot be projiagated by the corre- 
sponding mode. The low^est of these fre- 
quencies is the absolute cut-off frequency of 
the guide, and the corresponding mode is the 
dominant transmission mode. Note that a 


pair of jiarallel wdres is a waveguide possess- 
ing a cut-off frequency of zero, i.e., direct cur- 
rent is propagated. 

TRANSMISSION MODE, PRINCIPAL. The 
dominant transmission mode of a waveguide. 

TRANSMISSION, MONOCHROME 

(BLACK AND WHITE). In television, the 
transmission of a signal w^ave wliicli repre- 
sents the brightness values in the picture, l)ut 
not I lie chroinaticity values. 

TRANSMISSION (RECEPTION) MULTI- 
PATH.* The tracing of multiple paths by 
transmitU'd w'av< s to reach a point of recej)- 
tion. The waves received may consist of the 
original w'ave plus wave com])Oiients of the 
original wliich have been reflected from iono- 
sp] lere layers surface of the earth, laiildings, 
aircraft, etc. 

TRANSMISSION, MULTIPLEX. The sirnul- 

taiH’ous transmission of tw'o or more signals 
within a single chamuO. Multiidcx transmis- 
sion as applied to FM broadcast stations 
means the transmission of facsimile or other 
signals in addition to the regular broadcast 
signals. 

TRANSMISSION, MULTIPLEX RADIO. 

Idle Simultaneous traii'^mission of tw'o or more 
signals using a common carrier wave. 

TRANSMISSION OF LIGHT (TRANSMIT- 
TANCE). Idle ratio of the light flux trans- 
mitted by a medium to the light flux incident 
ujioii it. Transmission may be either diffuse 
or specular. 

TRANSMISSION PLANE, d he plane of vi- 
bration of polarized light which will p.ass 
tlirough a given polarizer, ‘'iicli as a Nicol 
pri.sni. 

TRANSMISSION, SEQTTENTIAL COLOR. 

In teh’vi^ion, the sending of the ^-ignals arising 
from differently-colored sections of an image 
one after the other, in a certain order. (See 

television, color, dot-sequential; television, 
color, field-sequential; and television, color 
line-sequential.) 

TRANSMISSION, SERIAL. A system of in- 
formation transmission in which the char- 
acters of a w'ord are transmitted in sequence 
over a single line, as contrast’d to parallel 
transmission. 

TRANSMISSION, SINGLE - SIDEBAND. 

Tliat method of signal tr,ansmission in which 
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one sideband is transmitted and the other 
sideband is su])pressed. The carrier wave 
may be cither transmitted or suppressed. 

TRANSMISSION SYSTEM, ACOUSTIC. An 

assembly of elements adapted for the trans- 
mission of sound. 

TRANSMISSION SYSTEM, MECHANICAL. 

An assembly of elements adapted for the 
transmission of mechanical power. 

TRANSMISSION, VESTIGIAL-SIDEBAND. 

That method of signal transinin.^ion in which 
one normal sideband and the corresponding 
vestigial sideband (see sideband, vestigial) 
are utilized. 

TRANSMISSIVITY. Ordinarily defined as 
the ratio of the transmitted radiation to the 
nonnally-incident radiation, as radiation is 
passed through a boundary betw^'en two 
media, or through a plate of one medium im- 
bedded in another medium. Also expr(\ssed 
as per cent transmission by multiplying by 
100. 


TRANSMIT-RECEIVE SWITCH (T-R 
SWITCH) (T-R CAP) (T-R TUBE). An oi)en 
spark gap or gas-filled tube used in a du- 



Typical T-H box pcriiiishioii fiom “Miciowiivo 
Theory ana Techniques” by Reieh et al., Copyriglit 
IIW, D. Van Nostrand Co., Inc.) 


plexer. At frequencies above 3000 Me, the 
gaps are usually incorporated into cavities 
because of lower losses. In order to reduce 
the field strength required for breakdown of 
the T-K tube, the tube is provided with a 
keep-alive electrode. A typical assembly for 
coaxial lines is shown. 

TRANSMITTANCE. The ratio of the radi- 
ant power transmitted by a body to the total 
radiant power entrant to the body. Com- 
monly, the body is in tlic fonn of a parallel- 
sided plate, and the radiation in the form of 
a iiarallel beam incident normally on the sur- 
face of the plate. Transmission measure- 
ments should be correctc'd for reflection and, 
in most cases, for scattering. Transmittance 
so corrected is sometimes called internal trans- 
mit! an(‘e. If only the emergent radiation 
which is ]iarallel to the entrant beam is ob- 
seived, the tran.smittance is called specular. 
If all the emergent radiation is observed, the 
I raip-iiiit (ani*e is called diffuse. The transmit- 
tance may be ineasun'd for any radiation, for 
visible light (ojitical transmittance), or as 
a function of the wa\(*l(‘ngtli of the radiation 
(sp('f*(ral transmittance) . 

TRANSMITTANCE, DIRECiiuinal. LU- 
MINOUS. Tli(‘ ratio of the luminance of the 
surface at which light ]ea\es a diffusing ob- 
ject to th(‘ illuminance of the surface at which 
the light is incident upon the object; provided 
that (1) the luminance of the emergent sur- 
face i^ ex])ress(Hl in laniberts an^l the illiiini- 
Tiaiiee of the incident surface in lumens/sq cm, 
or (2) Die luminance of tlie emergent surface 
is expressed in foot-Iambcrts and the illumi- 
nance of the incident ^uirfaco in foot-candles. 

TRANSMITTANCY. The ratio of the trans- 
mittance of a solution to that of the pure 
solvent in eipihalent thickness. 

TRANSMITTED WAVE. See wave, trans- 
mitted. 

TRANSMITTER, (1) A device for convert- 
ing sound w'aves into corresponding electrical 
oscillations, e g., a microphone or telephone 
transmitter. (2) In radio communications, 
the complete group of equipment utilized in 
cunv(*rting sound, or an audio-frequency elec- 
trical signal into the modulated radio-fre- 
quency signal fed to the antenna. The usage 
varies somewhat and may connote the mod- 
ulators and radio-frequency stages, or may 
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be applied to more or less of tlie equipment 
constituting the complete broadcasting sys- 
tem. 

TRANSMITTER, ALTERNATOR. A trans- 
mitter which utilizes power general ed by a 
radio-frequency alternator. 

TRANSMITTER, AMPLITUDE - MODU- 
LATED. A transmitter which transmits an 
amplitude-modulated (see modulation, am- 
plitude) wave. In most am[)litu(lc-mo(lulated 
transmitters, the frequency is stabilized. 

TRANSMITTER, AMPLITUDE - MODU- 
LATED, AVERAGE POWER OUTPUT OF. 

The radio-frequency })ower delivered to the 
transmitter output terminals averagc<l over 

a modulation cycle. 

TRANSMITTER, AURAL. The radio equip- 
ment used for the transmission of the aural 
(sound) signals from a television broadcast 
station. 

TRANSMITTER, BROADCAST. A trans- 
miller iisfw] for tlie commercial AM, FM and 
TV channels, Mngly or in combination 

TRANSMITTER, CRYSTAL - CON- 

TROLLED. A transmitler whose carrier fre- 
quency is dirc'ctly controlled hv the (‘l('ctro- 
mt‘chanical charaeterisiics of a j)i(Te of ma- 
terial of crystalline struct un*. 

TRANSMITTER, CRYSTAL - STABII JZED. 
A transmitter employing automatic frequency 
control, in which tlie reference frccjiu cy is 
that of a crystal oscillator. 

TRANSMITTER, DOUBLE-SIDEBAND. A 
transmitter which transmits (he carrier fre- 
quency and both sidebands resulting from the 
modulation of the carrier by the modulating 
signal. 

TRANSMITTER, FIXED. A transmitter that 
is operated in a fixed or permanent location. 

TRANSMITTER, FIXED-FREQUENCY. A 
transmitter designed for operation on a single 

carrier frequency. 

TRANSMITTER, FREQUENCY - MODU- 
LATED. A transmitter which transmits a 
frequency-modulated wave. 

TRANSMITTER, MOBILE. A transmitter 
designed for installation in a vessel, vehicle, 


or aircraft, and normally operated while in 
motion. 

TRANSMITTER, MULTICHANNEL 

RADIO. A transmitter having two or more 
complete radio- frequency poitions capable of 
('j)orating on different frequencies, either in- 
dividually or simultaneously. 

TRANSMITTER, MULTIFREQUENCY. A 
transmitter eaf>able of operating on two or 
more .selectable frequencies, one at a time, 
using preset adj moments of a single radio- 
frcfiuency’ [>ortion. 

TRANSMITTER, PHASE - MODULATED. 
A transmitter whicl) transmits a phase-modu- 
lated (se^^ modulation, phase) wave. 

TRANSMITTER, PORTABT.E. Commonly 
Used at present for “transportable transmit- 
ter ” Pnderred use of this tenn covers a 
transmitter wlpeh can be readily carried on 
a p(‘rson and may or may not be operated 
while in motion. This includes the class of 
so-cnlled “walkie-talkies,"’ “handy-talkies,” 
and “iiersonal” transmitters. 

TRANSMITTER, PULSE. A piilsc-modu- 
lated transmitter whose peak power-out])ut 
capalnlities are usually large with respei’t to 
uxerage power-output rating 

TRANSMITTER PULSE DELAY. See trans- 
ducer pulse delay. 

TRANSMITTER, RADIO. See transmitter 

( 2 ). 

TRANSMITTER, SINGLE-SIDEBAND. A 
Iransmilltr in which one sideband is trans- 
mitted and the other is effectively eliminated. 

TRANSMITTER, SPABK. A transmitter 
\Aliicli utilizes the oscillatory discharge of a 
capacitor through an inductor and a spark 
gap, as the source of Us radio-frequency 
j lower. 

TRANSMITTER, TRANSPORTABLE. A 
transmitter designed to be readily carried or 
transported from jdace to place, but which is 
not normally operated while in motion This 
has been commonly called a “port-able” trans- 
mitter, but the term transportable transmitter 
is proffered . 

TRANSMITTER, VACUUM-TUBE. A 
transmitter in wdiich electron tubes are uti- 
lized to convert the applied electric power into 
radio-frequency power. 


Transmitter, Vestigial-sideband — Trap 
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TRANSMITTER, VESTIGIAL-SIDEBAND. 
A transmitter in which one sideband and a 
j)ortion of the other are intentionally trans- 
mitted. (See sideband, vestigial.) 

TRANSMITTER, VISUAL. (1) All parts of 
a television transmitter which handle picture 
signals, whether exclusively or not (2) Some- 
times, however, limited to the radio equip- 
ment for the transmission of visual signals 
only. 

TRANSMITTING CURRENT RESPONSE. 
See response, transmitting current. , 

TRANSMITTING EFFICIENCY (PROJEC- 
TOR EFFICIENCY). Of an (‘lectioacoustic 
transducer (see transducer, electroacoustic) 
the ratio of the total acou'^tic pnv/('r output to 
the electric j lower mjnit. In computing the 
eh'ctric power input, it is customary to omit 
any electric power supplied for poli^rization 
or bias. 

TRANSMITTING POWER RESPONSE 
(PROJECTOR POWER RESPONSE). See 
response, transmitting power. 

TRANSMITTING VOLTAGE RESPONSE. 
See response, transmitting voltage. 

TRANSMITTIVITY. The internal transmit- 
tance (sec transmittance) for unit thickness 
of a non-diffusmg substance 

TRANSMUTATION. The conversion of one 
clement into anotlier. 

TRANSPONDER. See pulse repeater. 

TRANSPORT MEAN FREE PATH (NU- 
CLEAR REACTORS). (1) Where (he Fick 
law is ajiplicable, three times the diffusion co- 
efficient of neutron flux. (2) A modified mean 
free path used to correct for the persistence 
of velocities and anisotropy of scattering. 

TRANSPORT NUMBER (OR TRANSFER- 
ENCE NUMBER). The transport number ot 
a given ion in an electrolyte is the fraction of 
total currcnl carried by that ion. 

TRANSPORT NUMBER, METHODS FOR. 
See sheared boundary method; moving 
boundary method; Hittorf method. 

TRANSPORT THEORY. A theory based on 
an approximation o the Boltzmann equation 
for such •onditions that the Fick law is not 
aiiplicablf^ 


TRANSPORTABLE TRANSMITTER. See 
transmitter, transportable. 

TRANSPORTATION LAG (DELAY). Syn- 
onym for dead-time lag. 

TRANSPOSE. See matrix, transposed. 

TRANSPOSITION. A cyclic permutation of 
degree two. (See permutation, cyclic.) 

TRANSRECTIFICATION. Rectification in 

one circuit as a result of an ap[)lied signal in 
another. An example is the plate or anode 
bend detector. 

TRANSRECTIFICATION FACTOR. The 

quotient of the change in average current of 
an electrode by the change in the amplitude 
of the alternating sinusoidal voltage applied 
to another electrode, the direct voltages of thi^ 
and other eleefrodos being maintaine 1 con- 
stant. Unless otlu'rwiso stated, the term refer'- 
to cases in whi(‘h the alternating sinusoidal 
voltage is of infinitesimal magnitude 

TRANSTRICTOR. A name which has becai 
ajiplicd to a unipolar transistor (See tran- 
sistor, unipolar.) 

TRANSVERSE ET.ECTRIC WAVE (TE 
WAVE). See wave, transverse electric (TE 
wave). 

TRANSVERSE ELECTROMAGNETIC 
WAVE (TEM WAVE). See wave, transverse 
electromagnetic (TEM wave). 

TRANSVERSE MAGNETIC WAVE. Sei 
wave, transverse magnetic (TM wave). 

TRANSVERSE ROD SUSCEPTANCE. See 
tuner, screw. 

TRANSVERSE SEPTA (SEPTUM). Trans- 
verse diaphragms placed in waveguides. 

TRANSVERSE WAVE. See wave, trans- 
verse. 

TRANSURANTC ELEMENTS. Elements 
with atomic nniiibers higher than uranium, 
which has an atomic number of 92. 

TRAP. (1) An absorption filter (see filter, 
absorption) used to trap or remove an unde- 
sired signal from a receiver, as in the sound 
trap used in the video amplifier of a television 
receiver to prevent the sound signal from in- 
terfering with the picture. (2) A device de- 
signed to reduce the effect of vapor pressure 
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of the mcrcuiy or oil in a difFusion pump on 
the high-vacuum side of the system. 

TRAP, ALKALI-METAL MERCURY. A 

mcrcury-vapor trap (see trap (2)) consisting 
of a section of tubing lined internally witli 
a substantial amount of sodium or potas'^ium. 
The trapping action depends on the formation 
of an amalgam of very low vapor i)ressure. 

TRAP, LOW-RESISTANCE. One of a vari- 
ety of traps (see trap (2)) designed to have 
a low resistance to molecular flow, so that 
high ])umping spc'od is maintained at the .same 
time as high vacuum. 


TRAP, REFRIGERATED. A trap (sec trap 
(2)) which consists of a section of the \ acuum 
line rcfrig(‘rated to very low t(‘m|)(‘raMire, so 
that condensation of mercury or oil Aa})or 
takes place. 


TRAPEZOIDAL RUI.E. A siiec ial ( ase of 
the Newton-Cotes formula for numerical in- 
tegration 



= h 


!Jo 

2 


•h 2/l -h 1/2 + * * ■ I yn-\ 


Vn 

o 


where h is the interval between eciually-spaec'd 
values ol ,r, the iiuh'pcmdent varialile 


TRAPPING. An (‘leetroii in ihe conduction 
band of a semiconductor or insulator may be 
caught })\ any irrcgularily in Hie cry-' d lat- 
tice and Irappi'd tlnu’e until it can .>e ic- 
leas(‘d by thermal agitation. The rate of n'- 
leasc will depend on «’xp ( -- E 'kT) v. lure E 
is the depth of the tray) — hence a material 
containing large mimbf'rs of (l(‘ep (raps may 
vshow reduced photoconductivity, for ex.amjile, 
and a slow decay as the ck'ctrons are rel used 
after the light has been removed. 

TRAUBERULE. A n'latioiishiy) between the 
effects upon tin' surface tension of water i)ro- 
duced by the addition of organic substances 
in various homologous scries. In dihito solu- 
tions, the effect of each additional — CTT^ — 
group in a given series is to decrease by three 
times the concentration at whicli ecyiial lower- 
ing of surface tension is obtained. 

TRAVELING PLANE WAVE. See wave, 
traveling plane. 


TRAVELING- WAVE MAGNETRON OS- 
CILLATIONS. Sec magnetron oscillations, 
ti-avcling-wave. 

TRAVELING WAVE TUBE. See tube, 
traveling wave. 

TRAVELING WAVE TUBE, ELECTRON 
WAVE TYPE OF. See tube, electron-wave. 

TREE. A set of connected branches includ- 
ing no meshes. 

TRF. Abbreviation for tuned radio fre- 
(yueiicy.' 

TRIANGLE. A polygon with three sides and 
lliree angh's all lying in tin’* same plane. From 
their jiroyierties, they are named as follows: 
acute, all interior angles acute, congruent, 
two or mo^'c triangles 'vhich may be hiiyier- 
imj)()sed, and which then b(‘come equal in all 
of (h(‘ir j>roj)ei ties; equal, with e(jual areas 
hut not necessarily congruent; equiangular, 
with three (‘(yiuil inteiior angles and therefore 
also equilateral, with three ecjiial sides; 
isosceles, two sides are ccyiial; oblique, con- 
taining no right angle; obtuse, containing one 
obtuse interior angh*; right, one angle is ir/- 
(the opposite side is the hypotenuse and the 
other sides are the two legs) ; scalene, no sides 
aie (Mjual; similar, the angles are ('qual and 
the corrosyjnnding sides are proportional. 

Given a siifricicnt number of parts of a tri- 
angle (sides and angles), the '’omaining y^ai’ts 
may be found by trigonometric methods, a 
yirocess called solving the triangle, tor a 
rmht triangle, two parts must be given in ad- 
dition to the right angle and one of these must 
])(* a side. For an ohlicjuc triangle, there are 
six parts, thn-e each angles and sides. If 
three are given, including one side, the other 
three may be found. 

TRIANGT.E, SPHERICAL. A spherical tri- 
angle is ii figure bounded by arcs of three 
great circles on a sphere. It is a polygon with 
three sid(‘s. The sum of its angle.s is greater 
than but less tlian 540'^. Tlie difference 
Ix'twccii tlic sum of its angles and 180° is the 
spherical excess. If E is this excess and the 
triangle is cut from a sphere of radius i?, the 
area of the splicrical triangle is S — ttR^E/ISO. 
Such triangles arc named according to their 
proyiertics and may be solved by methods of 
spherical trigonometry, an extension of the 
methods of plane trigonometry. 


Tribo-Electrification — Triple Point 
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TRIBO-ELECTRIFICATION. Wlun two 
dissimilar substances arc rubbed together, 
they become oppo^^itely electrified; and if 
either is an insulator, it retains a cliaige. 
For example, if glass is rubbed with silk, Ihc 
glass bf comes positive and the silk negative 
Careful experiments make it appear probable 
that this is a type of contact potential differ- 
ence, and that the friction ser\es only to 
bring about surface contact over a larger 
area 

TRIBOLUMINESCENCE. Luminescence ai- 

iribulable to fiiction It occurs usually m 
crystalline substance^ 

TRICHROISM. The property of exhibiting 
thiec diffeicnt colors wlien viewed in as many 
different directions 

TRICHROMATIC COEFFICIENTS.^ Thue 
coefficients, based on the H‘spoiise of the 
standaid eye to the •spectral (lis( i ibution ol 
light from a standard source, winch inav be 
used to dosciibe the chiomaticity of a source 

TRIGGER. To set off or initiate a ceitam 
action m an clectiical circuit by the apjilica- 
tion of a pulse of \oltago 

TRIGGER ACTION. Synonym for snap ac- 
tion. 

TRIGGER CIRCUIT, Many of the recent 
developments in the apjilication of election 
tubes have utilized \aiious tvpcs of tiigger- 
ing action By this is uiCcinl a ciicuit which 
suddenly ehariges its electrical condition, just 
as if a trigger had trifijicd it (sc'o snap action) 
While tliero are many \aiicties of Mich cii- 
cuits, they icjiicserit some form of imstahlo 
electrical oquilibnum so Ihe triggering dis- 
turbance, whatcvcT it may ho, caiisis it to 
break over into a new condition Tlicse cir- 
cuits range from \eiy simple thyratron de- 
vices to elaborate \ aciium-tuiie circuils which 
give some special type of output Many of 
the modem developments would be impossible 
without these devices 

TRIGGERING. An instability which may 
occur in self-saturating magnetic amplifiers 
in the vicinity of cut-off. 

TRIGONOMETRIC FUNCTION. If 0 is 

one of til acute angles in a right-angle tri- 
angle, X is che side ot the triangle nearest to 6y 


y the side opposite the angle, and r the hy- 
potenuse, the trigonometric functions are 

sm 6 = y/r] cos 6 = x/r; tan 6 = y/x; 

CSC ^ = 1/sm^, sec^ = 1/cos^; 

cot 0 = 1 /tan 6, 

Other quantities, but not often used, are vers 
Oy covers 0, luiv Oy exscc 0. (Sec also inverse 
trigonometric function.) 

TRIMMER CAPACITOR. A small capac- 
itor Used to adju'-t a tuned circuit to the de- 
nned resonance frequency. Essential in track- 
ing Mipei heterodyne rpcei\eis 

TRINOSCOPE. A color-television viewing 
arrangement consisting of three kinescopes, 
thue lenses, and iliiee deflection yokes. 

TRIODE. A tiuce-clectiode electron tube 
containing an anode, a cathode, and a control 
(‘led rode 

TRIODE, CLOSE-SPACED. A triode with 
c\tuin(l> small gnd-calliode spacing (0 000() 
in a^ .m c\am])l(') dt^(lol)(d because of its 
siipiiioi gain-bandwidth product. 

TRIODE. DOUBLE. See duotriode. 

TRIODE, GAS. \ tnodc gistui)e (See gas 
tube; thyratron; ^taitci-aiiode glow lube.) 

TRIODE, PENCIL. See tube, pencil. 

TRIP ACTION (INSTABILITY). Of a mag- 
nitic amphtid, an instability taiised bv feed- 
back. It IS s.ud to occur wlnni the control 
characteristic ceases to be smgle-^ aim'd 

TRIPLE INDICATOR. Jn weatlier map 
analysis, a discontinuity or rnaiki'd change 
m t( mjiei atuT dew' point and wind diredion 
acioss a re]atl^eIy n.iiiow area on a sviioptic 
(hnt u)nstitut(‘s a “tuple indicaioi’’ of the 
('\istenco of a frontal zone m tiiai aiea 

TRIPLE MOLECULAR COLLISION. A 

eolhbion occurring when throe molecules col- 
lide biinultaneoiisly, or come into contact for 
a bhoii: period of time The probability of 
occuncncc ifl \cry small Sometimes postu- 
lated to explain certain phenomena, e.g , re- 
combination of atoms in chemical kinetics. 

TRIPLE POINT. The point in the diagram 
of state of a substance at which the three 
phases gas, liquid and solid are in equilib- 
rium. 
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TRIPLE PRODUCT OF VECTORS. If A, 

B, C are three vectors, they may be combined 
to form products with meaning as follows: 
(1) A(B-C), a vector with the same direction 
as A and magnitude ABC cos B, where 6 is 
the angle between B and C. (2) A- (B X C), 
the scalar triple product, giving tlie volume 
of a parallelepiped with edges A, B, C. It is 
frequently indicated by the symbol [ABC] 
and if the three vectors all lie in the same 
plane [ABC] - 0. It may be written in terms 
of its components as a determinant 


[ABC] = 


At Ay A 2 
Br By B 2 
(\ Cy C2 


Its properties include 

[ABC] = [BCA] = [CAB] = ~[ACB] 

- -[B\C| - - [CBA]. 

(3) The vector triple product, V - A X 
(B X C) is ])erprudi(*ular to botli A and tiic 
\('ctor B X C. It therefore lies in the plane 
determined l)y B and C. Its pro|)erties in- 
clude: A y (B C) - B( A -Cj - C(A-B) 

- -A X <C X B) (C X B) X A - 
-(BXC) X A. 

TRISTIMULUS VALUES. Any sample of 
light can be matched by the mixture ol three 
diheient standard stimuli. The magnitudes 
of tlu‘ three stimuli needed to match a par- 
ticular sample are called the triXimulus 
values of that samide The standard s'lmuli 
must be spt'cified. Tliose most eommonly 
used are the CIE color inKture functions .Y, 
y, Z, of which Y is tlie luminosity' function 
(.s(‘e ^^rience of Color, p[). 2r) 1 316, Crowell 
(1951)) 

TRITIUM. The hydrogen isotope of mass 3. 

TRITON. The nucleus of tritium, that is of 
hydrogen of mass number 3, ])articularly when 
it IS used as a bombarding paidicle or is 
emitted as a result of a nuclear reaction. 

TROCHOID. The path described by a point 
on a line drawn through the center of a circle 
as it rolls along a straight line If the given 
line is the X-axis and the point is originally 
on the y-axis, the curve is given by 

X ad — h sm 6; y = n -- b cos 6 

where a is the radius of the circle, b the dis- 
tance of the point from the center of the 


circle, and 0 is the angle through which the 
circle has rolled. If 6 = a, the curv^e is called 
a cycloid; if h < a, the cycloid is curtate and 
if 6 > a, prolate. 

TROCHOIDAL MASS ANALYZER. A mass 
spectrometer wherein the ion beams traverse 
tiochoidal j)aths within ekadric and mag- 
netic fields mutuiilly perpendicular. 

TROCHOTRON. A multi-electrode vacuum 
lul)(‘ used for scaling, which oj^crates by util- 
izing an electron beam in a magnetic field to 
cliarge elements in sequence. 

TROLAND. A unit of retinal illuminance 
(see illuminance, retinal), being the vi'^ual 
stimulation resulting from an illuminance of 
1 candle/sq m when the apf.arent area ot the 
entrance pupil of the ey(‘ is 1 s(i m. 

TROLAND AND FLETCHER THEORIES. 

Theories of h(‘aring which maintain that the 
sensation of pitch depends upon the time 
nature of the stimulation. In addition the 
Fletcher theory emphasizes the importance 
of the position of excitation on tlie basilar 
membrane. 

TROPOPAUSE, The discontinuity surface 
separating the stratosphere from the tropho- 
sphere. It varies in height fi'om about 55,000 
ft at the e(iuator to 25,(X)0 ft over the poles. 

TROPOSPHERE. Tliat part of the earth's 
atmosphere in vvliich temperature generally 
decreases with altitude, clouds form, and con- 
vection is active. The troposphere occupies 
the spiiro above the earth’s surface up to the 
tropopause. 

TROPOSPHERIC WWE. A radio wave 

that is propagated by reflection from a place 
of abrupt change in the dielectric constant or 
its gradient in the troposjihere. In some cases 
the ground wave may be so altered that new 
components Hjipear to arise from reflections 
in regions of rapidly changing dielectric con- 
rtants; when tliese components are distin- 
guishable from tbe other components, they are 
called tropospheric waves. 

TROPOTRON. One form of magnetron. 

TROUBLE-LOCATION PROBLEM. In 

computer terminology, a test problem whose 
incorrect solution supplies information on the 
location of faulty equipment; used after a 
check problem has shown that a fault exists. 


Trough Line — Tube, Ballast 
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TROUGH LINE. A line drawn in a pressure 
fielfl along which the isobars are syniinetrical 
and cur\ed cyclonically A V-shaped trough 
normally contains a front; a r-sha])ed trough 
generally confains no hont or a ^ety weak 
one Usiiall}^ there considerable weather 
associated with a trough line of the V-vanety 
Trough line movennmts can be computed and 
a foiecast made of futun* positions 

TROUTON RULE. The ratio of the molar 
latent heat of evaporation of a IkiukI to its 
boiling point on the absolute scale is a con- 
^tant, a})i)roxuiia(ely 2 > (aloiie^ deg This 
rule applies only m a limited numbei of cases 
Compounds which associate*, such .is alcohol, 
do not obey this law Deviations are also 
obseived with materials of low boiling points 
and low molecular weight and with sub- 
stance^ of high boiling jioints 

TROY SYSTEM. A system of weights and 
measures in wduch the ounce is identical wuth 
that m the apothecaries’ system. 

Tioif >S?ysfem 

24 grams “ 1 pennyweight 
20 jK'nnyw eights - 1 ounce 
12 ounces 1 pound 
1 pound (Troy) — d7S 25 grams 
1 pound (Troy) 0 SJd jxmnds (a\()irdu- 

pOls) 

TRUNCATION ERROR, fn computer ter- 
minolcjgy, (*iior ic‘sulting fiom the afipioxi- 
ination of o])eiations in the infinitesimal cal- 
culus i)y oiieiatioiis in the calculus of finite 
difieiences 

TRUSS. An .isscmblage of solid bodies m the 
form of lods, bais, etc, so combined as to 
form a rigid fi aim work in which the Icrngth 
of each section can be cbangial bv deforming 
forces only 

TSCHEBYSCHEFF EQUATION. A special 
case of the Gauss hypergeoinetric differential 
equation 

(1 - 2^)^- _ 2,/ + ^ ^ 

wdicre n is an integer Its geneial solution is 
a linear combination of the two kinds of 
Tschebyscheff polynomials. (Tlie name is 
often pjielled cliff* rently, ])articularly Tcheby- 
cheff.) 

TSCHEBYSCHEFF POLYNOMIAL. A so- 
lution of the Tschebyscheff differential equa- 


tion. The two linearly independent solutions 
are known as polynomials of the first and 
second kind Those of the first kind, which 
are the more familiar ones, may be repre- 
.semted by the hypergeometric series 

/ 1 (i - 2)\ 


Other definitions of them arc: 
Tn{z) = COS (n eos~‘ z); 


Tn{z) 


= z" - 


+ 




(-l)"V7l - Z-) (F 
T„iz) = - - - - 

1 3 5 { 2,1 - I ) ilz” 

Sec also generating function, 
mials arc orthogonal: 


/ 


T,„{~)rn{^ 

I 


(1 -z^-y-'’ 

The polyno- 




wdiero = 0, m 7^ n, = tt 2 , tt 

Similar deiimlions and f)H)p(‘i(ies m<u be* gueii 
for polynomials ot the' vccond kind 

TUBE, Tlic word “tube,” when used m this 
book witlioui qualification, refers to an elec- 
tion lube (See tube, electron.) 

TUBE, ACORN. A tube* fsoo tube, elec- 
tron) having small olcTtiodcs of essentially 
com ('iitional ^hapc* which has an upper lic- 
ciiuuicy liimt of aj)pio\imat(‘ly 1200 me Its 
name comi*s liom the* lad that its shape and 
^i7e is apiuovim itc'lv that of an acorn 

TUBE ADMITTANCE, INPUT. See elec- 
trode admittance. 


TUBE, ADMITTANCE, OUTPUT. See 
electrode admittance. 

TUBE, AMPLIFICATION FACTOR OF. 
Sec amplification factor. 

TUBE, BALLAST. A resistance element 
se.iled ill a tube, usually in a hydrogen atmos- 
plic rc, used as a series component of a circuit 
to maintain the current constant. This is ac- 
complished by designing the ballast tube so 
the resistance increases and decreases rapidly 


937 


Tube, Beam-deflection — Tube, Dissector 


with corrcsi)onding changes of current Ihrough 
it. 

TUBE, BEAM-DEFLECTION. An eketron- 
bcam tube (see tube, electron-beam) in which 
current in an output circuit is controlled by 
transverse movement of the electron beam. 

TUBE, BEAM-POWER. An electron-beam 
tube (sec tube, electron-beam) in which use 
is made of directed electron beams to con- 
tribute substantially io its power-handling 
capability, and in which the control grid and 
ihe screen grid arc essentially aligned. 

TUBE, CAMERA (PICKUP TUBE). An 
electron-beam tube (sc'e tube, electron-beam) 
in which an ehTtron-current or charge-den- 
sity linage* is formed from an ojitical image 
and is seann(‘d in a predetermined s(‘(iuenee 
to provide an eleetrieal signal. 

TUBE, CATIIODE-RAY. An electron-beam 
tube (st'e tube, electron-beam) in which the 
bi‘am can lx* focused to a small cross-section 
on a surface, and Miried in position an<l in- 
tensity to produce a visibh* pattern. (For 
more detaih'd discussion, see cathode ray 
lube.) 

TUBE, CODING. An electron-beam tube 
(see tube, clcctron-bcam) that transforms 



Fiinr-lional diiiRrain of tlie codf^r (H> p(’i mission iioin 
“Modiilnlion I'lu’oiv” by HUu k. ( 'opyri^slit HK'i.'i. 1) 
Van Nf)st]}iTid C'o, TmO 


speech samples into patterns of code charac- 
ters. 

TUBE COEFFICIENTS. The constants that 
describe the parameters of a tube, for 

example , transconductance, amplification 
factor, and plate resistance.) 

TUBE, COLD-CATHODE. An electron tube 
(see tube, electron) in which the cathode 
emission does not arise from thermionic 


emission, but from field, secondary, or pho- 
toelectric emission. 

TUBE, CONVERTER. An electron tube (see 
lube, electron) tliat combines the mixer and 
local-oscillator functions of a hetcrodyne- 
conA'crsioii transducer. 

TUBE CORONA. See corona, tube. 

TUBE, CROOKES. A tube used in the in- 
vestigation of the phenomena associated with 
the eondiietion of tiectrieity through gases at 
low pre.'isures; especially the sturly of the 
emission hy tlie cathode of radiations which 
^\ere, tluu'cfore, called cathode rays, and were 
found to l)c stn‘ams of electrons. Lat^*r tlie 
]K)sitive rays, i e., stream^ of posith’ely 
ebarac'd ions, were found to be produced in 
modified tubes of this tyjip. 

TUBE COUNT. A terminated discliarge pro- 
duced by an ionizing event in a radiation 
counter tube. 

TUBE, COUNTER. See entries under coun- 
ter tube. 

TUBE, DIODE. An electron-tube diode. 
(See tube, electron; also diode.) 

TUBE, DISCHARGE, (li A lube used to 
discharge the stored energy as desinvl. For 
example, the tube which periodically shorls or 
diselierges a capacitor being charged from a 
eoiislaiit-eurrent source, the objective Ix'ing, 
in this case, the sawtooth voltage developed 
by the eajiaeitor. (2) Any tube containing 
ga« or vapor iii low iiressure and having two 
or more eleelrodes, through wlu'‘h energy may 
be supplxMl to maintain a gasuxis discharge. 
(See discharge, gaseous.) 

TUBE, DISK-SEAI.,ED. A tube designed 
with low iiitereleetrode spaeings. and low elec- 
trode-lead iiuluetanees for use at ultra-high 
fre(|ueneies. Uonix’etions io the electrodes 
are made through disks sealed in the tubers 
on\ olojie. The di.sks in turn arc usually fitted 
into resonant cavities designed to receive 
tliem. 

TUBE, DISSECTOR. A camera tube (see 
tube, camera) having a continuous photo- 
cathode on which is formed a photoelectric 
emission-pattern which is scanned by moving 
its electron-optical image over an aperture. 


Tube, Door-knob — Tube, Electron 
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TUBE, DOOR-KNOB. A vacuum tube espe- 
cially built for ultra high frequency use where 
the lead inductance and the capacitance be- 
tween electrodes of the conventional tubes 
prevent their use. The door-knob tube gets 
its name from its resemblance to a door knob, 
the peculiar shape being the result of an effort 
to get the leads as short as possible and have 
a minimum amount of dielectric material in 
the construction. These lubes do not have a 
conventional base, the leads being brought out 
directly through the glass and made heavy 
enough to serv'e as connections. ♦ 

TUBE, ELECTROMETER. A liigh-vacuum 
tube having a very low control-electrode con- 
ductance to facilitate the measurement of ex- 
tremely small direct current or voltag(\ (See 
cntri(‘s undta* electrometer.) 

TUBE, ELECTRON. An electron c}cy\ee in 
which conduction by electrons tak(‘S place 
through a vacuum or gaseous medium within 
a gas-tight envelope. The electron tubes 
form the heart of many of the modern devel- 
opments in coiiimunication and industry. It 
is safe to say that without them we would 
have no radio, television, satisfactory long- 
distance telephone service, and many of our 
common every-day necessities could not be 
])roduced as chea])ly find as well without the 
tubes. The election tube is a device in which 
electrons an' freed from the restraints of a 
solid conductor, pass across a free space (\ac- 
uum or gas at low jiressure) and are again 
collected by a solid conductor, but during this 
passage in free sfiace are controlled in man- 
ners which would be impos^ihle if they had 
not been temporarilj" freed. Thus \ve may 
control the flow of current magnitude in a 
wire by controlling the voltage across its 
terminals, but w^hen the electrons are passing 
between the electrodes of a tu])e we can su- 
perimpose many kinds of com])licatcd controls 
if desired. 

Tubes may be classified in various w^ays and 
no one way gives a complete picture. As a 
first general classification we miglit use vac- 
uum and gas-filled, the first being a tube 
which has been as liighly evacuated as pos- 
sible and the latter lieing one which has been 
evacuated and then partially refilled wdth a 
gas at low jires me. Tlie characteristics of 
the two groups * o usually quite different. 
Then they may be classified according to the 
number of elements, two-electrode tubes be- 


ing diodes (the simplest electron tube must 
have at least two electrodes), three-electrode 
tubes being triodes, four being tetrodes, five 
being pentodes and so on. To give anything 
approaching a satisfactory picture of the tube 
it is necessary to use botli types of classifica- 
tion and this is usually done. 

Let us examine the vacuum-tube family 
first, starting with the simple diode. This has 
a thermionic cathode w^hich may he directly 
(filament type) or indirectly heated to pro- 
duc(i electron emission. The other electrode 
IS the anode wdiich collects the electrons. 
Since electrons are negative cliarges they are 
attracted by posit! '*^e-charged electrodes and 
n'pelled by negatively charged ones. Thus if 
the anode is made positive with respect to 
the catliode the emitted electrons will be at- 
tracted to it, the current usually varying as 
the % pow'er of tlu' apjilied voltage. If the 
anode is negative it repeU the electrons and 
no current (low's from one electrode to tlie 
other since the electrons are the carriers of 
the charge. It should be notiMl that the direc- 
tion of the electron flow is opposite the oon- 
ventiomal current dii-ection AVe can s('e, 
then, that if an alternating volt'fge is im- 
firessed across a diode* cun (‘lit wull flow only 
during the part of the cycle in whiclr the .anode 
is positive, thus giving rectifier action This 
is the major use of this tube 

If a third ele'ctroeU* is ins(*rted in tlie form 
of a grid betwec'n the cathode and anode its 
potential wdll also affect the eh’ctron flow^ 
across the tube. As this ne'w electreide, the 
grid, is much cl()'^er to the cathode than the 
anoelo is, a given voltage* on it will luive nmedi 
more eflcct on the electrons than tlie same 
voltage wonlel if inipresseel on the plate\ This 
is the basis of tlie anqilifying aetieui of all the 
griel-eontrolleel tube's and the amplification 
factor of the tube is a measure of this relative 
effectiveness, ^'alwing from two or three to ap- 
proximately a liunelre'el in triodes and much 
higher for tetrode's and pentodes. The elec- 
trons which are controlled by the voltage on 
the grid pass on through the open grid struc- 
ture and go to the plate (wdicn it is positive 
as it normally is), thus giving tlie grid con- 
trol over the jdate current. Another advan- 
tage of this control is that the grid takes 
little or no pow^r from the? controlling circuit, 
yet the controlled powder in the plate circuit 
may be quite large (there is no creation of 
energy involved since the additional power 
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comes from the direct current operating 
source). 

The triode has undesirably high capacity 
between the anode and grid so a second grid 
may be put between these two electrodes to 
shield them electrostatically from one an- 
other. This gives the screen grid or tetrode 
tube. The screen grid is operated at a posi- 
tive potential and ordinarily serves no pur- 
pose except shielding although in certain ap- 
plications it is used for other effects. This 
tube is characterized by a high amplification 
factor, often many hundred, and a high 
dynamic plate rc.sistance, running well over 
a megohm in some cases. Its big dis- 
advantage is a secondary emission effect 
when the plate j)oten(ial is lower than that of 
the screen. This is overcome in the pentode 
by inserting a third grid, the su})press()r, be- 
tween the screen grid and the ])latc, the su])- 
pressor being connected 1o the cathode. This 
new grid effectively sufipresscs secondary 
emission and at Ihe same time tlic tube re- 
tains the d(‘sirablo characteristics of the tet- 
rode Anotlu'r method of acoom])lishing the 
same result is Ihe beam lube wliich is ofttai 
used for pow(‘r amplifiers. In this tulx' the 
electron stream across the tube is focused in 
such a way that it serves as its own suppressor. 

C'(*rtain sia^cial-jiurpose vacuum tubes have 
^till otlicr (‘lcctro(l('s, the peiitagrid converter 
tiilx', for example, has fi\e grids which are 
utilized to make the tulie serve both as the 
oscillator and mixer tube of a suiierlietero- 
dyne receiver. Other niultigrid tubes are 
used for mixing two or more signals to pivo a 
combined effect in the output. Other tubes 
have effectively two distinei tubes within the 
^ame envelojie, e.g , a diode or duodiode and 
triode or pentode are often in the same enve- 
lope to serve as detector and first audio am- 
plifier of a receiver. 

The vacuum-tube family ranges from ex- 
tremely small tubes userl for ultra high fre- 
quency work to the giants of many kilowatt 
(‘apacity used in radio transmitters and large 
industrial applications. Many of these larger 
sizes are water-cooled to dissipate the large 
amount of heat generated by the losses in the 
tube. The diodes are often called kendtrons 
and the grid-controlled tubes pliotroiis, par- 
ticularly in industrial applications. 

The second group of tubes, the gas-fjll(*d, 
have in general quite different characteristics 
due to the ionization of the gas during opera- 


tion. The diode is used primarily as a recti- 
fier and is similar in general construction to 
the vacuum diode. It is possible to have a 
cold cathode in a gas-filled tube and in some 
low power applications such a cathode is often 
used. Besides the passage of electrons as in 
the kenotrons, the ionized gas gives positive 
ions as additional current earners. The pas- 
sage of the original electrons across the tube 
will produce ionization by collision with the 
gas molecules if the volt«ago applied across 
the tu))e is sufTicient to give the electrons the 
necessaiy velocity. This ionization gives rise 
to more elections and ilie positive ions, the 
latter being attracted to the negative cathexie 
where they neutralize the space cliargo sheath 
around the cathode. The result of this is a 
greatly lowered tube voltage droj) with the 
tube current going up tremendously and no 
longer following the K powder law. In fact, 
if the current is not limited by external re- 
sislance it roaches destructive values in a 
small fraction of a second. TTence gas-filled 
tubes must always be used in circuits with 
enough resistance to limit tlie current to safe 
values. (las-fi]l('d diodes are widely used for 
rectifiers where large currents are desired 
since the drop across the tube is low and con- 
sequently the efficiency is high. The usual 
hot cathode tube has a drop between 8 and 
15 volts. The mercury pool tube is a special 
type of gas-filled diode. The hot cathode 
tubes are often called f)hanotrons. 

If the grid is inserted between the cathode 
and anode of a gas-filled tube the effect is de- 
cidedly difierent from ilie vaeuum tube. At 
low grid voltages the tubi' beliave.s as a vac- 
uum tube, but as the grid voltage is raised, 
(he gas suddenly breaks into a discharge, the 
voltage (Iroj) falling to a low value and the 
current increasing to a high value. Thus a 
voltage on the grid can trigger a large current 
in the plate circuit. This grid-controlled, hot 
cathode, gas- filled tube i.s the thyrairon. The 
Ix’havior of the thyratron can be forecast from 
its gvid control characteristic curve, which 
shows the relation between the grid voltage 
and the anode voltage for breakdown of the 
gas. Thus for any given anode voltage the 
critical grid voltage to cause the tube to trig- 
ger may be obtained. Once that tube has 
broken dowm the grid no longer ha-j control. 
For the grid to regain control it is necessary 
for the plate voltage to fall below the tube 
drop value and remain below this long enough 
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for the gafl ions to recombine. This deioniza- 
tion time putt, a definite limit to the frequency 
with which the tube can be triggered and con- 
trolled. On a-c the anode voltage falls every 
cycle and if tlie cycle lasts long enough the 
tube will not start on the next positive half- 
cycle unless the grid voltage exceeds the criti- 
cal value. Thus while the control is not con- 
tinuous as it is in vacuum tubes, it is possible 
to control within one cycle, which is sufficient 
for many applications While it has limited 
use in communication work it is very valuable 
for industrial control where a minutij actuat- 
ing power may control, through the fhyralron, 
kilowatts of power in tlie jilate circuit. For 
many industrial ai)j)lications the triggering 
effect is exactly wdiat is desired, tin* operation 
being cf]uivalent to a swileh without .‘iny arc- 
ing contact'^, mechanical time lag etc By 
using special circuils, such as the phase shift 
control, various '-p(‘cial effi'cls mav he ob- 
tained with the thyratron Manv of these 
tubes have other grids for iiroducing the de- 
sired eharaet eristics. The ignitron is another 
type of eon1roll(‘d gas-filled tube The grid- 
glow tube is a cold cathode tube similar to the 
thyratron 

Besides the tubes discussod her(‘ the photo- 
tube is also an electron tube 

TUBE, ELECTRONBEAM. An electron 
tube, the performance of wlueli de[)(*Tuls uf)on 
the formation and control of one or more 

electron-beams. 

TUBE, ELECTRON-RAY. See tuning indi- 
cator; tube, indicator. 

TUBE, ELECTRON-WAVE. A mierowave 
tube which dopenels for its characteristics 
upon interaction of electrons, which are in a 
beam of initial ly-unifonn charge density, hut 
which have different indivielual average ve- 
locities, anel have siiperimposeel ujion their 
average velocities a sinusoidal fluctuation, to 
generate an “electron- wave.” The electron- 
wave is essentially a convection current that 
consists of a beam of uniform charge distri- 
bution upon wdiich is su})erimposcd a propa- 
gated sinusoidal fluctuation. When the elec- 
tron-wave is passed through a suitable out- 
put device, the kinetic energy of the electrons 
in the wave is converted to radio-frequency 
energy tliat is available at the output termi- 
nals. 


TUBE, GAS. See gas tube and tube, elec- 
tron. 

TUBE, GLOW-DISCHARGE, COLD-CATH- 
ODE. A gas tube that depends for its opera- 
tion on the })roperties of a glow discharge. 

TUBE, GRID CURRENT. See electrode 
current; grid emission, secondary; grid emis- 
sion, thermionic; gas current. 

TUBE, GRID-GLOW. A glow-discharge, 
eold-cathode tulx' (s(*c tube, glow-discharge, 
cold-cathode) with a grid or starter anode 
wliieh may he used to initiate anode current 
flow. Sometimes inferred to as a eold-eathode 
gas triode. 

TUBE, GROUNDED-GRID. A tube used in 
a grounded-gi’id amplifier. (Sec amplifier, 
grounded-grid ) 

TUBE, HEATED-CATHODE. See tube, 
hot cathode. 

TUBE, IIOT-GATHODE. An electron tube 
(see tube, electron) containing a hot cathode 
(S(‘e cathode, hot.) 

TUBE, HOT-CATHODE, HEATER-TYPE. 

A hot-eat)iode tiil)e enqiloving an^mdireetly- 
lieat('(l eathode (S(X‘ cathode, indirectly- 
heated; also healer.) 

TUBE, INDICATOR. An electron-beam 
tube (see tube, electron-beam) in whieh use- 
ful information is conveyed by the variation 
m eross section of tlie beam at a lummeseent 
target. Indicator tubes are sometimes used 
as tuning indicators. 

TUBE, INDUCTION-OUTPUT. A tube in 

wdiich the output electrode leceives its (‘nergy 
from the electron stream by induction rathei 
than collection. 

TUBE, IONIC-HEATED CATHODE. An 

electron tube (see tube, electron) containing 
a cathode heated by the bombardment of 
jiositive ions. 

TUBE, LIGHTHOUSE. A form of disk- 
sealed tube used as an UIIF oscillator and 
amplifier. (Sec tube, disk-sealed.) 

TUBE, LOCAL OSCILLATOR. An electron 
tube (s('e tube, electron) in a heterodyne con- 
version transducer to provide the local hetero- 
dyning frequenc}^ for a mixer tube. 

TUBE “MAGIC-EYE.” An indicator tube. 
(Sec tube, indicator; tuning devices.) 
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TUBE, MAGNETIC CRO. A cathode-ray 
tube with magnetic deflection and focusing. 

TUBE, MERCURY-VAPOR. A gas tube in 

which the active gas is mercury vapor. 

TUBE, MIXER. An electron tube (see tube, 
electron) that performs only tlu‘ frecpioncy- 
conversion function of a heterodyne conver- 
sion transducer w^hen it is supplied with volt- 
age or power from an cxtemal oscillator. 

TUBE, MULTIELECTRODE. An electron 
tube (see tube, electron) containing more 
than three electrodes associated with a single 
electron-stream. 

TUBE, MULTIPLE-UNIT. An cdectron tube 
(see tube, electron) containing within one en- 
velope two or more groups of electrodes asso- 
ciated with independent electron streams. A 
multiple-unit tuho may he so indicated; for 
example, duodiode, duotriodc, diode-pentod(‘, 
duodiode-triode, duodiodc-pentode, and tri- 
ode-pentode. 

TUBE, PENCIL. A type of disk-setd tube 
made in the >hai)e of a pencil, (See tubc\ 
disk-seal.) 

TUBE, PERVEANCE OF. See pcrvcance. 

TUBE, PICTURE. A cathode-ray tube usetl 
to ])t()duce an image 1)}' variation of the beam 
intensity as the beam scans a raster. (S(‘e 
also kinoscope.) 

TUBE, PHASITRON. Sec phasitron tube. 
TUBE, PIIOTOEl.ECTRIC. See phototube. 

TUBE, PLANAR-EI.ECTRODE. A tube in 

which the electrodes lie in parallel jdaries. 

TUBE, PLATE RESISTANCE OF. See plate 
resistance. 

TUBE, POWER-AMPLIFIER. A tube de- 
signed for the purpose of producing relalively 
large power output and power gain, (See 
amplifier, power.) 

TUBE, REMOTE CUT-OFF. See tube, vari- 
able-mu. 

TUBE, SHARP CUT-OFF. A tube which has 
a reasonably-constant amplification factor 
down to small values of plate current, as con- 
trasted to the remote cut-oflf tube. (See tube, 
remote cut-off.) 

TUBE, SQUIRREL-CAGE GRID. An early 
velocity-modulation tube whose grid resem- 
bled a squirrel cage. 


TUBE, SOFT. A tube which has not been 
comiiletcly evacuated, or a vacuum tube (see 
tube, vacuum) which lias lost part of its vac- 
uum due to gas released from the electrodes 
and envi‘lope. 

TUBE, SPACE-CHARGE. A tube in which 
space charge is ])rc.seiit 1o the extent that it 
^l^Tect^ the cliaiacteristic^ of the tube. 

TUBE, STATIC CHARACTERISTIC OF A. 

The families of oirves or grai)hs which rep- 
resent the steady ^tate voll -ampere charac- 
teristics of an election tube (see tube, elec- 
tron). 

TUBE, TETRODE. See tetrode. 

TUBE, THERMIONIC. An electron tube 
(s(‘c tube, electron) in wdiicl one of the elec- 
liodes i.s heat(d for the [uirpose of causing 
election or ion emission from that electrode. 

TUBE, tuVRATRON. S(‘e ihyratron. 

TUBE, TRANSCONDUCTANCE OR MU- 
TUAL CONDUCTANCE OF. See transcon- 
diictancc. 

TUBE, TRANSIT ANGLE OF. See transit 
angle. 

TUBE, TRANSIT TIME OF. Sei' transit 
lime. 

TUBE, TRAVELING-WAVE. A broad- 
band. ini(‘ro\\a\e tube which dcjiends for its 
cliara(‘terisii(s upon (l.e iiilernciion betw^een 
I he field (*f a w'ave jirojia^Mted alone a wave- 
guide and a beam of electrons traveling wdth 
the wnive In this tube, the electrons in the 
Ix'ain travel witli volouities slightly greatxT 
than tliat of the wuMve, and on Die average 
are slowed dowm by the field of the w'ave. 



Suhemritic diaprani of t)ie travelinK-wa\e ainplifioT 
fBy permission from “Microwave Theory and Tech- 
niques'^ by Reich et al , Copyright 1963. D. Van Nos- 
trand Co., Inr.) 
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The loss in kinetic energy of the electrons ap- 
pears as increa&('d energy conveyed by the 
field of the wave. The traveling-wave tube 
may, therefore, be used as an amplifier or as 
an oscillator. In addition to the type of tube 
shown here the magnetron may function as 
a traveling wave tube (See magnetron, 
traveling-wave.) 

TUBE, TRAVELING-WAVE, BACKWARD- 
WAVE. A traveling-wave tube in which the 
electrons travel in a direction opposite to that 
in which the wave is propagated. 

TUBE(S), TRAVELING-WAVE, CIRCUITS 
USED IN. In addition to the helix (tube, 
traveling-wave), other devices may be u^ed 
to provide the correct w^ave propagation char- 
acteristics. Among these arc: 



(a) Aperfured - d/sk waveguide circuit (Pierce) 



(b) Disk-loaded coaxial ! me ( Fierce) 



TUBE, TRAVELING-WAVE, MILLMAN. 

A traveling- w'ave tube which employs a wave- 
guide loaded by means of a transversely- 
slotted ridge for its interaction space. 

TUBE, TRIODE. See triode. 

TUBE, VACUUM. An electron tube (see 
tube, electron) evacuated to such a degree 
that its electrical characteristics are essen- 
tially unaffected by the presence of residual 
gas or vapor. 

TUBE, VARIABLE MU. An electron tube 
(see tube, electron) in wdiicli Hie amplifica- 
tion factor varu's in a [)iedGterunned way 
witli coiitiol-grid voltage To accomplish 
thi-^ the sfiaeing of the giid wires is not eoii- 
staiit but vanes regularly along the grid. The 
result is th it tlie mutual eoiidiictaiice ehar- 
acteristic of the tube ai)})roaches the grid- 
voltagi' axis very graduallv rather than 
abrujitly as m tubes of other tvjxs The fig- 
uie shows the eharaetensti(‘s of hotli eon\cn- 



tional and vaiiable mu tubes Sincf' the slope 
of tins cuna* is the mutual eonduetanei' of the 
tube, it will be apparent at once that the' 
mutual conduelanee of the variable mu tube 
may be varied over a wdile range by varying 
the operating bias of the tube This jmipcity 
IS utilized in all standard automatic volume 
control circuits, the gam of the tube being 
controlled by the bias voltage wdiich is ob- 
tained from the rectified carrier. (See tube, 
remote cut-off.) 

TUBE, VELOCITY VARIATION. A veloc- 
ity-modulation tube. 


(e) A circuit consisting of a ndged waveguide 
with transverse slots or resonators m the ndge (Field) 

Some slow wa\ p ciicuits foi use in tKi\ ehng-wave 
tubes (By permission from “Tiaveling-Wav^p Tubes” 
By Pierce, Cop^ixght 1950, D Van Nostrand Co, 
Inc., and ‘‘Some H ow-Wave Stmetures for Travel- 
ing-Wa^''" Tubes' by Field, Proc 1JI£. 37, 34-40 
(1949) 


TUBE, VOLTAGE-AMPLIFIER. A tube de- 
signed to produce voltage gains associated 
with comparatively little available output 
power. 

TUBE VOLTAGE DROP. The anode volt- 
age during the conducting period. 





Tube, Voltage Gain — Tunnel Experiment 




TUBE, VOLTAGE GAIN. See amplifica- 
tion, voltage (transducer); amplifier. 

TUBE, VOLTAGE REGULATOR. See reg- 
ulator tube. 

TUNABLE DIAPHRAGM. A microphone 
receiver with a resonant frequency alterable 
over a considerable range. The alteration is 
obtained by varying the air pressure in the 
microphone chamber, thus altering the ten- 
sion in the diaphragm. 

TUNED-GRID OSCILLATOR. See oscil- 
lator, tuned-grid. 

TUNED-GRID, TUNED-PLATE OSCIL- 
LATOR. See oscillator, tuned-grid, tuned- 
plate. 

TUNED-PLATE OSCILLATOR. See oscil- 
lator, tuned-plate. 

TUNED RADIO FREQUENCY. A type of 
ain])lifier circuit which uses resonant circuits 
in the grid and/or plate circuits. As com- 
monly used it denotes a type of receiver 
other than a superheterodyne which has one 
or more such stages prt ceding the detector, 
the conden-'cr or niductance of the resonant 
circuit lieing varied to select the particular 
station desired. (See also receiver.) 

TUNER, E-H. See E-H tuner. 

TUNER, SLUG. See slug tuner. 

TUNER, WAVEGUIDE. Sec waveguide 
tuner. 

TUNGAR RECTIFIER. Trade name for a 
tube similar to a rectigon. 

TUNING, DOUBLE-SPOT. The reception 
of a given station by a superheterodyne re- 
ceiver at two diflerent dial settings corre- 
sponding to two local oscillator-frequencies. 
One setting corresponds to the sum of the 
given frequency and the local oscillator, while 
the other reception point is due to the dif- 
ference frequency. 

TUNING FORK. A convenient device for 
preserving a comparatively pure harmonic vi- 
bration frequency at nearly constant value. 
It is a U-shaped bar of elastic material, usu- 
ally steel (but in some modem forks, of fused 
quartz), the prongs of which vibrate alter- 
nately toward and away from each other with 
two nodes near the bend of the U. The fork 


may be set vibrating by striking one prong 
with a mallet, and will, after a moment to 
allow some high overtones to die out, emit a 
nearly pure musical tone. Large forks are 
often made to be driven electrically, like an 
electric bell or buzzer, and will then vibrate 
continuously for an indefinite time. Tuning 
forks are used in many experiments on musi- 
cal sounds, as standards of pitch and also for 
the control of electric oscillations and electric 
tuning devices. 

TUNING INDICAfOR. In radio circuits 
with automatic gain control the outjmt is 
held constant for an appreciable amount of 
mistuning of the circuits. Thus the loudness 
of the output is not a satisfactory indication 
of when the set is correctly tuned. To remedy 
this various types of tuning indicators are 
used. These respond to the carrier amplitude 
and heiyje are not affected by the age For- 
merly various instruments were used for this 
purpose, but now instruments are used only 
in communications receivers while ordinary 
home receivers use a special vacuum tube. 
This tul)e, often called a magic eye, has a wil- 
lemite-coated cone-shaped plate upon which 
the electrons impinge, causing the coating to 
fluoresce. By connecting the grid so the car- 
rier magnitude can control the number or pat- 
tern of the electrons hitting this coating, it 
can be used to indicate relative carrier 
strength. In any tuning, the correct setting 
for a given station is that which makes the 
carrier amplitude maximum 

TUNING PROBE. An essentially lossless 
probe of adjustable penetration extending 
througli the wall of the waveguide, cavity 
resonator or slotted coaxial line. 

TUNING SCREW. A porew inserted into the 
top or bottom of a waveguide (parallel to tlie 
E-ficld) to develop susceptance, the magni- 
tude and .‘sign of which is controlled by the 
depth of penetration of the screw. One screw, 
variable in position along the guide, or two 
or three fixed-position screws, are required in 
most matching or tuning situations. Screw 
tuning is analogous to stub-tuning in coaxial 
systems 

TUNGSTEN (WOLFRAM). Metallic ele- 
ment. Symbol W. Atomic number 74. 

TUNNEL EXPERIMENT (VELOCITY OF 
LIGHT). See Michelson rotating mirror. 
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TUNNELING. Sec penetration probability. 

TURBIDIMETER. An instrument which 
measures the reduction in transmission of 
light that is caused by interposing a solution 
containing solid particles between the light 
source and the eye. By using a known vol- 
ume of solution in comj)arison wuth a stand- 
ard, this instrument makes it j^os&ible to de- 
termine the mass effect, attributable to the 
number and size of the particles in the solu- 
tion, and thus the quantitative amount of ma- 
terial present. 

TURBIDIMETRY. The methods of analysis 
and measurement made by means of the tur- 
bidimeter. 

TURBIDITY. The cloudiness in a liquid 
caused by the presence of finely-divided, sus- 
pended material. 

TURBULENCE. An irregular eddying mo- 
tion cliaracteristic of fluid motion at high 
Reynolds numbers. The irregular eddying 
acts to transport fluid in bulk from one part 
of the flow to another, and is consequently an 
extremely effective agent for the transport of 
momentum, heat and matter. 

TURN-OVER. See voltmeter, electronic, 
peak-reading. 

TURNSTILE ANTENNA. See antenna, turn- 
stile. 

TURNTABLE RUMBLE. Low-frequency 
vibration mcclianieally transmitted to the re- 
cording or rejiroducing turntable and super- 
imposed on the rciu’oduction. 

TURNTABLE WOW, Sec wow. 

TWEETER. A higli-frequcncy loudspeaker 
used in high fidelity a})paratus, often in con- 
junction with a cross-over network and a 
woofer. 

TWIN, ANNEALING. A structure occurring 
in several face-centered cubic metals after re- 
crystallization. The (111) planes go in the 
sequence CBACBA-" instead of ABC ABC 
• • • as in the rest of the crystal. (See close 
packed structure ) 

TWIN BOUNDARY DIFFUSION. A source 
of internal friction in solids due to the dis- 


placement of the boundary between twinned 
crystallites. 

TWiN CRYSTALS. Those crystals in which 
one or more parts regularly arranged are in 
revt'rse position with reference to the other 
part or parts. They often appear externally 
to consist of two or more crystals symmetri- 
cally united, and sometimes have the form of 
a cross or star. 

TWIN LINE. Colloquialism for a parallel- 
wire transmission line. 

TWIN LEAD. See twin line. 

TWINNING. (1) A process in which a re- 
gion in a crystal assumes an orientation which 
IS symmetrically related to the basic orienta- 
tion of the crystal. Usually, layers of atoms 
within this region are translated with respect 
to a basic plane (the twinning plane). Each 
atomic plane is displaced by a distance which 
is proportional to its distam^e from the tv\ in- 
ning [)lane. Bands of metal (twin bands) 
thus assume a lattice structure which is the 
mirror image of the unchanged portion of the 
lattice. (2) A fault condition in a teh'vision 
system with interlace, wluTcby tlu' line's in 
alternate fields arc not eciually sjiaced, but 
tend to fall on top of one another, causing a 
loss of definition. (Also called line pairing.) 

TWO-BODY FORCE. Type of interaction 
between two particles which is unmodified by 
the jin'sence of other particles, eg., Couloml) 
force between an electron and a proton. 
(Comj)are many-body force.) 

TWO-BODY PROBLEM. The so-called two- 
body problem is the foundation of celestial 
mechanics. The solution of the problem re- 
quires two fundamental assumptions: (1) 
that two and only two olijects exist in the uni- 
verse, and (2) that some law of force between 
the tw^o objects is given. With these assump- 
tions admitted, the two-body problem may 
briefly be stated as follows: given the relative 
positions of two objects at any instant, to- 
gether with their motions and masses at that 
instant, to predict the positions and motions 
of the objects at any subsequent instant. 

TWO-FLUID MANOMETER. See manom- 
eter, two-fluid. 
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TWO-POSmON ACTION. That action in 
which a final control element is moved from 
one of two fixed positions in an autoi^atic 
controller to the other. 

TWO-SOURCE frequency KEYING. 
See keying, two-source frequency. 

TWO-TONE KEYING. Sec keying, two-tone. 

TWYMAN- GREEN INTERFEROMETER. 
An interferometer in which the initial parallel 
hcMin is divided by a half-silvcrized mirror, 
one-half reflected through a lens to an observ- 
ing pinhole, while the other half is passed 


twice through a prism, lens, or block of glass 
before being reflected to the same pinhole. 
Used for testing tlie quality of optical ma- 
terials and the flatness of surfaces. 

TYNDALL EFFECT. A j)henomcnon first 
noticed by Faraday (1S57). When a power- 
ful beam of liglit is sent through a colloidal 
solution of high dispersity, the sol app(*ars 
fluorescent and the light is polarized, the 
amount of polarization dc])en(hng upon the 
size of the particles of the colloid. The polar- 
ization is compUic, if the particles are much 
smaller, than the wavelength of the radiation. 
(See also scattering.) 





U. (1) Unit (u), (2) Overall coefficient of 

heat transfer (C7). (3) Density of radiant 

energy (u). (4) Total internal energy (t/), 

internal energy per atom or molecule (u or 
Um)y internal energy per unit mass (i^), in- 
ternal energy per mole (17^, U, or v). (5) 

Potential energy (U). (6) Radiant energy 

(U), spectral radiant energy (Ux), radiant 
energy density (u). (7) Reaction velocity 

{u). (8) Velocity (u), velocity, linear or 

particle (u), velocity at time t (u or U/), ve- 
locity, average (u„y or u), velocity, group 
(Uj[, or u), velocity components (uj,.Uy, u.), 
velocity initial (uo), velocity, phase or wave 
(umj or u^). (9) Time-independent wave func- 
tion (w). (10) Uranium (U). (11) Angle of 
slope (object space) (u). (12) Angle of slope 
(image space) (?/). (13) In spectroscopy, 

unsymmetrical (u), 

U-CENTER. See color center. 

U-PROCESS. See umklapp process. 

UEHLING TERMS. Contribution to the in- 
teraction of two particles arising from vacuum 
polarization. 

UHF. Abbreviation for ultra high frequency. 

ULBRICHT SPHERE. An integrating sphere 
used in a sphere photometer, so-called be- 
cause Ulbricht first used the Sumptner prin- 
ciple for this purpose. 

ULTRACENTRIFUGE. A centrifuge that 
is ofieratcd at extremely high speed and is 
wddely used in research in colloid chemistry 
and biochemistry. 

ULTRAFILTRATION. The separation, by 
a special method of filtration, of highly dis- 
persed substances in colloidal solutions, from 
the dispersion medium. Ultrafilters differ 
from ordinary filters only in the fineness of 
the pores through which the liquid must pass. 
By using a series of filters of graduated fine- 
ness it is possible to prepare a series of sols 
in which the sizee of the disperse phase par- 
ticles progressively decrease. 


ULTRAHIGH FREQUENCY. The band of 

frequencies between 300 and 3000 megacycles. 

ULTRAMICROSCOPE. The ultramicro- 
scope is not an instrument of extraordinary 
magnifying power, as its name might suggest. 
The term has reference rather to a special 
system of illumination for very minute ob- 
jects. Such objects as colloidal particles, fog 
drops, or smoke particles are held in liquid or 
gaseous suspension in an enclosure with an 
intensely black background (usually of the 
black-body type). They arc illuminated by 
a convergent pencil of very bright light enter- 
ing from one side and coming to focus in the 
fi(‘ld of view— 'the so-called ‘‘Tyndall conc^^ 
familiar m experiments on scattering. With 
this arrangement, objects too small to form 
visible images in the microsco[)e produce small 
diffraction ring system^?, which appear as 
minute bright specks on a dark field. The 
device is used m studying the Brownian move- 
ment, ifi the Millikan dro])leb method of meas- 
uring the electronic charge, in observing ion- 
ization tracks in the cloud chamber, etc. 

ULTRAPHOTIC RAYS. Rays beyond the 
visible region of the spectrum. This term is 
used as a general expression for ultraviolet 
and infrared rays. 

ULTRASONIC. A modifier indicating a de- 
vice or system intended to operate at ultra- 
sonic frequencies. 

ULTRASONIC CAVITATION. See cavita- 
tion. 

ULTRASONIC COAGULATION. The bond- 
ing of small particles into larger aggregates 
by the action of ultrasonic waves. 

ULTRASONIC CROSS GRATING (GRAT- 
ING). A space grating resulting from the 
crossing of beams of ultrasonic waves having 
different directions of propagation. This may 
be two- or three-dimensional. (See also ul- 
trasonic space grating.) 
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ULTRASONIC DELAY LINE (ULTRA- 
SONIC STORAGE CELL). A contained me- 
dium (usually a liquid, e.g., mercury) in which 
use is made of the propagation time of sound 
to obtain a time delay of an ultrasonic signal. 

ULTRASONIC DETECTOR. A device for 
the detection and measurement of ultrasonic 
waves. Such devices may be mechanical, 
electrical, thermal, or optical in nature. 

ULTRASONIC DETERGENT ACTION. 

The cleaning effect exhibited by the subjec- 
tion of clothes, mixed with conventional soap 
and water solutions, to high inteiibity ultra- 
sonic radiation. 

ULTRASONIC FREQUENCY. A frequency 
lying above the audio frequency range The 
term is commonly applied to elastic waves 
j)roj)agated in gases, liquids, or solids. 

ULTRASONIC GENERATOR. A device for 
the production of sound w\avcs of ultrasonic 
frequency. 

ULTRASONIC GRATING CONSTANT. 

The distance between diffracting centers of 
an ultrasonic wave which is producing par- 
ticular light diffraction spectra. (See also 

ultrasonic space grating.) 

ULTRASONIC LIGHT DIFFRACTION. 

T1 le formation of optical diffraction spectra 
\Uien a beam of light is passed through a 
longitudinal ultrasonic wave field. The dif- 
fraction results from the periodic variation 
of the light refraction in the sound h-dd. 

ULTRASONIC MATERIAL DISPERSION. 

The production of suspensions or emulsions of 
one material in another due to the action of 
higli-intensity ultrasonic waves 

ULTRASONIC MATERIAL TESTING. The 

Use of ultrasonic echo or transini'^sion otviees 
for the detection of flaws, such as hollows or 
cracks, in optically opaque media 

ULTRASONIC SPACE GRATING (GRAT- 
ING). A periodic spatial variation of the 
index of refraction caused by the jircscnce of 
acoustic wa'^’es within the medium. 

ULTRASONIC STORAGE CELL. See ultra- 
sonic delay line. 

ULTRASONIC STROBOSCOPE. A light in- 
terrupter whose action is based on the mod- 
ulation of a light beam by an ultrasonic field. 


ULTRASONIC THERMAL ACTION. The 

temperature rise in the ultrasonic field in a 
liquid because of the dissipation of the sound 
by absorption. 

ULTRASONIC WAVES. Elastic waves, the 
frequency of which is above the audible range 
(i.c., above about 15 kilocycles). 

ULTRASONICS. The general subject of 
acoustic phenomena in the frequency range 
above the audible frc(iuency range, i.e., above 
about 15 kilocycles. At one lime, this sub- 
ject wa'j known as supersoiiics, but such usage 
is now (leprecaU'd. 

ULTRAVIOLET RADIATION. A range of 
radiation of frequencies next higher than 
those of tlie visible violet. If light from an 
open arc is passed througl} a quartz prism and 
allowed lo fall on a while wall, the familiar 
continuous spectrum appears, ranging from 
tlie extreme red to Ihe extreme violet. But if 
we substitute for the white wall a suitable 
fluorescent screen, the spectrum is seen to ex- 
tend considerably beyond the violet, that is, 
into the region of shorter wavelengths known 
as ultraviolet. This spectnil region has been 
ob.servcd over more than three ^^octaves" of 
the radiation frequency scale, roughly, from 
lOOO A (angstroms) at the extremity of the 
violet to below 400 A on the border of the 
x-ray region. Tlie ultraviolet range has pro- 
nounced photograiflilc and ionizing effects, 
and .so is easily detected. The chief hindrance 
to its study is its rapid absorption in most 
foiins 0 ^ matter; even air is a serious obstacle 
to the shorter ultraviolet waves. Therefore, 
sunlight reaching the earth contains little 
radiation below 3000 A It is therefore neces- 
sary to turn to artificial sources, chief among 
which arc solid-clcctrode arcs and, especially, 
tlie mercury arc. Since cpiartz and fluoiitc 
are much more transjiarent to ultraviolet than 
is glas-s, it is necessary (hat plates, lenses, and 
prisms for this region be made of these ma- 
terials Silver is a much poorer reflector of 
ultraviolet rays tlian certain alloys, so that 
mirrors and reflection gratings are made of 
the latter. Schumann developed the tech- 
nique of spectroscopy in the far ultraviolet 
(the “Schumann region’') and prepared plates 
especially adapted to its photography; so that 
now with the vacuum spectrograph and Schu- 
mann plates, the ultraviolet spectra of sub- 
stances are studied almost as thoroughly ae 
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the visible. The region from the extremity 
of the visible violet down to 2000 A is some- 
times called the ‘^near” ultraviolet, and that 
from 2000 A down to the border of the x-ray 
region (below 400 A), the *‘far’^ ultraviolet. 

UMBRA. See penumbra. 

UMKLAPP PROCESS, From the German, 
meaning “flop over process.” A type of col- 
lision between phonoas, or between phonons 
and electrons, where crystal momentum is not 
conserved. This violates no principles, be- 
cause crystal momentum, or the wavQ-vector, 
is arl)itrary up to the addition of any mul- 
tilde of a vector of the reciprocal lattice. 
U-processes provide the major part of thennal 
resistance in dieleciric solids, and are impor- 
tant in electrical conduction in metals. 

UNAVAILABLE ENERGY. When an irre- 
versible process takes ])lace, I he effect* on the 
universe is the same us that which would be 
produced if a certain quantity of energy in 
a form comjiletely available for work were 
converted to a form in wdiich it \vas com- 
pletely unavailable for w'ork This amount of 
energy is called the unavailable energy. 

UNCERTAINTY. (fcneral teim for the esti- 
mated amount by which the observed or cal- 
culated value of a (plant ity may defiart from 
t}\e “tme” value. The uncertainty is often 
expressed as the average deviation, the prob- 
able error, or the standard deviation, 

UNCERTAINTY PRINCIPLE. See indeter- 
minancy principle. 

UNCONDITIONAL TRANSFER (OF CON- 
TROL). In a digital computer w hich obtains 
its instructions serially from an ordered se- 
quence of addresses, an instruction which 
causes the following instniction to be taken 
from an address which becomes the first of 
a new vsequence. 

UNCOUPLING PHENOMENA. Many in- 
btaiices of deviations of observed spectra from 
those predicted have tlieir origin in the fact 
that interactions which were neglected or re- 
garded as small in the idealized coupling 
cases really have an appreciable magnitude, 
and jiarticularly that the n'lative magnitude 
of the interactio >s changes with increa^^ing 
rotation. Thercior.*, sometimes, wdth increas- 
ing rotation^ a transition takes place from 
one coupling case to another. Angular mo- 


mentum vectors coupled to the internuclear 
axis for small rotation are uncoupled from it 
whh increasing rotation. For detailed dis- 
cussion, see Herzberg, Spectra of Diatomic 
MoleruleSy Second Edition (Van Nostrand, 
New York, 1950). 

UNDERCOOUNG (SUPERCOOLING). 

The phenomenon w^hich occurs when a sub- 
stance is cooled without change of state below 
the temperature at which its state of aggrega- 
tion normally changes. The system is then in 
a metastable condition, and a small di‘>tiirh- 
ance often wull cause the change in state to 
take place with evolution of heat and a tem- 
perature rise in the system to the normal tem- 
perature of the change. 

UNDERWATER SOUND PROJECTOR. A 
transducer used to produce sound in w’a^er 

UNIAXIAL. Characteristic of or hy a single 
axis, as an object which has only one axis, or 
a flow' of energy that travels only along one 
axis of a crystal or other me'dium. 

UNIAXIAL CRYSTAL. A hirefrin^^ent crys- 
tal willi a single axis along which there is no 

double-refraction. 

UNICONDUCTOR WAVEGUIDE. Sec* 
waveguide, unieonductor. 

UNIDIRECTIONAL ANTENNA. See an- 
tenna, unidirectional. 

UNIDIRECTIONAL PULSE. See pulse, 
unidirectional. 

UNIDIRECTIONAL PULSE TRAIN. See 
pulse train, unidirectional. 

UNIFIED FIELD THEORIES. See field 
theories, unified. 

UNIFORM. See analytic. 

UNIFORM MOTION IN A CIRCLE. In 

order that a particle of mass vi be main- 
tained in motion with constant angular veloc- 
ity » and at constant radius r from a fixed 
c(*ntcr, it is necessary that a centripetal force 
he acting. I'his force is 

f *= vm X <0 X r, 

wdiere r is the instantaneous radius vector 
from the center to the particle. (See triple 
vector product.) This force is always di- 
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rected toward the center, and has a magni- 
tude 

/ = = mv^lr, 

where v is the linear speed of the particle. 
The particle must be continually accelerated 
inward with an acceleration of magnitude 
<u“r, because the velocity is changing in di- 
rection, even though it is constant in magni- 
tude. 

UNIFORM PLANE, WAVE. See wave, uni- 
form plane. 

UNIFORM WAVEGUIDE. See waveguide, 
uniform. 

UNILATERAL TRANSDUCER. See trans- 
ducer, unilateral. 

UNIMOLECULAR LAYER. T.ayers having 
the thickness of a single molecule, ‘^uch as 
tho'^e of fatty acids and oils upon water used 
in the study of surface tension idiciioincna 
and other j^roperties of surface films. 

UNIPOTENTIAL CATHODE. See cquipo- 
tential cathode. 

UNIT. (1) A single entity, as one element 
of a])])aratus in an industrial plant (2) A 
standard of measurement as a unit of length, 
capacity, electromotive force, radiation in- 
tensity, etc. 

UNIT, ABSOLUTE. An absolute unit (2) is 
one tliat may be defined in terms of the fun- 
damental units (cf. unit, fundamental) of a 
system of units, without recourse t<' the iii- 
troduetion of other arbitrary slandaids. Ab- 
solute units are distinguished from gravita- 
tional units in mechanics and from the old 
International units in electricity 

UNIT AREA ACOUSTIC IMPEDANCE. 
Sec impedance, specific acoustic. 

UNIT CELL. The basic unit of a crystal 
structure, being the minimum volume from 
which the crystal may be constructed by 

translation operations only. 

UNIT, CONCRETE. A unit applied to or 
associated with a particular magnitude, as 
one gram. 

UNIT, DERIVED. A nonfundamental unit 
which, however, may be expressed in terms 
of fundamental units. For example, area, 
volume, density, etc. 


UNIT ELEMENT. A necessary member of 
every group. If the unit element is desig- 
nated by E and if A is any other element of 
the group, then EA = AE = A. 

UNIT, FUNDAMENTAL. Any one of the 
basic set of arbitrarily d(*fined units (2) on 
which a .system of units is based. All otlier 
units of the system may be derived from the 
set of fundamental units, and every ])hy.sieal 
(plant ity expn\ssed in tlie sy.stem has dimen- 
sions that may be expressed as comlunations 
of the fundamental units. For the sets of 
fundamental units in common use, see In- 
troduction. 

UNIT, M.K.S. A unit in the modification of 
the nu'tric system which hr.s as its fundamen- 
tal units tile meter, kilogram and second. (S(‘e 

Introduction.) 

UNIT, METRIC. See metric system; also 
Introduction. 

UNIT PLANES. Another name for principal 
planes of a lens or optical system. 

UNITS OF LENGTH. OPTICAL. Sec Sieg- 
bahn unit — 10 cm, Angstrom unit = 
10 ^ cm, millimicron - 10 cm, micron --- 
10”^ cm. 

UNITS, SYSTEM OF. A set of definilions of 
standard physical (piantitics, in terms of 
which similar cpiantities may be measured 
or expressed, eacli quantity being specified in 
terms vif some arbitrary standard or by a 
defining ecjuation, and all of the definitions 
being mutually consistent. 

UNIVARIANT SYSTEM. According to the 
phase rule, a systenn which has but one degree 
of freedom, c.g., the system liquid watrr:^=± 
wat(T vayior. 

UNIVERSAL FERMI INTERACTION. In- 

t'Taetion lietwoen four fermiom such as 

N + V P + c 

P -h m"” V 4" 

n c + V V 

wdiieh processes seem to be described by the 
same coupling constant g ^ 2 X erg 

cm^. 
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UNIVERSE, DE SITTER. See de Sitter uni- 
verse. 

UNIVERSE, EINSTEIN. See Einstein uni- 
verse. 

UNIVERSE, EXPANDING. See expanding 
universe. 

UNPOLARIZED LIGHT. While each pho- 
ton lb yiolarizecl, a finite beam of light consistvS 
m general of many photons with their planes 
of \ibration oriented at random about the 
axis of the beam. Hence, an ordinav>" beam 
of light does not show any of the properties 
of polarized light. 

UNSTABLE EQUILIBRIUM. See equilib- 
rium, unstable; stability, mechanical. 

UNSTABLE EQUILIBRIUM OF FLOAT- 
ING BODY. A floating body is in fmstable 
equilibrium if the metacenter is below the 

center of gravity. 

URANIUM. Metallic element. Symbol U. 
Atomic number 02 

URANIUM, ALPHA. The allotropic modifi- 
cation of uranium metal which is stable below 


approximately 660°C. It has an orthorhom- 
bic crystal structure. 

URANIUM, BETA. That allotropic modifi- 
cation of uranium metal which is stable be- 
tween approximately 660°C and 770°C. The 
structure has been determined to be ortho- 
rhombic. 

URANIUM, GAMMA. That allotropic modi- 
fication of uranium metal which is stable 
above approximately 770°C. It has a body- 
centered cubic fetniciure 

USEFUL MAGNIFICATION. Discussed 
under empty magnification. 

UTILIZATION FACTOR. When a trans- 
former IS used to sufiply a rectifier system the 
current ^\ave forms are normally irregularly 
shaped and hence the losses are different than 
would be expected at first glance, the trans- 
former running hotter for a given current than 
if it were supplying a resistance load The 
ratio of the d-c power output to the normal 
a-c rating for the same heating losses is the 
utilization factor of the transformer 

UVIOL GLASS. A glabs de\^lopcd by 
Schott, wliich is highly transparent to the 

ultraviolet. 
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V. (1) Volume (v or V), volume, molecular 
(V), volume of a cavity or room (V), volume 
of configuration space (V), volume, total (T), 
volume, specific (v), volume per unit inass 
(t’j, volume of atom or molecule (v or v„,)f 
volume per mole (n, Vm or V), volume, critical 
(Vo), atomic volume (F). (2) Velocity (v), 

velocity, linear or partial (v), velocity at 
time t (v or vt), velocity, average (v^t or v), 
velocity, group (v^ or v), velocity components 
(vjr, Vy, V*), velocity initial (vo), velocity of 
sound or other waves (v). (3) Vanadium 

(V). (4) Potential, electric (F), potential 

difference, steady a-c (T^, potential differ- 
ence, rms or effective (F), potential diffcr- 
en(*c, average (F or Vav), potential difference, 
Peltier (F^r), potential differenee, Secheek 
(FJ, potential differenee, Thomson (F,), po- 
tential difference, average (Fa,,), potential 
difference, contact or Volta (F, ), potential 
difference, excitation (]\) , potential (liffer- 
eiice, maximum or potential <lif- 

fcTonce (T\ Vj, or T’;.;) (4) Triner potential 

of metals (F or \^). (5) Ionization potential 

(F or F,). (()) Potimtial energy (F or U or 

Ej,). (7) Vibrational quantum number (?•). 

(S) Verdet constant, specific magnetic rota- 
tion (F). 

V ANTENNA. Sec antenna, V. 

Vi CENTER. Sec color center. 

VACANCY. A site in the crystal lattice of 
an ionic crystal from which the itir which 
should be present is missing. 

•TACUSTAAT.” A form of McLeod gauge 
(see gauge, McLeod) useful in the range 
10-10 ram Hg. 

VACUUM. Theoretically a space devoid of 
matter; practically a region of space in which 
the atmospheric pressure has been reduced as 
much as possible with present pumping sys- 
tems, or as much as is necessaiy to prevent 
influence of the atmosphere on processes be- 
ing carried on within the space. 


VACUUM CUTOFF, HIGH. A device 
which permits the apparatus being exhausted 
to he temporarily disconnected from the 
pump. 

VACUUM ELECTRON. In the Dirac elec- 
tron theory, an electron in one of the negative 
energy states which arc supposed to be all 
filled for the case of a vacuum. 

VACUUM LEAK DETFCTORS. Devices, 
operating on several principles, which are 
us(‘d to detect and locate leaks in high-vacuuin 
syMem-i One of the most sensitive leak de- 
tectors is a mass spectrometer which can de- 
tect as little as one part of lielium (introduced 
at tlie leak) in 4 X 10*^ parts of air at an 
operating pressure of 3 X 10' mm Ilg. A 
more commonly u.sed leak detect (»r for glass 
vaeuiim systenis is a Tesla coil, one terminal 
of which is moved over the surface of the 
glass. A visible discharge through the glass 
often appears at the leak. 

VACUUM METER, PHILIPS. A form of 
ga^-discharge gauge in wliich a magnetic field 
logether with good geometry of the elcetrodcR 
increases the ionization by a large factor, en- 
abling the discharge to be self-maintained at 
a much lower pressure than w^ould otherwise 
be possible. 

VACUUM POLARIZATION. Process by 
wdiich an electromagnetic field generates vir- 
tual electron-positron pairs which modify the 
cliargo and current distribution which ]>ro- 
duced the original electromagnetic field. The 
effect lifts the 2Su, state of hydrogen by 27 
mcgacvcles, and, for example, the 3D state 
of a Ph’fjL mesonic atom by approximately 
02f)0 elect ron-volts. 

VACUUM PUMP. Sec pump, vacuum. 

VACUUM RESERVOIR. A large vessel in- 
serted between the fore pump and high vac- 
uum pump in a vacuum pump system. When 
evacuated to the fore vacuum it may be sealed 
off fiom the fore pump, thus permitting the 
fore pump to be turned off. 
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VACUUM SPECTROGRAPH. See spectro- 
graph, vacuum. 

VACUUM THERMOCOUPLE. (1) A de- 
vice for measuring very feeble electric cur- 
rents, either alternating or direct, by means 
of their heating efTcct. The current to be 
measured is passed through a short, very fine 
platinum wire enclosed m a small, evacuated 
glass bulb. In good thermal contact with 
the center of this wire is placed one junction 
of a small thermocouple composed of plati- 
num platinum-rhodiurn wires for other 
metals), the other junction being kepfc at the 
constant temperature for 'which the instru- 
ment has been calibrated. When the un- 
known current is turned on, it heats the fine 
platinum wure slightly, and sots up a cliange 
of electromotive force in the cou])le which 
boars a definite relation to the heating cur- 
rent, as determined by calibration wdth known 
currents This voltage change mav, if neces- 
sary, be amplified by a d-c amplifier in or- 
der to make it measurable. The glass Indb 
containing the thermocouple must bo housed 
in a heat-insulating, opaciue box or case to 
prevent boat from reaching the couplo by 
either radiation or conduction, and tlior- 
oughly evacuated to avoid convection ( 2 ) 
An arrangement similar to that describ(*d 
above, but without a heating clement, used 
for tlie mea'^urement of ladiation The junc- 
tion is attaclunl to a receiver, on which the 
radiation falls and which is heated bv it 
Very often two junctions and tw^o receivers 
are included in the evacuated envelope, the 
second acting as a compensating device for 
the first, on wduch the radiation falls. Dis- 
turbances due to changes in ambient tem- 
perature are thus largely eliminated 

VACUUM TUBE. See tube, vacuum. 

VACUUM-TUBE AMPLIFIER. See ampli- 
fier, vacuum-tube. 

VACUUM - TUBE TRANSMITTER. Sec 
transmitter, vacuum-tube. 

VACUUM-TUBE VOLTMETER. See volt- 
meter, vacuum-tube. 

VALENCE. The property of an atom or 
radical to combi' c with other atoms or rad- 
icals in definite pi* portions, or a number rep- 
resenting ihe proportion in which a given atom 
or radical combines. The standard of refer- 


ence is hydrogen, which is assigned a valence 
of 1, and the valence of any given atom or 
radical is then the number of hydrogen atoms, 
or their equivalent, with wdiich the given atom 
or radical combines Many elements have 
more than one valence, and their compounds 
are classified and designated accordingly. 

VALENCE, ACTIVE. The valence which an 
element exhibits m any particular compound, 
eg , the active valence of iron in the ferrous 
salts IS tw^o. 

VALENCE ANGLES. Angles between the 
successive valence bonds of an atom. 

VALENCE, ANOMALOUS. An exceptional 
valence that an element has in certain com- 
pounds. 

VALENCE BAND. The range of energy 
states in the spectrum of a solid crystal in 
wduch he the energies of the valence electrons 
which bind tlie crystal together. In an in- 
sulating 01 s(‘imconducting material, the band 
lielow' the conduction band. Instead of the 
valence elcelrons being thought of as localized 
in bonds, they arc supiiosed to l)e sf^read into 
a filled band. 

VALENCE, CO-. St e covalence. 

VALENCE CRYSTAL. A ciystal bound 
together by covalent bonds. 

VALENCE, DATIVE. A covalence in which 
one of the tw’o atoms joined by the valence 
bond fuimshcs both of the shared electrons 

VALENCE, ELECTRO-. A valence that is 
due to the transter of an electron or electrons 
from one atom to another. 

VALENCE ELECTRON. An electron in the 
outer shell of an atom. Such electrons are 
called valence electrons because, by gaining, 
losing, or sharing those outer-shell electrons, 
atoms combine to fonn molecules Therefore, 
the number of those outer-shell electrons often 
determines the valence or valences of the 
atom. (See atomic structure.) 

VALENCE FORCE FIELD. An assumed 
force field utilized in order to solve the equa- 
tion in wduch the potential energy of vibration 
of a polyatomic molecule is expressed in tenns 
of the energies of the restoring forces of each 
atom and the energies of their interaction 
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terms. This simplifying assumption is that 
a force constant is associated with every 
valence bond and every valence angle, repre- 
senting their resistance to change in length 
or magnitude. 

VALENCE, FREE. A valence that does not 
appear to be satisfied, as the valence of a 

free radical. 

VALENCE, MAXIMUM. The highest va- 
lence shown by an element in an}’’ of its com- 
pounds. With chromium it is six; potassium, 
one; nitrogen, five; etc. 

VALENCE, NEGATIVE. An clectro-valence 

possessed by an atom because it has become 
ionized by addition of an electron or electrons. 

V'VLENCE, NORMAL. The vahuice that an 
element exhibits in a majority of its com- 
pounds. 

VALENCE, NULL. According to the (‘lec- 
tronic conception of valence, a condition in 
whicli an element has no valence because, in 
its normal state, it has a complete outer elec- 
tronic shell, as m the ease of the inert gases 
of the atmosjihore and radon. 

VALENCE NUMBER. A nuinlxT assigned 
to an atom or ion that is e(iual to valence, 
jircceded by a plus or minus sign to indicate 
whether the ion is jiositive or negative, or 
\\ hoi her the atom, in reaching the .state of 
oxidation under considoraiion, has lost or 
gained electrons from its normal stati*. The 
basis of this computation of posi'ivc and 
negative numbers is the assignment 'o hydro- 
gen ions or combined atoms (except in metal- 
lic hydrites) of a value of +1. The otlier 
elements are then assigned valence numbers 
such that in any stable molecule the sum of 
the valence numbers is zero. 

VALENCE, POSITIVE. A valence state of 
an atom in which the valence number is posi- 
tive. 

VALENCE SHELL. The group of electrons 
constituting the outer electronic shell of an 
atom. (See valence electron.) 

VALENCE, SUPPLEMENTARY. A residual 
valence connecting atoms, groups, or mole- 
cules in which the ordinary valences are al- 
ready saturated. Supplementary valences 
are found in coordination compounds and 
often in associated molecules. 


VALENCY, THEORY OF. The theory that 
atoms combine with other atoms in propor- 
tions which are determined by a property 
known as valence, the standard of which is 
the valence of hydrogen taken as one, or, 
better, of oxygiai taken as two. This concep- 
tion has been extended to include combina- 
tions entered into by groups of atoms as well 
as individual atoms. The present concep- 
tion of the mechanism of the process is by 
the transfer or sharing of electrons between 
atoms. (See valence, and various entries 
under the term atom.) 


VALLEY BREEZE. On hot days, uneven 
terrain gives rise to uphill breezes, ie, from 
the valley up mountain or hill slopes This 
breeze is known as a valky breeze; it is an 
anabatic wind. With sunset, the rireeze die.s 

VALUE. The amount or magnitude of a 
(]iiantity or j^roporty. 

VALUE OF ISOTOPE MIXTURE. A meas- 
ure of the difhciilty of prej)aring a quantity 
of ail iM)to])e mixture. It is proportional to 
the amount of the mixture, and is also a func- 
tion of the comj)osition of the mixUire. The 
change in value created by a cascade is di- 
rectly jiroportional to the iiumbiT of separat- 
ing elements it contains. For a binary mix- 
ture, the value of Q moles of mixture, taking 
-I he etpnTnolar mixture as the reference state, 
is given by 

Q(2N - nin 

when N is the mole fraction of either com- 
ponent, R is V/l -■ A^, the molecular abun- 
dance ratio. 

When referred to an arbi^rar}’^ mole fraction 
No as the reference state tlie value of Q moles 
of mixture is 


V = 


{2N - 1) In 


N {] -- N o) 

Noil - N) 

+ - ^o)(^ - 2iVo)| 

ATod-A^of T' 


The total value created by a separating plant 
is the difference between the total value of all 
outgoing materials and the total value of all 
ingoing materials. This resultant is inde- 
jienderit of No. 


VANADIUM. Metallic element. Symbol V, 
Atomic number 23. 
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VAN DE GRAAFF, GENERATOR. See elec- 
trostatic generator. 

VAN DER WAALS ADSORPTION. See ad- 
sorption, types of. 

VAN DER WAALS EQUATION. A form of 
the equation of state, relating the pressure, 
volume, and temperature of a gas, and the 
gas constant. Van dor Waals applied correc- 
tions for the reduction of total pressure by 
the attraction of molecules (effective at 
boundary surfaces) and for the reduction of 
total volume by the volume of the molecules. 
The equation takes the form • 

(P + ~) (F - 6) = RT 

in which P is the pressure of the gas, V is the 
volume, T is the absolute temperature, R is 
the gas constant, and a and b are correction 
terms which have been evaluated and reported 
for many gases. 

VAN DER WAALS FORCES. Interatomic 
or interniolecular forces of attraction due to 
the interaction between fluctuating dipole mo- 
ments associated with molecules not possess- 
ing permanent dipole moments. These dipoles 
result from momentary dissymmetry in the 
positive and negative charges of the atom or 
molecule, and on neighboring atoms or mole- 
cules. These dipoles tend to align in anti- 
parallel direction and thus result in a net 
attractive force. This force varies inversely 
as the seventh power of the distance between 
ions. 

VAN DER WAALS SURFACE TENSION 
RELATIONSHIP. 

y = A(p,/M)^TM - T/ry 

where A is a (*onstant, P 1.23, pr is the den- 
sity at the critical temperature, M is the molec- 
ular weight, 7 is the surface tension at tem- 
perature T. 

VANT HOFF EQUATION. A relationship 
representing the variation with temperature 
(at constant pressure) of the equilibrium con- 
stant of a gaseous reaction in terms of the 
change in heat content, i e., of the heat of re- 
action (at constant pressure). It has the 
form; 

ah Kp __ AH 
dT~ “ 


in which Kp is the equilibrium constant at 
constant pressure, T is absolute temperature, 
R is the gas constant, and AH is the standard 
change in heat content, or, for ideal gases, 
the change in heat content. 

VANT HOFF FACTOR. A factor which 
expresses the ratio of the observed osmotic 
pressure of a solution to the value calculated 
upon the basis of ideal behavior, i.e., direct 
proportionality of the osmotic pressure to the 
product of the temperature and the gas con- 
stant, divided by the volume. 

VANTT HOFF LAW. A dissolved substance 
has the same osmotic pressure as the gas pres- 
sure it would exert in the form of an ideal 
gas occupying the same volume as that of the 
solution. 

VAPOR, A substance in the gaseous state, 
but below its critical temperature, is called 
a vapor. If a pure liquid partly filling a 
closed container is allowed to stand, the space 
above it becomes filled wutli the vapor of the 
liquid, which develops a pressure. This vapor 
pressure increases up to a certain limit, de- 
pending upon the temperature, wh^re it be- 
comes constant, and the space is then said to 
be saturated. 

Such^ body of vapor is not subject to all of 
the laws of gases. If tlie space occupied by 
it is diminished without change of tempera- 
ture, thcic is no increase in pressure, but in- 
stead pait of the vapor condenses. And if 
the temperature is raised, the pressure goes 
up not at a uniform but at an increasing rate, 
because of both the expansion of the liquid 
and the further evaporation from it. The re- 
lation of vapor to liquid takes on a curious 
aspect as the critical state is approached, in 
which the vapor and the liquid have equal 
density. 

VAPOR CAPACITY OF AIR. See satura- 
tion. 

VAPOR DENSITY. The density of a gas 
referred to the density of hydrogen or air as 
unity. If the density of hydrogen is taken 
as 2, the vapor density is approximately the 
molecular weight; if it is taken as one, the 
vapor density equals about half the molecu- 
lar weight. 

VAPOR PRESSURE. The vapor pressure of 
a substance (solid or liquid) is the pressure 
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exerted by its vapor when in equilibrium with 
the substance. For pure substances it depends 
only on the temperature. The simplest way 
to measure the vapor pressure of a substance 
is to introduce a small amount of it into the 
closed end of a barometer tube and note the 
decrease in the height of the barometer. 

The vapor pressure of a solvent is lowered 
on dissolving the solute in it. This lowering 
for dilute solutions is proportional to tlie mole 
fraction of the solute (see Raoult law). The 
lowering of the vapor pressure of the solution 
cun be related to the lowering of the freezing 
point and the elevation of the boiling point. 
These phenomena serve as a basis for molec- 
ular weight deterniinutions. If both com- 
ponents of the solution are volatile, each 
lowers the vapor pressure of the other and 
the ratios of the two substances in the liquid 
and vapor phase are not necessarily the same 
Use is made of this fact to separate the two 
substances by distillation. 

VAPOR PRESSURE, CHEMICAL CON- 
STANT OF. The constant of integration in 
the general vapor-j^ressure equation for a 
substance (see vapor pressure, general equa- 
tion). Its value can be found both !)y meas- 
urement of the other quantities in the equa- 
tion, and from statistical mechanics. 

VAPOR PRESSURE, GENERAL EQUA- 
TION. J'^quation for the vapor pressure of a 
solid obtained by integration of the Clausius- 
Clapeyron equation, assuming that the vapor 
obeys the ideal gas law; 


In p = — 


Xq 

— + - In r 
RT 2 


--r 

R Jo 


I 




rp2 


dT + i. 


In this equation, p is the vapor pressure, i?, 
the gas constant, jT, the absolute temperature, 
Cg the molar specific heat of the solid, and 
Ci the internal molar specific heat of the 
vapor due to rotations and vibrations. Ao and 
i arc constants of integration known as the 
latent heat of vaporization and the. chemical 
constant respectively. The equation is slightly 
different for the case of a liquid. 

VAPOR PRESSURE, KIRCHHOFF FOR- 
MULA FOR. Special case of the vapor pres- 
sure general equation in which the integra- 


tion is taken between temperature limits suf- 
ficiently close for the specific heats to be re- 
garded as constant. Tliis gives the equation 

, B 

lnp=il ClnT 

T 

where p is the vapor pressure, T the absolute 
temperature, and A, B, and C are constants. 

VAPOR PRESSURE, METHODS OF MEAS- 
UREMENT. (P, Melliods for the measure- 
ment of the saturation vapor pressure at a 
known V'mperature are: 

(a) Static method, in which the pressure 
of vapor in equilibrium with liquid is meas- 
ured directly by a mercuiy manometer or 
othen\dsc. 

(b) By measuring the variation of boiling- 
point with pressure in an atmosphere which 
neither dissolves in nor reacts with the liquid. 

(c) By measuring the rate of transpiration 
of the vapor into a vacuum through a small 
liol(‘ in a container filled with vapor at the 
saturation pressure. This may he done by 
\\(‘ighing, and is especially suitable for the 
measurement of extremely low vapor pres- 
sures. 

(2) To measure the partial pressure of a 
vapor in the presence of other gases, several 
methods are available: 

(a) Wet and dry bulb (differential) ther- 
mometer. The vapor jiressure is determined 
by observing the temperature difference be- 
tween a surface wetted wdth the liquid (usu- 
ally water) and exposed to a suitable current 
of tlie gas-vapor mixture and a similar dry 
surface. 

(b) Dew-point method. A briglit surface 
is cooled until vapor is just on the point of 
depositing. The partial pressure in the mix- 
tuj’e equals then the saturation vapor pres- 
sure at this ti'inperature. 

(c) By absorbing chemically the vapor 
from a known quantity of the mixture and 
weighing. (See also Dumas method; Hof- 
mann method; Victor Meyer method; Fair- 
baim and Tate method; Knudson method; 
Langmuir method; constant volume method; 
boiling method; direct or static methods.) 

VAPOR PRESSURE, REID. The vapor pres- 
sure of a liquid determined at lOO^F and ex- 
pressed in pounds per square inch. 
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VAPOR PRESSURE, RELATIVE LOWER- 
ING OF. A quantity given by the expression 

Vo - V 

Vo 

where po is the vapor pressure of pure solvent, 
and p is the vapor pressure of the solution. 

VAPOR, SATURATED. A vapor that is in 
equilibrium with its liquid at a given tem- 
perature. 

VAPOR TENSION. Tlie tcnfleney of a liquid 
to enter the vapor state, halanoed by, and 
numerical ly equal to, the vapor pressure. 

VAPORIMETER. An instrument used to de- 
termine the vapor tension of a substance, par- 
ticularly that of alcoholic liquids, whereby 
their content of alcohol may be estimated 

VAPORIZATION. The change of ‘a sub- 
stance from the liquid or solid state to the 
gaseous state. 

VAPORIZATION, HEAT OF. (LATENT 
HEAT OF VAPORIZATION, HEAT OF 
EVAPORATION). The amount of heat re- 
quired to convert a unit mass of a substance 
into its vajior at the vapor pressure of the 
system and without tciniierature change. The 
amount of heat recpiircd varies with the tem- 
perature at which the evaporation is carried 
on, generally decreasing as the temperature 
increases. 

VAPORIZATION, MOLAR LATENT HEAT 
OF (MOLECULAR HEAT OF VAPORIZA- 
TION). The amount of heat required to con- 
vert one gram-molecule of substance into its 
vapor at a constant temperature and at the 
vapor pressure of the system; numerically 
this quantity is ('qual to the product of the 
heat of vaiiorization and the gram-molecular 
weight. 

VAR. Abbreviation for volt-ampere, reac- 
tive. 

VARIABLE. A quantity, as distinguished 
from a constant, to wdiich any number of 
values in a given set may be assigned. The 
numbers may be real or complex If the set 
comprises a domain (a,b), then the variable 
is only defined ov^ i Miis interval and all values 
outside of the int*^ val are ignored. 

When an implicit function defines a rela- 
tion between two or more variables, it may 


usually be solved to find an explicit function 
of the form such as y = fix^Zy* • '), The 
variables x, 2, • • • are independent, for values 
must be given to each of them in order to 
fix the dependent variable y. Choice of the 
dependent and independent variables can be 
made as desired in a given problem but some 
particular choiee is likely to be more con- 
venient than others. 

VARIABLE FOCUS LENS. A lens system, 
part of wduch is movable, and so designed as 
to have correction for lens aberrations, con- 
tinual sharj) focusing of the image on the 
receiving film and constant f-value as the 
focal length is changed. Such a lens gives 
the effect of moving the camera tow\ards or 
awav from the object Variable focus lenses 
are used in motion picture and television 
cameras; commonly called Zoonnir lenses. 

VARIABLE-INDUCTANCE PICKUP. Sc(> 
pickup, variable-inductance. 

VARIABLE IMPEDANCE TUBE. See tube, 
reactance. 

VARIABLE-MU TUBE. See tube, •^variable- 
mu. 

VARIABLE RELUCTANCE CARTRIDGE. 
See reluctance cartridge. 

VARIABLE RELUCTANCE MICRO- 
PHONE. See microphone, variable reluc- 
tance. 

VARIABLE - RELUCTANCE PICKUP 
(MAGNETIC PICKUP). See pickup, vari- 
able-reluctance (magnetic pickup). 

VARIABLE - RESISTANCE PICKUP. Sec 
pickup, variable-resistance. 

VARIABILITY. The property of departing 
from an established value or standard, or the 
amount of such departure. 

VARIANCE. Either the number of degrees 
of freedom possessed by a system, or the 
degrees of freedom themselves. (See also 

phase rule.) 

VARIATIONAL METHOD. An approxima- 
tion method of calculating an upper limit to 
the lowest energy state of a system by sub- 
stituting in the so-called variational integral 
an arbitrary function in place of the true 
w'ave function. 
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VARIATIONAL PLATE RESISTANCE. See 
dynamic plate resistance. 

VARIGNON THEOREM. The algebraic 
sum of the moments of two coplanar concur- 
rent forces with respect to a point in their 
plane is equal to the moment of the resultant 
with respect to the same point. 

VARIOCOUPLER. A radio-frequency trans- 
former in which one of the windings may be 
rotated wdth respect to the oiher, in order 
to change the coefficient of coupling. 

VARIOMETER. A variable inductor in 

which the variation of inductance is obtained 
from the change in mutual inductance Indween 
two coils as one is rotated with respect to the 
other. 

VARISTOR. A two-electro<le semiconductor 
device having a voltage-dependent, nonlinear 
resistance. 

VECTOR. A quantity possessing both mag- 
nitude and direction, as distinguidied from a 
scalar wdiich has magnitude only. Typical 
vectors arc the displacement, velocity, and 
acceleration of a i)article; its rnas'-, tempiTa- 
turc, and density are scalars. A more jirecisc 
definition of a vector is often required Sup- 
pose a point, located in a rectanirular coordi- 
nate system has comiionents The 

same point, however, could also he described 
in other coordinate systems, obtained from 
the first one by tranhlation of th(‘ origin and 
rotations about the coordinate axes. If the 
comjionents of the fuiint in the secoiia system 
are assumed for conveuience to 

have the same origin as that of the first sys- 
tem, then the relation ])otwcen the compo- 
nents, called a linear transformation, is 

3 

j-,' j = i,2, 3 

;-i 

where the Cif are the nine direction cosines 
between the various coordinate-axis i)airs. 
Matrix notation may also be used to write 
x' = Rx, where x' and x are column vectors; 
R is the orthogonal matrix of the direction 
cosines. If this transfoiTnation law does not 
hold, the directed line segment from the co- 
ordinate origin to the point is not a vector but 
it may be a pseudovector. The vector con- 
cept is readily extended to an abstract vector 
space of n dimensions. 


VECTOR ADDITION. If A, B arc vectors 

with components A, and 

respectively, tlieir sum is a new" vector C = 
A + B, with components Ar + i?r, Af, + Bp, 
A. + B,. Vector addition obeys the com- 
mutative and associative laws of algebra: 
A -f- B ~ B + A; (A -f B) C = A -}- 
(B-f C). To subtract a vector B from a 
vector A, take the negative of B and add 
— B to A. 

VECTOR, AXIAL. Also called a rotor. (See 
p.seudovector. ) 

VECTOR, COMPONENT OF. Scalar quan- 
tities, required to determine a vector numer- 
ically. In three (limensK)ns, they are directed 
lines, parallel to the axes of a coordinate sys- 
tem. Thus, if a r^'et angular Cartesian sys- 
tetr) is used with unit vectors i, j, k, any vector 
may be written as A - LL + jAy + kA., 
wlierc (A,.d;,,A.) are it'^ three components. 
In the more general ease of an 7i-diineusional 
vector I tie components of the vector are the 
V matrix elements of a column or a row matrix. 

VECTOR, CONTRAVARIANT AND CO- 
^'^ARIANT. See contravariant vector; also 
tensor, contravariant and covariant. 

VECTOR, COVARIANT. See covariant 
vector. 

VECTOR DERIVATIVE. If a vector R is a 

fuii<*tion of a single scalar variable f, there 
arc three posbihle ways in w'liich R may vary 
wuth f, for if R] and Ro refcT to fi and L, 
respectively, then Rj may differ from Ri,* 
(J) m magnitude only; {2} in direction only; 
(.'^) in both magnitude and direction. Since 
e^cn the general case is relatively simple, as- 
fume that a curve is traced by the terminus 
of (he coritinuouhly var^ung vector R, the 
origin of the vector being kept fixed at the 
origin of a coordinate system. Let A and B 
be two neighboring jioints on this cun^c and 
let Ri and Rj be their position vectors, then 
the vector AR — R^ — R^ has the direction of 
the secant A/L w^hich approaclics the tangent 
to the curve at A as Af - approaches 

zero. The quotient aR/A^ is the average rate 
of change of R in the interval between L and 
f.j. The derivative is defined as 

AR rfR 
A; 0 A/ dt 
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In terms of unit vectors, and with the use 
of primes for differentiation, R = iR^ + \Ry + 
kfl,; R' = m; + \Ry' + k72/; R" = ffl/' + 
}Ry' + k/?/'. For a composite function of 
two or more vectors, each depending on a 
single scalar t, the usual rules of differentia- 
tion hold except that the order of the vectors 
must be retained, if vector products are in- 
volved. 

VECTOR, ENTROPY. See entropy vector. 

VECTOR FIELD. A region of space, each 
point of which is described by a vector.# Thus, 
in three dimensions, each point is described 
by three quantities, the components of the 
vector along the coordinate axes. Examples 
are wind velocities in the atmosphere, elec- 
trostatic or electromagnetic fields. (See also 
scalar field.) 

VECTOR FLUX. If V describes a 'vector 
field, for example tlie velocity of an incom- 
pressible fluid, then the total flux through a 
surface S in the field is given by 

The vector V may refer to electric, magnetic, 
or gravitational force; heat or a fluid, etc. 
The surface integral may be converted to a 
volume integral by Gauss’s theorem. 

VECTOR, FOUR. A vector with four com- 
ponents. One tvpe i.^ called a quaternion. 
Another, used principally in relativity theory, 
has for its components (x, 2 , ict), where 

r, ty, z are positional coordinates, i -- V — 1» 
c IS the velocity of light, and t is the time. 
The components of the vector in one coordi- 
nate system are related to the components in 
another system by a Lorentz transformation. 

VECTOR FUNCTION. If are func- 

tions of ior,y,z)f then the vector V' = ix' + 
]i/ + kz' is a vector function of the vector 
V = ix + j// + kz, where (ij,k) are unit vec- 
tors. The function is a linear vector function 
if V' (A + B) = V'(A) -h V'(B), for all vec- 
tors A, B. 

VECTOR INTEGRAL. The inverse opera- 
tion to vector diflerentiation. Corresponding 
to ordinary definite integrals there arc line 
integrals, surface integrals, and volume in- 
tegrals of vector functions. 


VECTOR, IRROTATIONAL. If the curl of 
a vector function of position vanishes every- 
where in a certain region, the function is said 
to be an irrotational vector (or a lamellar 
vector) in this region. It follows that if V 
is an irrotational vector so that V X V = 0, 
then V = V</), where is some scalar func- 
tion of position. 

VECTOR, LAMELLAR. See vector, irrota- 
tional. 

VECTOR MULTIPLICATION. There are 
two distinct kinds of products of two vectors: 
the scalar product and the vector product 
(but see also pseudovector). Combining these 
two types of producis, there arc three kinds 
of triple producis of vectors, and several 
quadruple products of vectors, giving rise to 
the vector system, reciprocal. 

VECTOR NOTATION. A vector is com- 
monly indicated by a bold-face letter such 
as A, which stands for its three scalar com- 
ponents (Aij A^, A,i} referred to some coordi- 
nate system. In the Cibbs notation, scalar 
and vector products are shown with^dots and 
crosses, respectively Thus, if T is a scalar 
and V, A, B are vectors, then C = A-B and 
V ~ A X B Loss commonly used symbols, 
have been propo^erl by Hamilton, Orassmann, 
Heaviside, and others. They include; T\ 
(T for tensor), \A\ for the magnitude of a 
vector; *SAB, (AB) for tlie scalar product; 
FAB, A/\B, and [AB] for the vector prod- 
uct. 

VECTOR, ORIGIN OF. A vector is often 
indicated graphically by means of an arrow 
(technically called a stroke). The length of 
the arrow is proportional to the scalar mag- 
nitude of the vector and the direction in which 
the arrow points is the direction of the vector 
The tail or initial point of the arrow is its 
origin; the head or final point is its terminus. 

VECTOR, ORTHOGONAL. A vector A per- 
pendicular to another vector B. Their scalar 
product vanishes, or A*B = 0. 

VECTOR, POLAR. Also called a proper 
vector or a localized vector. If its compo- 
nents in one Cartesian coordinate system are 
given by the column vector x, then its com- 
ponents in another such system are x' = Rx, 
where R is an orthogonal matrix. A directed 
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quantity which cannot satisfy this require- 
ment is a pseudovector. 

VECTOR, POSITION, If, in a rectangular 
coordinate system, a point has coordinates 
{x,y,z) then its position vector is one drawn 
from the coordinate origin to the point. It 
may be written as R = ix -f- jy + ka, where 
(i,jjc) are unit vectors. 

VECTOR POTENTIAL. (1) Three func- 
tions of position and time, forming a vector 
A (r,f) in ordinary space, used together \\nth 
the scalar potential to specify an electro- 
magnetic field. In Minkowski space, Ay^ 
Agy iifi form the components of a four-vector. 
In Gaus.sian units the electromagnetic field 
is given by 


B = V X A 

1 dA 



(2) A solenoidal vector field, such as mag- 
netic induction, i.s one whohC divergence van- 
ishes (*veryA\ here: V*B - 0 Such a vector 
is derivable from a vector potential; ie.. we 
can write B V X A. The vector potential 
due to a distribution of current density is 

A = mJj 

where r is the distance between the point of 
observation and dv, the volume element. For a 
closed linear current loop, this becomes 



H = B/m = V X A/n 

r /1\ fdl X r 

Thus result is often expressed by the (non- 
unique) resolution into differential elements: 



which is known as the Ampere law, or the 
Biot-Savart law. 

VECTOR PRODUCT. See vector multipli 
cation. 


VECTOR, RADIUS. In polar coordinates 
or in spherical polar coordinates, a vector 

drawn from the origin of the coordinate sys- 
tem to a point. It is thus one of the two or 
three quantities required to describe tlie posi- 
tion of the point in the coordinate system. 

VECTOR, SOLENOIDAL. If the divergence 
of a vector function of position vanishes 
everj'W’hcre in a certain region, the function 
is said to b(' a solenoidal vector in that re- 
gion. It follows that if V is a solenoidal 
sector so tliat V-V = 0, then V ~ V X W, 
or V is 4he curl of some vector W. 

VECTOR SPACE. A generalization of ordi- 
nary ihree-dimensional space to n dimensions. 
A vector m such space, if i^s components are 
real numbers .rt, .r_., * ' *, may he considered 
as a row or column matrix x. The scalar 
product# of Iw^o vectors x and y is a scalar 

\y = .ri/y, + ^ 21/2 H h 

where x is the transpose of x and two vectors 
are orthogonal in such a space if their scalar 
product vanishes, xy = 0. Tlie square of the 
length of the vector for its norm squared) 
is also a scalar 

= w -I- H h Xri^. 

If AT - 1, the vector is normalized. 

If the components of the vector are com- 
plex, the ‘=^pace is a Hennitian for unitary) 
space. The Hermitian scalar product is 

xt} = + ^ 2*!/2 H h 

where xf is the associate matrix to x and x* 
IS the complex conjugate to The norm is 
defined by -- xfx The condition for 

orthogonality is xfy = yfx = 0 and the vector 
is normalized if .xfx = 1. 

VECTOR, STATE. Sec state vector. 

VECTOR SYSTEM, RECIPROCAL. From 
the ])ropertics of the quadruple product of 
vectors, the following relation is found to hold 
for any four vectors r, a, b, c: 

r[abc] = [rbc]a + [rca]b + [rab]c 

which may also be written in the equivalent 
form 

r = ra'a + rb'b + re'e. 


Vector, Terminus of — Velocity, Coefficient of 
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The system of thm* vectors 

bXc cXa aXb 

a' = ; b' = ; c' = 

[abc] [abc] [abc] 

is reciprocal to the three non-coplanar vec- 
tors a, b, c. The unit vectors i, j, k form a 
system which is its own reciprocal. Con- 
versely, a system which is its own reciprocal 
is a set of mutually pcrpeiulicular unit vectors, 
fonninp; either a right-handed or left-handed 
Cartesian coordinate system. 

VECTOR, TERMINUS OF. Scc^ vector, 
origin of. 

VECTOR, UNIT. A vector of unit length, 
drawn in the positive direction and tangential 
to a coordinate system It is not iuMT^sary 
that the system be orthogonal. In the com- 
mon case, a rectangular Caidesian roor(iina1<' 
system is used and the unit vectors aiong the 
OX^ Oy, anfl OZ axes are called i, j, k, r(‘- 
spectively. Scalar and vector products of 
unit vectors in this ease have the following 
properties: 

ij ==ji == ik = ki =^jk = kj = 0 
= jj = kk ^ 1 
iXi=jXj=kXk=0 
i X j = “j X i = k; 

jXk== -kXj==i; 
k X i = — i X k = j. 

VEERING WIND. Any clockwise change 
in wind direction is known as veering of the 
wind It is opposite to backing. 

VELOCITY. ( 1 ) The time rate of change of 
position. Velocity is a vector quantity; a 
statement of a velocity therefore includes 
both a magnitude, (‘xpressed in units of length 
divided by time, and a direction relative to 
some frame of reference. The defining equa- 
tion for instantaneous velocity is v = dx^dt, 
where x is the vector specifying position rela- 
tive to an origin and t is the time. (C'f. veloc- 
ity, average.) The origin is loeat(*d with 
reference to an inertial frame, commonly 
axes fixed to the earth. (2) Sometimes loosely 
used to express magnitude only, i.c., synon- 
ymous with spec 1. 

VELOCITIT, ANGULAR. A quantity relat- 
ing to rota . :6nal motion. While the use of the 


term “angular velocity'^ may be extended to 
any motion of a point with respect to any 
axis, it is commonly applied to cases of rota- 
tion. Its instantaneous value is defined as 
the vector, wliosc magnitude is the time rate 
of change of the angle 0 rotated through, for 
example, dO/dt, and whose direction is arbi- 
trarily defined as that direction of the rota- 
tion axi-^ for which the rotation is clockwise. 
The u^ual symbol is w or il. 

The concept of angular velocity is most 
useful in the case of rigid body motion. If 
a rigid body rotates about a fixed axis and 
the position vector of any point P with respect 
to any f>oint on 1h“ axis as origin is r, the 
velocity r of P relative to this origin is *r = 
CD X r, \vhere ci> is tlie instantaneous vector 
angular velocity. This indeed may serve as 
a (h'finition of cd. 

Tlie average angular velocity may be de- 
fined as the ratio of tlie angular displacenient 
di\ided by the time In general, however, 
tliis K not a vector, since a finite angular 
displacement is not a veetoi. The instan- 
taneous angular velocity is more widt'ly used. 

Angular velocities, like linear vel^citii's, are 
vectorially addinl, for example, if a top is 
sjiinning about an axis winch is smiultarieously 
b(*ing tipped over toward the table, the re- 
sultant angular velocity is the vector sum of 
tlie angular velocities of spin and of tipping 
(This enters into the theoiy of precession.) 
The derivatives of the Euler ian angles are 
sometimes very useful in describing the angu- 
lar moti(ui of a rigid body which has cum- 
ponents of angular velocity about all its prin- 
cii)h 1 axes. 

VELOCITY ANTIRESONANCE. See anti- 
resonance, velocity. 

VELOCITY, AVERAGE. Referring to a 
single material particle, the ratio of the 
change in the position vector to tlic time in- 
terval involved in the change. It is a vector 
quantity whose magnitude is usually called 
the average speed. 

VTILOCITY, CHARACTERISTIC, OF A 
MEDIUM. The phase velocity of an electro- 
magnetic wave, V = W/Ae. 

VELOCITY, COEFFICIENT OF. See co- 
efficient of velocity. 
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Velocity Diagram — Velocity, Root-mean-square 


VELOCITY DIAGRAM (VELOCITY-MOD- 
ULATION TUBES). See Applegate diagram. 

VELOCITY, INSTANTANEOUS. See veloc- 
ity. 

VELOCITY, INSTANTANEOUS ANGU- 
LAR. See velocity, angular. 

VELOCITY LEVEL. The velocity level, in 
decibels, of a sound is 20 times the logarithm 
to the base 10 of the ratio of the particle ve- 
locity of the sound to the reference particle 
velocity (see velocity, particle). The n'fer- 
cnce particle velocity should be stated ex- 
plicitly. In many sound fields the ]nirticlc 
velocity ratios are not proixirtional to (he 
square root of corresponding power ratios and 
hence cannot be expressed in decibels in the 
strict sense; however, i( is common practice 
to extend the use of the decibel to these cases. 

VELOCm^ MAXIMUM. The maximum 
v('locity for any given cycle is the maximum 
absolute value of the instaiitaneoiis velocity 
during that cycle. 

VELOCITY, MAXIMUM ANGULAR. The 

maximum angular velocity for any given cycle 
is tlu* maximum ab^-olutf' value of tlu' instan- 
taneous angidar velocily during that cych*. 
The unit is the radian p(U* ‘-econd 

VELOCITY MICROPHONE. See micro- 
phone, ribbon. 

VELOCITY-MODUI.ATED OSCILLATOR, 
vsee oscillator, velocity-modulated. 

VELOCITY - MODULATED TUBE. See 
tube, velocity-modulated. 

VELOCITY MODULATION. The variation 
of the velocity of a beam of electrons as a 
periodic function of time. 

VELOCITY OF LIGHT, MEASUREMENT 
OF. See (1) Bradley, Aberration of Light, 
(2) Roemer, Astronomical Determination of 
Velocity of Light. (3) Fi/eau, Toothed 
WTieel. (4) Foucault, Rotating MiiTor. (5) 
Michelson, Rotating Mirror. (6) Rosa and 
Dor^-ev, Electromagnetic Computation of the 
Velocity of Light. 

VELOCITY OF LIGHT, VALUE OF. The 

best value in 1941, according to Raymond 
Birgc, was 2.99776 X 10^® cm sec“L 


VELOCITY OF SOUND. The velocity w ith 
which the phase of a sound wave is propa- 
gated. The velocity of sound in dry air is 
(331.4 .l/^S)\/T/2f3TlG‘^lv. 

VELOCITY, PARTICLE. In a sound wave, 
the velocity of a given infinitesimal part of 
the medium, with reference to the medium as 
a wdiolc, due to the sound w^ave. The com- 
monly used unit is the centimeter per second. 
The terms ‘‘instantaneous paiiicle velocity,’^ 
“efTeetive particle velocity/' “maximum par- 
ticle velocity,” and “peak ])article velocity” 
have m(*anings which correspond with those 
of the relatefl terms used for sound pressure. 

VELOCITY, PEAK. The peak velocity for 
any s])eeiru‘d time interval is the maximum 
:d)solu((‘ \alue of (he instantaneous velocity 
(see velocily, instantaneous) in that interval. 
Th(' unij: is (he centimeter p(T second. 

^T:LOCITY, PEAK ANGULAR. The peak 
angular vcloc'ity for any s])c*citied time in- 
t(‘rval IS the inaxinuim absolute value of the 
instantaneous angular velocity (sec velocity, 
instantaneous angular) in that interval. The 
unit IS the radian pcT second. 

VELOCITY POTENTIAL OF SOUND. A 

scalar point function wdiosc gradient gives the 
l^articlc velocity at any point (see velocity, 
particle). Some aiilhors, in analogy with the 
electric scalar potential, define tlic velocity 
j)o(ential function so that its i.egative gradient 
i?iv«’s the paidicle velocity at any point. 

VELOCITY, PRECESSIONAL. See preces- 
sion. 

VELOCITY PROFILE. The graphical rep- 
resentation of the vn.'iation with displacement 
normal to the general direction of flow of the 
mean flow velocily in a .shear flow. For cx- 
ample, the velocity profile of laminar flow 
through a circular tube is parabolic. 

VELOCITY, RELATIVE. The relative ve- 
locity of a jioint wdth respect to a reference 
frame is the time rate of change of a position 
vector of that point with respect to the ref- 
erence frame. 

VELOCITY RESONANCE. See resonance, 
velocity. 

VELOCITY, ROOT-MEAN-SQUARE (OF A 
SYSTEM). The square root of the average of 
the square of the sjiecd of the particles com- 
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pofeing the system This average is formed 
by summing the squares of the speed of each 
particle and dividing by the number of par- 
ticles. 

VELOCITY, SPIN. Angular velocity (see 
velocity, angular) about an axis fixed in space 
or in the spinning body. 

VELOCITY, TERMINAL (FREE FALL IN 
AIR). When a particle lalLs m air oi some 
other fluid medium which resists its motion 
with a force varying as some poster of the 
speed, analysis shows that it ap[)r6arhes a 
limiting '^peed which can be calculated by 
equating the magnitude of the resisting force 
to the force of gravity. 

VELOCITY, UNITS OF. The unit of veloc- 
ity in the cgs system is the centimeter per 
second In the inks system it is the meter 
per second In the English system it is the 
toot per second Foi many piaetieal pur- 
poses the mile per hour or kilometer jier hour 
is used, 

VELOCITY VARIATION. See velocity mod- 
ulation. 

VELOCITIES, ADDITION OF. See addi- 
tion of velocities. 

VENA CONTRACTA. The phenomenon of 
the contraction of the free jet of luiuid issu- 
ing from a container thiough an orifice. Un- 
less the orifice is a piopcily designed nozzle, 
the convergence of the flow approaching it 
continues beyond the exit section, and the 
final section of the jet is less than the exit 
section 

VENTURI METER. A Row meter for liquids 
or gases utilizing the Venturi principle. A 
tapered constriction is placed m the iupe, and 
the pressure difference taken between a point 
in the pipe before the constriction begins, and 
a point in the throat, or the narrowest pari of 
the constriction The observed pressure dif- 
ference is a function of the rate of flow and 
may he calibrated or calculated to obtain 
flow rates For the principle of the Venturi 
meter, see Bernoulli law. 

VERDET CONST IlNT. A proportionality 
factor in ^n equation of the Faraday effect, 
the rotation of the plane of polarization of 


light by transparent substances in a magnetic 
field. In the relationship; 

a == 

a is the angle of rotation, I is the depth of 
the medium transversed by the light, H is 
the intensity of the magnetic field, and w is 
the Verdet constant. 

VERIFICATION. The process of automat- 
ically checking one data typing or recoidmg 
process against another for the purpose of re- 
ducing the number of human errors m data 
transcription. 

VERSINE. If 0 is an angle, versine ^ = vers 
^ = 1 — cos 

VERTEX. Also called apex. (See parabola; 
conical surface; polygon; polyhedron; node.) 

VERTEX POWER OF A LENS. The recip- 
rocal of the back focal length. 

VERTICAL BLANKING. In television, the 
interval duiing which the electron beam is 
being shifted Irom the bottom of the image 
back to the top, and the (‘lection bcflin is pre- 
vented from reaching the screen. 

VERTICAL CENTERING CONTROL. In 

teloMsion, an adjustnumt control for moving 
the image up or down on the viewing screen 

VERTICAL HOLD CONTROL. See con- 
trol, vertical hold. 

VERTICAL ILLUMINATORS. It is difficult 
to illuminate the surface of an opaque sub- 
stance, such as a metal, so that it can be ob- 
served with a high-power microscope To 
avoid this difficulty, certain microscopes are 
provided with a moans by which light from a 
lamp may be passed dowm through the objec- 
tive lens normal to the surface to be observed 
(Also called metallographic microscope.) 

VERTICAL RECORDING. Disk recording 
in wfliich the modulation is in the form of a 
variable-depth groove (Also sometimes 
called hill-and-dale recording.) 

VERTICAL RETRACE. In television, the 
return path of the electron beam during the 
vertical blanking interval. 

VERTICALLY POLARIZED WAVE. See 
wave, vertically polarized. 
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VERY fflGH FREQUENCY. The baud of 
frequencies between 30 and 300 megacycles. 

VERY LOW FREQUENCY. The band of 
frequencies between 10 and 30 kilocycles. 

VESTIGIAL SIDEBAND. See sideband, 
vestigial. 

VESTIGIAL-SIDEBAND TRANSMISSION. 
See transmission, vestigial-sideband. 

VESTIGIAL-SIDEBAND TRANSMITTER. 
See transmitter, vestigial-sideband. 

VFO. Abbreviation for variable frequency 
oscillator. 

VHF. Abbreviation for very high frequency, 
the band of frequencies between 30 and 300 
megacycles. 

VIBRATING CONTACTER. A device which 
periodically makes and breaks contact in a 
cyclic fasliion, used for converting d-c signals 
to a-c signals. (It is also called a vibrator 
or chopper.) 

VIBRATION(S) AND WAVES. These tenns 
are used in very broad senses and apply to a 
large variety of phenomena and processes. 
“Vibration’' commonly refers to a to-and-fro 
motion, its meaning is often broadened to 
include any periodic physical process, such, 
for example, as a cyclic variation in elec- 
tric or magnetic field intensity. When an 
elastic body is deformed and released, it is 
in general set into oscillation such that the 
displacement of any particle from its equilib- 
rium position is a more or le^s complicated 
harmonic function of the time. The vibration 
may or may not be symmetrical with respect 
to the neutral position ; in any case the maxi- 
mum displacement is called the amplitude of 
the vibration. By analogy, the same tenns 
and the same analysis are applied to vibra- 
tions of any type. 

If a vibratory disturbance occurs at any 
point in a medium having sufficient continuity 
to transmit displacements from one part to 
another, a train of waves is propagated out- 
ward from the seat of the disturbance. The 
speed of propagation depends upon the close- 
ness of coupling between adjacent particles 
of medium and the consequent magnitude of 
the restoring forces; and upon whatever reac- 
tion of the medium corresponds to mechanical 
inertia. In some cases also the speed varies 


— VibralioTi, Normal Mode ot 

with the frequency, as with light in a material 
medium. In any case the wavelength, viz., 
the distance traversed during a complete vi- 
bration period, is related to the frequency of 
vibration and the speed of propagation by 
the simple equation v ■= rX in which v is the 
speed, V the frequency, and A the wavelength. 
Thus, if sound waves of frequency 250 vibra- 
tions per see are traveling with a speed of 
1000 ft per sec, the wavelength is 4'. In case 
the vibrations are of complex character and 
the dilTerent components travel with different 
speeds, the resulting “wave group/’ traveling 
with its* characteristic group velocity, may 
be very sharply defined and may thus con- 
stitute a “wa^e packet,” resembling a single 
pulse or unrepcated wave. 

The tlicorern of Fourier states that any 
vibration or wave train, however com])lex, can 
be resolved into simple hannonic components 
of variois am[>litudes and frequencies and in 
various i)hasea. Of these components, the 
one of lowest frequency (and in the case of 
elastic vibrations, usually of greatest ampli- 
tude) is the “fundamental”; the others are 
“o\er tones.” 

The character of a wave process may be 
described matliematieally by moans of a 
wave equation which specifies the condition 
at any point of the wave field in tenns of the 
position and of the time; or graphically by 
one or more wave form curves, of which 
the ordinates represent the periodically vari- 
able displacements at any point, and the 
abscissas the time 

VIBRATION, FUNDAMENTAL MODE OF. 

The mode of vibration of a system (see vibra- 
tion, normal mode of) wliidi has the lowest 
frequency. 

VIBRATION GALVANOMETER. See gal- 
vanometer, vibration. 

VIBRATION METER (VIBROMETER). An 

apparatus for the measurement of displace- 
ment, velocity, or acceleration of a vibrating 
body. 

VIBRATION, NORMAL MODE OF. A 

characteristic distribution of vibration am- 
plitudes among the parts of the system, each 
part of which is Aubrating freely at the same 
frequency. Complex free vibrations are com- 
binations of these simple vibration forma. 
(See oscillator, coupled.) 


Vibration-rotation Spectrum — View Finder 
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VIBRATION-ROTATION SPECTRUM. A 

spectnim in the infrared portion of the elec- 
tromagnetic spectrum which is produced by 
vibrational and rotational transitions within 
a molecule. Such spectra are useful in cal- 
culating force constants, and other molecular 
constants. (See spectrum, infrared.) 

VIBRATIONAL ENERGY OF DIATOMIC 
MOLECULES. In the Report on Notation 
for Spectra of Diatomic Molecules, Mullikan, 
Phys. Rev. 36, 623 (1930), the vil)rational 
energy Ev is defined as the dilTer(‘nce between 
the energy of a molecule idealized to the 
extent of making Er - 0 and tlie energy of a 
further idealized molecule obtained by the 
following imaginary process: the vibration of 
the nuclei is gradually sto[)ped without i)lae- 
ing any new constraint on the eh'ctron mo- 
tions, in a way such as might be realized by 
leaving the charge's of the nuclei ui], changed 
but gradually increasing the masses until they 
are infinite. 

VIBRATIONAL PARTITION FUNCTION. 

The contribution to the total partition func- 
tion of molecules associated wdth their vibra- 
tional energy. 

VIBRATIONAL SUM RULE. The stuns of 
the band strengths of all bands wdth the same 
upper or the same lower stale are proportional 
to the number of molecules in the upper and 
low'er stat(‘, respectively The band strength 
is the emission intensity <livided by or the 
absorption intensity divided by v. In absorp- 
tion, in place of the intensity, the integrated 
absorption co(’fficient may be used. In emis- 
sion, the inti'iisitics used must, if necessary, 
be corrected for self-absorption. Tins nile is 
valid only if the eleetronie transition moment 
is a constant for all vibrational transitions 
that give an appreciable contribution to the 
sum. 

VIBRATO. A musical embellishment wdiich 
dejiends primarily upon periodic variations of 
frequency wdiieh arc often accompanied by 
variations in amplitude and wave form. The 
quantitative descrijition of the vibrato is 11 *^ 11 - 
ally in tenns of the corresponding modulation 
of frequency, amplitude, wave form, or all 
three. 

VIBRATOR. A magnetically-operated, 
switch mechanism used to “chop” d-c into 
essentially cquare waves of a-c for the pur- 


poses of transformation. Two types are en- 
countered in radio service; non-synchronous 
and synchronous. The non-synchronous vi- 
brator merely performs the d-c to a-c con- 
version as mentioned above, while the syn- 
chronous vibrator is eciuipped with an addi- 
tional set of contacts operating in synchron- 
ism with the first. The seeontl switch set is 
used to convert the a-c, after transformation, 
back to d-c. 

VIBRATRON. A high Q resonator. 

VIBROTRON. A movable-anode triode. 

VICTOR MEYER METHOD FOR VAPOR 
PRESSURE. A small, stoppered, glass vessel 
eontainiiig a weighed amount of liquid is 
dropped into a large bulb at the bottom of a 
long vertical tube The hull) and part of the 
tube are surrounded by a constant-tenpera- 
ture bath, w'hosc temperature is higher than 
tlie boiling point of the liquid, but need not 
be knowui. The liquifl vaporizes, forcing off 
the stop])er, and the va])or (li<i)laees an ec|ual 
volume of air from the large bulb This dis- 
placed air is led aw^'^y, and its volume ni(‘as- 
ured, eg., by a gas burette, or bv»eolleeting 
it in an inverted graduated vessed filh'd with 
waiter, over a pneumatic trough Thus, know^- 
iug (he wndght and volume, the va])or density 
can b(f found. Tlie nudhod is simple and 
rapid, aiul is ae(*urate to about 57^- Mofbfi- 
eations have been made for low^ prc's^ures 
and high temperature, eg, by Matheson and 
Maass, Mousching and IMeyer and Nernst. 

VIDEO. A term pertaining to the bandwidth 
and spectrum po'-ition of the signal resulting 
from tclcvi^iioii scanning. Tn current usage, 
video means a bandwddth of the order of 
megacycles, and a spectivim position that goes 
with a d-c carrier. 

VIDEO FREQUENCY. See video. 

VIDEO-FREQUENCY AMPLIFIER. See 
amplifier, video-frequency. 

VIDEOTRON. A monoscope. 

VIDICON. A camera tube (see tube, camera) 
with a photoconductive mosaic. In other as- 
pects, the tube is similar to an orthicon. 

VIEW FINDER. An auxiliary optical or 
electronic device attached to a television 
camera which enables the operator to see the 
scene as the camera sees it. 
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VIGNETTING EFFECT. The falling-off in 
brightness towards the margin of an illumi- 
nated field, due to the mutilation of the more 
oblique bundles of light by the ooinhined 
effects of diaphragm and lens aperture. This 
is a source of trouble in photograi)hir objec- 
tives w'hen they arc used at large ajiertures, 
or close to the limit of their fully-illuminated 
fields, 

VILLARI EFFECT. See discussion of mag- 
netostriction. 

VIRGIN NEUTRONS. Neutrons from any 
source, before they make a collision. 

VIRIAL OF A SYSTEM. If in a system of n 
particles confined to a finite region of space 
w'hosr* position vectors with res])ect to a given 
origin arc Xi the resultant force on the ?th 
particle is F<, the virial of the system is de- 
fined to be 


Zr.-r,. 

t=l 

The bar over the sum refers to a tim(‘ aver- 
age over a time interval long compared with 
the time taken by a particle to traverse the 
ri'gion in which the jiarticles arc confined. It 
is understood that not only are the magnitudes 
of (he jiosition veciors Vi bounded, but that 
the same is true of the velocities of the par- 
(icles. According to the virial t’neorem the 
virial of the system is equal to the average 
kinetic energy of the system. 

VIRIAL THEOREM. Sec virial of a sys- 
tem. 

VIRTUAL CATHODE. See cathode, virtual, 

VIRTUAL ENTROPY, The entropy of a 
system negloeting the eontribution due fo nu- 
clear sjiin, which is generally a factor inde- 
pimdent of temperature and do('s not contrib- 
ute to heat capacities This also excludes 
entro])y of mixing of different iso(o])ie forms, 
which remains virtually the same in a chem- 
ical reaction. (Also known as practical 
entropy.) 

VIRTUAL HEIGHT. The apparent height 
of an ionized layer determined from the time 
interval between the transmitted signal and 
the ionospheric echo at vertical incidence, 
assuming that the velocity of propagation is 


the velocity of light in a vacuum over the 
entire path. 

VIRTUAL LEVEL, VIRTUAL STATE. (1) 

A cjuasi-st at ionary energy level or state of a 
compound nucleus, characterized by a life- 
time long compared with the transit times of 
the nucleons across nuclear dimensions at 
energic'^ corresponding to the excitation in 
question; therefore, very often a resonance 
level. (2) A term that has frequently been 
used to refer to the so-called “unbound singlet 
state” of the deuleron. However, such a 
usage gij.’es this “state” undue importance, 
lor it (loos not actually exist; its invention 
arose from the nvTely formal possibility of 
calculating a fictitious nf‘gative binding en- 
ergy of the singlet neutron-proton system that 
would give the same* scattering length as is 
observed in neutron-j^roton scattering. 

VIRTUAL PROCESS. Process wdiich may 
be pietuied as the (‘mission of a paKiele or 
quantum follow’cd so quickly by its absorption 
or further interaction that tlie energy and 
momentum of the particle in this intermediate 
state are ill-dofin(‘(l Each such process cor- 
responds to a term in the seii(*s ('X])ansion of 
the Hamiltonian for the wfiiole process and 
may he rejiresented on a Feynman diagram. 

VIRTUAL QUANTUM. In second and higher 
Older perturbation theory, a matrix element 

eoniK'cting an initial state with a final state 
involv('s intermediate states in wfiiieh energy 
i.s not conserved. A quantum or photon in 
such an intermediate stale is tcinmed a virtual 
fluantum. Thus tlu* self-energy of an elec- 
tron (due to the elect rmnagnetic field) is pic- 
tured as arising fnmi tlic continual emission 
and reabsorption by the electron of virtual 
quanta. Similarly the Coulomb energy be- 
tween two electron^ may he pictured as aris- 
ing from the emission of virtual quanta by 
one of the cle(‘trons and their absorption by 
the other. 

VIRTUAL TEMPERATURE. Air free from 
water vapor has a certain density for fixed 
temi^erature and pressure If, how’cvcr, some 
w'at('r enters tlie air as vapor and the pressure 
is held constant, the density wdll decrease 
slightly because the molecular weight of water 
is 18, compared to 28 97 for air. Also, if the 
air remains w^ater-free and the temperature 
increases slightly, the density wnll also de- 
crease. Virtual temperature of air is that 
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temperature required to maintain its density 
constant if its water-vapor content is re- 
moved. Virtual temperature in air contain- 
ing water is always greater than existing 
temperature. 

T 

f = 

1 - 0.379p/P 

vvhcrc Tt, is the virtual temperature, t is the 
existing temperature, p is the vapor pressure 
of water vapor, and P is the total pressure of 
the air. 

VIRTUAL WORK PRINCIPLE. See equi- 
librium of forces on rigid body; least energy 
principle. 

VISCOSIMETER. An instrument for the 
measurement of viscosity, usually a practical 
instrument designed to measure relative 
values and not suitable for absolute measure- 
ments. 


VISCOSITY. The phenomenon of the gen- 
eration of stresses in a fluid by the distortion 
of fluid elements by the flow Tlie stresses 
act to oppose the distortion and to dissipate 
energy. The term is usually taken to mean 
a Newtonian viscosity. (See fluid, New- 
tonian; fluid, viscous; and immediately fol- 
lowing entries.) 


VISCOSITY, COEFFICIENT OF. If the 
stress tensor in an isotropie fluid is a linear 
funetion of the rate of strain, then 


Ptj = V 



where pij is the stress tensor. 



ilie rate of strain tensor, p is the hydros! at ie 
pressure, is the substitution tensor (- I, if 
i = j; =0 if 7 j). 

The constant coefficient, rj, is the ordinar>^ 
coefficient of viscosity, and the other one, f/, 
is the second coefficient of viscosity. The 
second coefficient describes effects that depend 
on volume dilatation. 


VISCOSITY, EYRING TREATMENT OF. 
Sec Eyring treatment of viscosity, 

VISCOSITY, INTRINSIC. The value ob- 
tained by extrapolating, to zero concentra- 
tion, the ratio of the specific viscosity of a 
solution te the concentration of the solute. 


VISCOSITY, KINEMATIC. The fluid vis- 
cosity divided by the fluid density. It meas- 
ures the kinematic effect of the viscosity, that 
is, the accelerations of the fluid arising from 
a given distortion. It may be regarded as 
the diffusion coefficient for vorticity and, to 
a lesser extent, for momentum. Typical 
values of the kinematic viscosity, denoted by 
V, are 


Water (20°C) 
Mercury (20°C) 
Glycerine (20 °C) 
Air (20"C, 760 mm) 


p = 0.0100 cm^ sec’"^ 

V = 0.001 18 cm^ sec-^ 
p = 6.8 cm^ sec”^ 
p = 0.152 cm^ sec""^ 


The cgs unit of kinematic viscosity is some- 
times called the stoke. 


VISCOSITY, MEASUREMENT OF. (a) 

Absolute methods: (1) Stokes law methods. 
These involve measuring the rate of fall under 
gravity of a small sphere m the liquid whose 
viscosity is retpiircd. A variant is to inoa&iirc 
the rate of ri«e of a small glass bulb. In 
either case, the viscosity 7; is given by 

— Pi) 


where^ r is the radius of the sphere or bull), 
P is the density of the si)hero or bulb, pj is the 
density of the liquid, V is the rate of fall or 
rise. 

(2) Cajnllaiy tube methods. These meth- 
ods apply the Poiseuille equation to the meas- 
urement of viscosity. The flow through a 
tube of known internal radius and length is 
measured for a known pressure difference be- 
tween the ends. 

(3) Rotating cylinder methods. The torque 
trynsinitted to a stationary inner cylinder 
w’^hen the outer one is rotated at constant 
speed is given by a simple equation involving 
tlie viscosity, provided the speed of rotation 
is not too high. This method is well-suited 
for precision measurement, as end effects may 
be eliminated by guard rings. 

(4) Oscillating disc method. A disc oscil- 
lating in a plane parallel and close to a plane 
surface undergoes a damping due to the vis- 
cosity of the intervening fluid. Knowing the 
dimensions of the apparatus and the rate of 
damping, the viscosity may be calculated. 

(b) Relative methods: Most of the abso- 
lute methods have been applied in simplified 



987 


Viscosity of Cases — Vision, Persistence of 


form to the measurement of relative viscosity, 
the apparatus being calibrated by the use of 
a fluid of known viscosity. For example, the 
Engler and Saybolt viscosimeters use the time 
taken for a sample of liquid to flow past a 
constriction in a U-tube as a measure of the 
viscosity. 

VISCOSITY OF CASES. A theoretical treat- 
ment similar to that used for the thermal con- 
ductivity of gases gives the relation 

V = Ipc\ 

where rj is the viscosity, p the density, c the 
mean molecular velocity, and A the mean free 
path. This formula indicates that the viscos- 
ity should be independent of the density (and 
therefore pressure), since p cc 1/A, and should 
increase as the square root of the absolute tem- 
perature T, since r oc \/ T, This is found to 
he approximately true except at high and low 
pressures. Measurement of rj may be used 
to deduce values of the mean free path and 
hence molecular diameter, with the introduc- 
tion of numerical factors given by more re- 
fined theory, (See thermal conductivity of 
gases, theoretical.) 

VISCOSITY, RELATIVE. (1) The ratio of 
the viscosity of a solution to the viscosity of 
the pure solvent. (2) The ratio of the vis- 
cosity of a liquid to that of another liquid 
taken as a standard. 

VISCOSITY, SPECIFIC. The specific vis- 
cosity of a solution is the ratio of the differ- 
ence between tlie viscosities of the solution 
and of the pure solvent to the viscosity of the 
pure solvent. 

VISCOSITY, THEORIES OF. (1) Gas ki- 
netic theory. Interaction between the mole- 
cules is supposed negligible except for the 
comparatively shoil time occupied in molec- 
ular collisions. The development of a shear 
stress in a velocity gradient is caused by the 
diffusive movements of molecules along the 
gradient, and the kinematic viscosity (see 
viscosity, kinematic) is of the same order of 
magnitude as the self-diffusion coeflScient, of 
order % c A (/^, the mean molecular velocity, 
A, the mean free path). 

(2) Imperfect solid theory. The yielding 
of a liquid to a shear stress is compared with 
the creep of crystalline solids at high tem- 
peratures. The rate of creep for a given stress 


depends on yielding along grain boundaries, 
which requires an activation energy derived 
from the thermal energy. The fluidity then 
increases witli temperature, roughly as 
where W is activation energy. The pos- 
sibility of extending this theory to liquids de- 
pends on the existence of short range order, 
or of clusters of liquid molecules correspond- 
ing to crystal grains. 

VISCOSITY, UNITS OF. The common 
metric unit of viscosity is the poise, which is 
equal to 1 dyne-cm *2 There is also the 
centipoise (0.01 poise). Another metric unit 
i.s the kg-wt-cm~- sec. English units are the 
Ibm ft~^ f?cc“' and the Ihf ft~^ sec. Many 
specialized units are used in engineering prac- 
tice, related to sjiecific inst'oiments for the 
mea'^urernent of viscority, c.g., Engler degree, 
Saybolt second. 

VISIBLE SPEECH. An electronic method of 
changing sjioken words into visible patterns 
that homeone can learn to read. 

VISIBILITY. That greatest distance toward 
the horizon at whicii an unaiderl normal eye 
can clearly distinguish prominent objects 
without aid of optical devices. In measuring 
visibility, officially, it is necessary that the 
value given exist over more than one-half the 
horizon. 

VISIBILITY FACTOR. For radiation of a 
given wavelength, the ratio of the luminous 
flux at that wavelength to the corresponding 
radiant flux. This factor depends on the sensi- 
tivity of the eye to light of different wave- 
lengths. It varies from zero at wavelengths 
less than about 4000 A, thronirh a maximum 
of about 660 lumens per watt at around 5500 
A, to zero again for wavelengths greater than 
about 7500 A. (Also called luminosity func- 
tion and luminous eflSciency.) 

VISIBILITY (OF FRINGES). The visibility 
of fringes is defined as 

I max I min 

Imax + I min 

where 7m«r is the maximum intensity of the 
fringe system and Imin is the minimum in- 
tensity. 

VISION, PERSISTENCE OF. The sensation 
in the retina does not cease at once when the 
stimulus is removed. For a brightness of 
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about a candle per square meter, the critical 
frequency beyond which no flicker may be 
detected is about 30 times per second. Tlie 
limit, however, dei)ends greatly on the condi- 
tions of observation, and particularly on the 
brightness alternation. 

VISUAL TRANSMITTER. See transmitter, 
visual. 

VISUAL TRANSMITTER POWER. See 
power, visual transmitter. 

VITREOUS STATE. When certain liquids 
are cooled fairly ra]udly, crystals do,not form 
at a definite teini)erature, but the viscosity of 
the Ikpiid increases .-steadily until a glassy 
substance is ol)taiu(‘d. A glass may be 
thought of as a disordered amorphous solid, 
or as a siqKTcooled licpiid which only dcvilri- 
(ies into the crystalline state after extremely 
long standing (llassc's are opticallv jsotropic, 
which explains their value in ojitical instru- 
ments. The pro])(‘rty of foruiiiig a glass is 
possessed pailieularly by lh(‘ oxides of silieon, 
boron, germanium, arseiiie, phosphorus, et( 




Two-dimensional diasram showing (A) an oxido of 
composition XoOa m ilio ciystallme form; and (H) 
the same oxide in the vitieous state 


and by many o\anie compounds, especially 
those containing several hydroxyl groups per 
molecule. (See figure.) 


VLF. Abbreviation for very low frequency. 

VOCODER. An instrument for the produc- 
tion of synthetic speech, employing recorded 
voice signals to actuate the system instead of 
the mechanical keys used by the voder. 

VODAS. The name apjilied to a two-way, 
radio-telephone transmission system employ- 
ing the same frequency for transmission and 
reception. Voice-operated relays prevent 
siinultaneous operation of transmitter and 
ree(‘iver. 

VODER. An instrument for the production 
of synthetic spec di, eiiqiloying a scries of 
electron tubes, controllable liy mechanical 
key‘^, to vary the frcciuency, intensity, quality, 
duration, growth and decay of tones. 

VOGAD. Abbreviation for voice-operated 
gain-adjusting deviee. A volume compressor 
or expandor. (See amplifier, volume-limit- 
ing.) 

VOGEL COLSON-RUSSELL EFFECT. See 
Russell effect. 

VOICE COIL. A coil of wire wound on a 
eyhudriciil jiaper form and attached to tlio 
throat of a direct radiator loudsp(*aker (see 
loudspeaker, direct radiator) or mieroiihone 
and used, in conjunction with a magnetic field, 
to (lri\e the cone of the lou(Upcak(T. 

VOICE FREQUENCY. See audio frequency. 

VOICE MECHANISM. Tlio entire system 
for the production of human spei'ch It con- 
sists of three parts: the lungs and assoeiat(‘d 
uiuscle.s for inaiutaming a flow of air, tlie 
larynx for eonverling the steady air flow into 
a pel iodic modulation, and the vocal cavities 
of the jiharynx, mouth and nose, which vary 
the harmonic content of the output of the 
larynx. 

VOIGT EFFECT. When a strong magnetic 
field IS applied to a vapor through whieli liglit 
is passing iieriieridieular to the field, double- 
refraction occurs. This phenomenon is asso- 
ciated with the Zeeman effect. 

VOIGT NOTATION. A notation used in the 
tlieory of elasticity, whereby the elastic con- 
stants and clastic moduli are labeled accord- 
ing to a scheme in wliich the pairs of letters 
xXj ijijy zzy yZy zXy and xy are replaced by the 
numbers 1, 2, 3, 4, 5, and 6, respectively. 
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Thus the elastic constants are the coefficients 
Sii, Si 2 , etc., in the following equations be- 
tween the strains etc., and the stresses 

Vj,, etc. 

Cj-j- == «^nXx + + 

+ Si5^j + 

^J/V ~ S2lXx + ^22^1/ + 

+ >^25^ J + •'?2flXy; 

^22 = *^3lX^ + ‘SaoTy + '^' 33^2 “h ^*^34 
+ *'35^1 + 

Cj/z = ^?4lXx + + •’’43^2 + SuVz 

+ •^4.')^.r "h S4f,A„; 

Czj = 551 + 552 + 5532^2 + 554 1 % 

+ 5r,r,Zx + 

exy = 5r)|A'x + 502^^ + 503^; + SQ4Y ^ 

+ So.fvZx + 

The (dastic moduli are the coefficients cn, C 12 . 
etc., in the inverse relations, i.c., 

Xx = <^ll^rr + + CiiiCzz + 

+ Ci:,C-j + CifiCry] 

Yy = <'‘2K’xr +■ ^'22f"vii + <^’23^22 + ^24^i/2 
"{■ '"2r/2T ^2r/'cj/> 

^2 = ^'3lOr + ^ 32 ^ yy + ^'33^22 + ^346^^ 

+ Oi5^2r + ^'3(/’ryI 

Yz = CiiCrr + ^42^’ V// + ^*13^*22 + ^•44^’y2 
+ ('xryf'zx + ^’4r.^a;v) 

== ^51^j:.r + f'32^yy + ^ 53 ^’,,^ + Cr^4(’yz 

+ C5r,c,j + C5f,Cxy; 

A", =- CoiCxr + ('e>2^ui( + ^t 3^’22 + <'(M^VZ 
~\~ zr ~\ ('{>(](’ 11 / ‘ 

VOLATILE. (1) Having a low boiling or 
subliming tcaiiperalure at ordinary pressure; 
in other words, having a high vapor jwessure, 
as ether, camphor, na])litlialeno, iodine, '‘hloro- 
fonn, beii/ene, or methyl chloride, (2) Tn 
computer terminology, the attribute of a 
inemoiy <levi(*e that information is lost in 
th(' event of a [)ower ml erriijitioii. 

VOLATILITY PRODUCT. The product of 
the concentrations oi two or more ions or 
molecules that react to i)roduce a volatile 
substance. The volatility jwoduct Is analo- 
gous to the solubility product, (‘xcejit that, 
when it i.s exceeded, the substance c.'^capes 
from the system by volatilization rather than 
precipitation. As with the solubility product, 
if any of the reacting ions or molcculcsdiave a 
numerical coefficient greater tlian one, then 
the concentration term of that ion or mole- 
cule is raised to the corresponding power. 

VOLT. A unit of electrical potential differ- 
ence, abbreviation V or v. (1) The absolute 


volt is the steady potential difference which 
must exist across a conductor which carries 
a steady current of one absolute ampere and 
which dissipates thermal energy at the rate 
of one watt. Tlic absolute volt has been the 
legal standard of potential difference since 
1950. (2) The International volt, the legal 

standard prior to lOoO, is the steady potential 
difference which must lie maintained across a 
conductor wliicli lias a n'sistancc of one Inter- 
national ohm and wliich earries a steady cur- 
rent of one Int^Ti.ational ampere. 

I Tfit. volt - 1 OOO.'t'^O Abs. volts. 

VOLT-AMPERE. The product of effective 
\oltage (see voltage, effective) and effective 
current (see current, effective) in an alternat- 
ing curnait load is its volt-ampere input. The 
real component El cos </> is the real power 
input, iiK^aMircd in watts. (</> is ihe phase 
angle betw(‘en the voltage and the current.) 
The reaetivc component PJI sin is tlic ‘‘re- 
active power” and is measured in “vans” 
(rolt-amperc, reactive). 

VOLT-SECOND AREA. That area under 
the ciirv(‘ of supply voltage vs. time which 
corresponds to the flux change in the core of 
a saturable reactor. 

VOLTA LAW. Sec contact potential differ- 
ence. 

VOLTAGE. Electromotive force or differ- 
ence of potential measured in volts. 

VOLTAGE, AMPLIFICATION. See ampli- 
fication, voltage, 

VOLTAGE ATTENUATION. The ratio of 
tlic magnitude of the voltage across the input 
of a transducer to the magnitude of the 
voltage delivered to a sp»'(*ifiefl load imped- 
ance connected to the transducer. If the 
input and/or the outlet voltage consist of 
inure than one component, such as multifrc- 
queney signal or noise, then the particular 
com|)onents used and their weighting should 
])C .s])ociried. By custom this attenuation is 
often expressed in decibels by multiplying its 
common logarithm by 20. 

VOLTAGE, COMPOSITE CONTROLLING. 

The voltage of the anode of an. equivalent 
diode, combining the effects of all individual 
electrode voltages in establishing the space- 
charge-limited current. 
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VOLTAGE, DECOMPOSITION (DIS- 
CHARGE POTENTIAL). The minimum 
e.ni f. required to cause steady electrolysis 
in a solution. In normal solutions of sulfuric 
acid and zinc sulfate it is 1.67 volts and 2.35 
volts, respectively. 

VOLTAGE DIVIDER. The ordinary three- 
terminal resistance is often used as a voltage 
divider. If no current is taken from the inter- 
mediate tap the voltages will be in proportion 
to the resistance included bctw'een the taps. 
In many applications a potentiometer is used 
as a voltage divider so the voltage may be 
adjusted by varying the position of the tap. 
If current is drawn from Ihe taj) the exact 
distribution of the voltage is altered but the 
total voltage applied across (he divider is still 



divided hciween the various sections The 
figure &ho\vs some typical arrangements 


VOLTAGE DOUBLER. A connection of 
condensers and rectifiers across an a-c source 
which gives a d-c out put voltage approxi- 
mately twice tliat of the normal connection. 
The exact value of the output voltage depends 
upon the load and for very high loads may 
not even ajiproach the theoretical double 
value. A circuit is shown m the figure On 



one half-cycle Ci charges through tube 1 
and on the other half-cycle C 2 charges through 
tube 2, the polarities being as shown on the 
diagram. It is seen then that the output 
voltage is the sum of the two condenser volt- 
ages. 

VOLTAGE FEEDBACK RATIO, TRANSIS- 
TOR. See transissor parameter hi 2 . 

VOLTAGE-GAIN EQUATION. See voltage 
amplification. 


VOLTAGE REGULATION. Automatic volt- 
age regulators are relied upon for maintenance 
of constant generator voltage. Alternator- 
voltage regulators have, for all practical pur- 
poses, become limited to four distinct types, 
the vibrating, the magnetic, the rheostatic, 
and electronic. D-c regulators are usually 
rheostatic. 

VOLTAGE REGULATOR TUBE. See reg- 
ulator tube. 

VOLTAGE, INVERSE PEAK. The peak 
voltage which may be safely impressed across 
an electron tube m the inverse direction, i e., 
with the anode negative and the cathode 
positive If this voltage rating of the tube is 
exceeded there is danger of the tube conduct- 
ing in the inverse direction (see arc back) and 
thus ceasing to act as a rectifier. In certain 
circuits this type of conduction will result in 
currents of destructive magnitude. 

VOLTAGE SATURATION. The condition 
which exists m a thennionic electron tube 
wlien the space current (for a given cathode 
temperature) cannot be increased»by further 
increase of electrode voltages (neglecting the 
increase due to the Schottky effect) The 
tube is said to be temperature limited when 
operating in the region of voltage saturation 

VOLTAGE, STARTING. For a counter 
tube, the minimum voltage that must be ap- 
plied to obtain counts with the particular cir- 
cuit with which it is associated 

VOLTAGE, SWEEP. The voltage producing 
the horizontal deflection (sweep) m a cathode- 
lay oscillograph, usually a linear, sawtooth 
Aoltag(' Also, the horizontal and vertical 
'‘s\^eep voltages’^ used to generate tlie scan- 
ning raster in a television receiver 

VOLTAGE, TIME-BASE. The sweep volt- 
age applied to a cathode-ray tube. 

VOLTAIC. Furni.shing an electric current. 

VOLTAIC CELL. See cell, voltaic. 

VOLTAIC CURRENT (VOLTAIC ELEC- 
TRICITY. VOLTAISM). Terms fonnerly 
used to designate the electricity furnished by 
the voltaic cell, before the identity of the 
electricity from different sources was recog- 
nized. 
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VOLTAMETER. A coulometer. 

VOLTERRA DISLOCATION. A model of 
a dislocation obtained by taking a ring of 
material, cutting it, displacing the cut sur- 
faces, and rejoining them. 

VOLTERRA EQUATION. Integral equa- 
tion of the first or second kind similar to 
Fredholm’s equation, except that the upper 
limit of integration is x, the independent vari- 
able. It may be homogeneous or inhomo- 
geneous. An example of the former type and 
of the first kind is the Abel equation. 

VOLTMETER(S). The usual instruments of 
this class differ from ammeters u&od on the 
same type of service in only one essential 
respect: they are of very high resistance. 
Therefore, when connected across the termi- 
nals between which the voltage is to be meas- 
ured, they take very little current and cause 
but a very slight drop in the potential differ- 
ence. The current through the voltmeter is 
proportional to the voltage, and the scale may 
therefore be graduated to read directly in 
volts. Instruments are made which, with the 
proper change in connections, serve either as 
voltmeters or ammeters, the scale having two 
graduations. For high voltages, the voltmeter 
is placed in series with a large resistance, 
called a multiplier, so that the potential dif- 
ference between its tenninals is a known frac- 
tion of the voltage under test. 

There are electrostatic voltmeters which 
may be used to measure electrostatic poten- 
tials of thousands of volts A common form 
resembles a gold-leaf electrometer of large 
size, but with a brass pointer swinging on a 
scale in place of the gold-leaf. 

VOLTMETER, AVERAGE. A meter whose 
indication is proportional to the half-wave 
average value or to the full-wave average 
absolute value of an alternating voltage. The 
more generally used full-wave voltmeter em- 
ploys some form of full-wave rectifier, as its 
name implies, and does not have turn-over 
error as does the half-w’^avc circuit. The in- 
struments are frequently calibrated in terms 
of the rms value of an assumed sinusoidal 
voltage. 

VOLTMETER, CORONA. A meter which 
uses as an indicator the known relationship 
between the magnitude of voltage, electrode 
spacing, and the start of a corona discharge. 


VOLTMETER, ELECTRODYNAMIC. See 
electrodynamometer. 

VOLTMETER, ELECTRONIC, PEAK- 
READING. Essentially some form of half- 
wave rectifier circuit which charges a capaci- 
tor to either the positive or negative peak of 
an electrical wave. Usually a d-c vacuum- 
tube voltmeter is used to measure the average 
value of their capacitor voltage. The meter 
is subject to 'dmn-over’' error in that it will 
give different readings, depending upon the 
actual connection employed, when measuring 
nonsinusoidal waves with different positive 
and negative peaks. The voltmetei's are fre- 
quently calibrated in terms of the rms value 
of an assumed sinusoidal voltage. 

VOLTMETER, ELECTROSTATIC. See 
electrometer. 

VOLTMETER, INVERTED. See amplifier, 
step-down. 

VOLTMETER, MOVING-IRON. A cheap, 
rugged, insensitive type of instrument much 
used at power frequencies. A soft-iron vane 
is deflected by the magnetic field of a coil 
across which the unknown! voltage is im- 
pressed. The meter has an approximately 
square-law response. 

VOLTMETER, PEAK-TO-PEAK. Essentially 
two peak-reading voltmclers used together in 
order to produce a reading proportional to the 
voltage difference separating the positive and 
negative peak of an electric wave. (See volt- 
meter, electronic, peak-reading.) 

VOLTMETER, RECTIFIER. A d-c meter 
movement, combined with a small bridge 
rectifier to make it respond to a-c. 

VOLTMETER, SLIDE-BACK. A voltmeter 

(usually electronic) in which the unknown 
voltage is compared to a calibrated, adjust- 
able voltage-source, the calibrated adjustable 
source being adjusted until equal to the un- 
known 

VOLTMETER, THERMOCOUPLE. A com- 
bination of a sensitive, low-resistance gal- 
vanometer, a thermocouple element, and a 
heating wire across w^hich the voltage is im- 
pressed, (See vacuum thermocouple (I).) 

VOLTMETER, VACUUM-TUBE. Com- 
monly a very high input impedance vollr 
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meter, utilizing the power gain of a vacuum 
tube for oiierating a suitable meter move- 
ment without loading the source of the volt- 
age to be measured. 

VOLTMETER, VACUUM TUBE, RESIST- 
ANCE MEASUREMENTS V^ITH. Since a 
vacuum-tube voltmeter can have a very high 
input impedance, it provides a simple means 
of measuring resistance by comparison with 
a fixed resistance The unknown resistance 
is connected in series with a fixed resistance 
and a fixed voltage. The voltage appearing 
across the unknown is a simple funckon of the 
unknown resistance, and the voltmeter scale 
can be made direct reading in ohms. 


VOLUME. (1) The space occupied by any 
body. It is definite for any specific tempera- 
ture and pressure. The metric units of vol- 
ume are the cubic centimeter and ,tlie liter. 
The volume of one gram molecule of a gas 
at standard temperature and pressure is about 
22.4 liters 

(2) The volume of a parallelepiped is often 
represented as a scalar triple product of three 
vectors, the edges of the solid. In calculus, 
the volume of a solid may be found by means 
of definite integrals, as follows: (a) If a plane 
perpendicular to the X-axis at a distance x 
from tlie origin cuts, from a given solid, a sec- 
tion whose area is A(j"), then the volume of 
that part of the solid between x = a and x = h 
is given by the definite integral 

V = f A(x)dx, 
da 

(b) Suppose the solid is that part of a right 
circular cylinder included between the XOY^ 
plane and the surface z~fix,y)y then its 
volume is given by the definite double integral 


1 


f(x,y)dxdij 


where the base of the cylinder is bounded by 
the curves x = axy x — y = hi, y = 62. 
(c). If the solid is divided into volume ele- 
ments, dr = dxdydz which are right prisms 
wdth base dxdy and altitude dz, the volume 
of the solid is given by the triple definite 
integral 



where the limits are determined by the bound- 
ary of the given solid. Vector methods are 
often useful (sec integral, volume). 

(3) The magnitude, as measured on a 
standard volume indicator, of a complex 
voice- frequency wave in an electric circuit. 
Tlie volume i^ expressed in volume units. 
In addition, the term “volume” is u'^ed loosely 
to signify either the intensity of a sound or 
the magnitude of an electrical w'ave. 

VOLUME ADVANTAGE FACTOR, In re- 
actor theory, the ratio 

<^a0 

where cr„o is the absorption cross section of 
(he fuel for ru'utrons at a given energy, anil 
(^^c7o)tff 1^ a function of the absorption cross 
section and ihe scattering cross section. 

VOLUME, CRITICAL. The \()Iume occu- 
pied hy one gram of a liquid or gaseous suh- 
.slaiKc at its critical temperature and critical 
pressure. 

VOLUME ELASTICITY OR BULK MOD- 
ULUS. lor an elastic substance Wie negative 
of the ratio ot the ('\ccsh pressure jiroducing 
coinjiression to the fractional change in vol- 
ume (or volume dilatation). (See bulk 
modulus.) 

VOLUME INDICATOR. A standardized in- 
strument having specified elootneal and dy- 
namic characteristics and read in a prescribed 
inanncT, for indicating the volume of a com- 
plex electric wave such as that corresponding 
to speech or music. The reading in volume 
units IS equal to the number of decibels above 
a reference level The sensitivity is adjusted 
so that the reference level, or zero volume 
units, is indicated when the instrument is 
connected across a 600-ohm resistor in which 
thcie IS dissipated a power of 1 milliwatt at 
1,000 cycles per second. 

VOLUME-LIMITING AMPLIFIER. See 
amplifier, volume-limiting. 

VOLUME, MOLECULAR (GRAM-MOLEC- 
ULAR VOLUME). The volume occupied by 
a gram molecule of any substance. It is 
equal to the product of the specific volume 
by the molecular weight. 

VOLUME, REFERENCE. That magnitude 
of a complex electric wave, such as that cor- 
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Volume, Standard — Vorticity 


responding to speech or music, which gives a 
reading of zero volume units on a standard 
volume indicator. 

VOLUME, STANDARD. The volume oc- 
cupied by one gram molecular weight of a 
gas at 0°C and a pressure of 1 stamlard at- 
mosphere. (See atmosphere, standard (1).) 

VOLUME UNIT (VU). A quantitative ex- 
l)ression for volume in an electric circuit. The 
volume in vu is numerically equal to ihe 
number of decibels which cx])resscs the ratio 
of the magnitude of ihe waves to the magni- 
tude of reference volume The term vu should 
not be used to exi)ress results of measurements 
of complex weaves made with devices having 
characteristics differing from those of the 
standard volume indicator. 

VOLUME VELOCITY. The rate of flow of 
the medium through a ‘pecified area due to 
a sound Ava\c. Tlie terms ‘instantaneous 
volume velocity/’ “effective volume velocity,” 
“iiiaxinmin volume velocity,” and “])eak vol- 
ume V(‘locity'' have meanings which corre- 
s})ond with those of the related terms used 
for sound pressure. 

VOLUMETER METHOD FOR GAS DENS- 
ITY. The gas is contained in a large globe 
of known volume, and its pressure measured 
at a krunvn tcauperature The gas is then 
transferred to a small bulb (r,g , by absorp- 
tion on charcoal in the bulb at a low tem- 
perature), and the waaght of gas found as 
Ihe difTerence between two C(mipara1ively 
small quantities, thus avoiding tlie difficulty 
of w’cighing the large glolie. An altenKativc 
method is to transfer the gas from the small 
bulb to the large bulb. 

VON NEUMANN-WIGNER RULE. See 
non-crossing rule. 

VON WEIMARN EQUATION. An expres- 
sion foi the rate of formation of particles of 
colloidal size from smaller particles such as 
ions and molecules. It has the form: 



in which Vi is the initial rate of “condensa- 
tion” or coalescence, fc is a constant, Pi is 
the condensation pressure, and P* is the con- 
densation resistance. 


VORTEX LINE. (1) A line everywhere 
parallel to tlie local direction of the vorticity. 
Tn an incomf)re.ssible, inviscid fluid, vortex 
lines are convccted by the fluid. (2) A line 
of concentrated vorticity such as are found 
trailing from tlie free end of an aerofoil. 
Since vorticity is a solenoidal vc'ctor, the di- 
rection of tlic voi*ticity is parallel to the line. 

VORTEX MOTION. The motion of a fl\iid 
w'ilh non-zero vorticity. AVe may distinguish: 
(1) Motion in wdii h the vorticity is confined 
to small regions of s])ace, i.e., aerofoil and 
boundary • layer theory, motion of isolated 
vortices. (2) Alotion in wliich the vorticity 
is everyivlicre nearly the same, i.e.. small 
perlurbations of a unifomily rotating fluid. 

Viscrni'^ motion (4) Rundomly distrib- 
uted \nrticity, i.e., turbulent motion. 

VORTEX MOTION, TAWS OF. In an in- 

\iscid, inconipressihle fluid, vorticity is eon- 
vected by the fluid and tlu‘ Kelvin circulation 
theorem slunvs that th(‘ strength of vortex 
lubes remains constant. So fluid ivith vor- 
ticity nmiains distinct from fluid wdth no 
vortieily, Iiowtvct the flow develops. If the 
fluid is i iseoiis, the Lagrangian rate of change 
of vorticity is given by 

cIo)i 

rU OjTj 

where oh, Ui are tlie componciits of vorticity 
and flow \eIocity parallel to O-o. anr! v is the 
kinemalic viscosity. From this it f()lIow%s that 
if a floiv starts from rest, vorticity can only 
be produced by diffusion from the flow bound- 
aries where vortex sheets arc found. 

VORTEX RING (OR GOLLAR VORTEX). 

The motion a.-^sociMled wdth a clo.sed circular 
vortex line of concentrated vorticity. Ring 
vortices form wheiK'ver fluid is given a local 
impulsive movement, e.g , smoke rings or 
ground explosions. 

VORTEX, STATIONARY. A vortical mo- 
tion steady in space and time. The standard 
exam])1e is the two stationary eddies found 
heliind a cylinder placed In a stream of vis- 
cous fluid. Allot! ler is the bound vortex 
trailing from the wdng-tip of an aircraft. 

VORTICITY. The vector obtained by taking 
the curl of the flow velocity. It is also the 
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antisymmetric part of the velocity gradient 
tensor dujdxj (Ui is the component of the 
velocity parallel to Oxi). It measures the 
rate of rotation of the fluid, e.g., in a uni- 
formly rotating fluid the vorticity is twice 
the angular velocity. 


VOWEL ARTICULATION. See articula- 
tion, vowel. 

VTVM. Abbreviation for vacuum-tube volt- 
meter. 

VU. See volume unit 



w 


W. (1) Work [w or W). (2) Net work func- 
tion, electronic (ttO, gross work function, elec- 
tronic (Wg). (3) Water vapor content (w;). 

(4) Watt (le). (5) Radiant flux density, or 

irradiancc (W). (6) Tungsten (wolfram) 

(W). (7) Transverse acoustical dis])lace- 

ment (iv). (8) In spectroscopy, w’idc (w) , 

very wide {W). 

WADSWORTH MOUNTING. A device 
which operates as a const ant-deviat ion prism. 
(Sec prism, constant-deviation.) The Wads- 
worth mounting is comi)osed of a prism and 



Spectrum Scanned by Changing Angle <t 


a plane mirror. This is a common mounting 
for infrared spectrometers, in wdiich some in- 
frared detector is placed outside of an exit 
slit. (Sec also Littrow mounting, in which 
the radiation, after reflection by the plane 
mirror, again passes through the prism.) 

WAGNER GROUND. An addition U) alter- 
nating cuiTcnt bridges (such as the Wien 
bridge) that is necessary to reduce errors 
when high impedances are involved. It con- 
sists essentially of two additional bridge arms 
which effectively balance the original bridge 
with respect to ground. 


suj)plant the Bureau of Standards candle. 
Deliiied as tlie luminous intensity of Icin^ 
of a black body at the melting i>oint of 
platinum. 

WAKE. The region behind a body moving 
througlu a fluid witliin whicli most of the 
effects of the luidy on the motion of the fluid 
are concentrated. 

WALDEN RULE (WAT.DEN EMPIRICAL 
EQUATION). A ndatioiisiiip betw^een the 
equival(‘iit conductance at infinite dilution of 
a given el(‘etrolyte, Ao, and the viscosity of 
the solvent, 

AoVo == constant. 

This nile has many limitations, and is most 
clo*>ely obeyeil by ions of the type NR*'^ , 
\\h(*re R is a relatively large radical. 

WALL ENERGY. Tl.e energy (per unit 
area) of the boundary between oppositely 
oTunted ferromagnetic domains. 

WATER, CONDUCriVITY. Water of ex- 
ceptional jiurity, prepared by repeated dis- 
tillation, and used in electrical conductivity 
measurements of aqueous solutions. 

WATER, CONSTANTS OF. Temperature of 
maximum density, 1°C; viscosity (20°C), 
1 OUS eentipoise; thennal conductivity, 6 30 X 
10 ^ wall cm”’ elecineal conductiv- 

ity, 0 04 X 10 ^ ohm ^ cm“'; dielectric con- 
stant, 81.1; ionization constant, 1.2 X 10““^; 
hydrogen ion concentration, 1 X 10“'^. 

WATER SPOUT. Funnel-shaped tornado 
cloud at sea or over water of lakes or rivers. 
It is the equivalent of a tornado but does not 
usually reach the same violence. 

WATT. A unit of power, abbreviation W or 
w. The rate of energy consumption or con- 
version when one joule of energy is consumed 
or converted per second. 


WAIDNER - BURGESS STANDARD. A WATTHOURMETER. An integrating me- 
standard of luminous intensity designed to ter for measuring and/or recording the elec- 
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trie energy used during a period; in otlier 
words, the product of power and time. 

WATTHOURMETER, COMMUTATOR- 
TYPE. Ebsentiaily an elcctrodynamio watt- 
meter (see wattmeter, electrodynamic) incor- 
porating a commutator, so that it becomes 
a motor whose torque is proportional to load 
power By adding an eddy-current brake, its 
speed becomes proportional to power; hence 
a revolution counter indicates energy, usually 
in watthours. 

WATTHOURMETER, INDUCTION. An 
a-c watthourmetcr comi)n‘-ing a prt'cision in- 
duction motor with magnetic braking. 

WATTHOURMETER, MERCURY. A d-c 
motor tyjie of meter (cf watthoiiimeter, com- 
mutator-type) in winch commutator friction 
is almost eliminated by using a eoppor-dise 
rotor (Barlow^ wheel) connected via a mercury 
I)ool. 

WATTHOURMETER, POLYPHASE. A 

pair of single-phase wattliourinetcr elements 
connected to a single shaft. (Cf. wattmeter, 
polyphase.) 

WATTMETER(S). A nieler for measuring 
l)ower, which usually has two coils, one fix(*d, 
the other capable of turning in the field of the 
first, both coils being without iron cores The 
fixed coil is coimt’cled in series wdth the main 
circuit, so as to carry the whole current (or 
a knowm fraction of it, as dcteriiiintd by a 
shunt in d-c circuits or by a current trans- 
former in a-c circuits). Tlie movable coil, 
which is of high resistance, is connected across 
the terminals of the ‘doad,” that is, that por- 
tion of the circuit in wdnch the powTr is to be 
measured, and the small current in the coil 
is therefore pro])ortional to the voltage be- 
tween these terminals. This coil turns against 
a hairs])ring, and since the tongue is jiropor- 
tional to the product of the instantaneous 
values of the cun-ents in the two cods, it is 
])roportional to the product of the main cur- 
rent by the terminal voltage, that is, to the 
recpiircd pow^r. The scale may therefore be 
graduated directly in watts. 

WATTMETER, ASTATIC. An eloctrody- 
namic wattmeter (see wattmeter, electrody- 
namic) designed te be insensitive to uniform 
external magnetic fields. 


WATTMETER, COMPENSATED. An elec- 
trodynamic wattmeter (see wattmeter, elec- 
trodynamic) wdth an added reversed “current 
coif’ arranged to compensate for the current 
drawm by the voltage coil. This arrangement 
is needed when the load has a small power 
factor. 

WATTMETER, COMPOSITE-COIL. An 

electrodynamic wattmeter (see wattmeter, 
clcctrodynamic) in which the torque pro- 
duced by the alternating current being meas- 
ured is balanced by an adjustable direct cur- 
rent applied to an auxiliary coil. 

WATTMETER, ELECTRODYNAMIC. An 
electrodynamometer having its fixed coil (cur- 
rent coil) in series with the load, and its mov- 
able (\oltage) coil connected across the load 
The r(‘sulting deflection is proportional to the 
average power. 

WATTMETER, ELECTRONIC. A watt 
meter comprising matched, square-law elec- 
tronic voltmeters. One voltage is tliat ap- 
pcaring across the load, tlie other is obtained 
from an TR drop in the line By proper cir- 
cuit arrangement, tlie combination can bo 
made to yield the piodiict of (he lw*o applied 
\o!tages, hence the powHT 

WATTMETER, ELECTROSTATIC. A 
quadrant electrometer can be used as a watt- 
meter. A resistor carrying the load current 
provid(‘s a potential difl'iTence for the quad- 
rant pairs. The load voltage is applied to 
the needle 

WATTMETER, POLYPHASE. Three-phase 
jiower can be measured using tw’o single-phase 
wattmeters, and adding readings. By using 
a single shaft for the twm movements, the 
separate torques can be added mechanically, 
yielding a three-phase w'attmetcr. 

WATTMETER, THERMOCOUPLE. A 

matched-pair, double-thermocouiilo watt- 
meter, one junction heated by the load volt- 
age, the other by the load current 

WATTMETER, TORSION-HEAD. An elec- 
trodynarnic wattmeter (see wattmeter, elec- 
trodynamic) in which the deflection is reduced 
to zero by counter-rotation of the torsion head 
holding the torque spring. Such hand bal- 
ancing of the torque makes the instrument 
slow in use, but considerably more jirecise 
than the deflection type of instniment. 
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WAVE. A diyiurbance whi(*h is propagated 
in a medium in such a manner tliat at any 
point in the medium tlie displacement is a 
function of the time, while at any instant the 
displacement at a point is a function of the 
j)Ohiiion of the point. Any physical quantity 
which has the same relationship to some in- 
dej)ondcnt variable (usually time) that a 
})r()pagated disturbance lias, at a particular 
instant, with respect to space, may be called 
a wave. In this definition, displacement is 
used as a general term, indicating not only 
mechanical displacement, but also electric dis- 
placement, etc. In short, a wave is a time- 
vaiying quantity which is also a function of 
position; for example, any time-varying volt- 
age Of current in a network is often called a 
wave. Other examples of weaves are: (1) 
wave on the surface of a liquid, in which the 
disturbance is the displacement of any par- 
ticle in the surface from its equilibrium posi- 
tion: (2) acoustic wave, in which the disturb- 
ance is the change in pressure from its equi- 
librium value tit any point in a material me- 
dium (fluid or -«olid); (3) eh'ctromagiietic 
wave, in which the disturhance is the change^ 
in the electric and magnitude field iniensities 
from their equilibrium values in space. The 
first two types are known as meehanical 
waves, since the propaguted disturhance in- 
volves mol ion of a medium. 

WAVE ACOUSTICS. The analysis of acous- 
tical problems under tlie assumption that 
sound tra\els in waves through a three-di- 
mensional, bounded space. 

WAVE AMPLITUDE. The magnitude of 
the maximum change from equilibrium of the 
disturbance characterizing the wave 

WAVE ANTENNA (BEVERAGE AN- 
TENNA). See antenna, wave (beverage an- 
tenna). 

WAVE, BACKWARD. A wave propagating 
in a negative direction, as in the reflected 
wave in a mismatched transmission line. 

WAVE CIRCUITS, SLOW. A microwave 
circuit designed to have a phase velocity con- 
siderably below the speed of light. The gen- 
eral application of such waves is in traveling- 
wave tubes. (See traveling-wave tubes, cir- 
cuits for.) 

WAVE, CIRCULAR-ELECTRIC. A trans- 
verse electric wave (sec wave, transverse elec- 


tric) for which the lines of electric force form 
concentric circles. 

WAVE, CIRCULAR-MAGNETIC. A trans- 
verse magnetic wave (see wave, transverse 
magnetic) for which the lines of magnetic 
force form concentric circles. 

WAVE, CIRCULARLY-POLARIZED. An 

electromagnetic wave for wlucli the electric 
and/or the magnetic field vc'ctor at a point 
de.‘^cril) 0 s a circle. This term is usually ap- 
plied to traiisv* '"SC w'avi's. (See also sound 
wave, circularly polarized.) 

WAVE, CIRCITiATING. A wave of wfliich 
(he equiphase surfaces are half-planes issu- 
ing fioin an axis, calli*vl the axis of circula- 
tion. Sucli waves are possible onh in non- 
dissipative media. 

WAVE, COMPRESSIONAL. A wave in an 
elastic •meduiin which (‘auses an element of 
the medium to change its volume with()iit 
undfTgoing rotation. (1 i Malhernatically, a 
wave v\h()se intensity field has zero curl. (2) 
A conqin'SMonal plane w:ne is a longitudinal 
w^ave (See wave, longitudinal.) 

WAVE(S), CONTINUOITS OR CW. Waves, 

the successive oscillation^ of wliich are iden- 
tical under steady-state conditions. 

WAVE, CONVERGING. A splierical wave 
(m'C wave, spherical) which is traveling in 
the direction of decreasing radius. 

WAVE CONVERTER. S( e waveguide con- 
verter. 

WAVE CREST. The position of maximum 
positive disturbance in a pi'ogressivc wave. 
(See wave, progressive; wave trough.) 

WxWE CYCLONES. Cyclones which de- 
velop in th(‘ temperate zone are wavi » on 
frontal surfaces, in contrast with trojiical 
(yclones in which fronts arc not prominent 
features. Cyclones develop more frequently 
along a polar front than any other ]ilace, but 
they also appear on the intcr-tropical front 
and on other minor fronts. It is on the polar 
front, however, that w'ave cyclones develop 
into major storms and climax their life as 
large-scale vortices. 

WAVE, CYLINDRICAL. A wave whose 
equiphase surfaces form a family of coaxial 
or confocaJ cylinders. 
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WAVE(S), DAMPED. A term ordinarily 
uyecl to designate electric waves which de- 
crcuscj in amplitude with time. In any oscil- 
latory circuit which contains resistance (and 
all practical ones will) the oscillations will 
be dissipated in resistance losses, and the am- 
plitude of the oscillations will gradually de- 
crease unless energy is continually added to 
the circuit. When energy is added to over- 
come this dissipation and maintain the ampli- 
tude constant, continuous waves result. A 
condenser discharging through an inductance 
will give rise to damped wave's, and this was 
the basis of the old spark radio transmitters 
where the spark gap initiated the discharge 
and the oscillations continued until all the 
energy had been dissipated. Since these waves 
are not as effective for radio transmission as 
the continuous ^aves, and since they give 
rise to interference by virtue of their broad 
frequency band, they are no longer used for 
this purpose. 

WAVE, DECIMETRIC. See decimetric 
waves. 

WAVE, DIFFRACTED. When a wave in a 

medium of certain propagation characteristics 
is incident upon a discontinuity or a second 
medium, the diffracted wave is tlie wave com- 
ponent that results in the first medium in ad- 
dition to the incident wave and the waves 
corresponding to the reflected rays of geo- 
metrical optics. 

WAVE, DIRECT. The wave which travels 
from the transmission source to the })oint of 
reception without reflection or refraction. 

WAVE DISPLACEMENT. Sec wave. 

WAVE DISTURBANCE. See wave. 

WAVE, DIVERGING. A s}diei ieal wave (see 
wave, spherical) which is traveling in the 
direction of increasing radius. 

WAVE, DOMINANT. The guided wave hav- 
ing the lowest cut-off frequency. It is the 
only wave which will carry energy when the 
excitation frequency is between the lowest 
cut-off frequency and the next higher cut-off 
frequency of a waveguide. 

WAVE DUCT. V waveguide. 

WAVE, ELASTIC. A wave in which the dis- 
turbance IS a change in some property of an 


elastic material medium (e.g., pressure, den- 
sity). This is a mechanical wave. 

WAVE, ELECTRIC. Sec electric oscillations 
and electric waves. 

WAVE, ELECTROMAGNETIC. A wave 
cliaraeterized by variations of electric and 
magnetic fields. Electromagnetic waves arc 
known as radio waves, heat waves, light 
waves, etc., depending on the frequency. 

WAVE(S), ELECTROMAGNETIC PLANE, 
BASIC TYPES. The three basic tyjics of 
electromagnetie plane wave are: (1) Trans- 
verse electromagnetic (TEM) — -Both the E 
and H components of the field lie in the plane 
that is transverse to the direction of propa- 
gation. (2) Transverse electric (TE) — The 
E field lies wholly in the plane that is trans- 
verse to the direction of propagation, whereas 
the II field does not. (3) Transverse mag- 
netic (T^Nl) — The H field lies wliolly in the 
plane that is transverse to the direction of 
propagation, whereas the E field docs not. 

WAVE, ELLIPTIC ALLY-POLARIZED. An 

electromagnetic wave (see wave, electromag- 
netic) for which the electric and/or I he mag- 
netic field vector at a point describes an 
ellipse, (vSee also sound wave, elliptically 
polarized.) 

WAVE, ENERGY DENSITY. The total en- 
ergy (kinetic plus potential in the (‘ase of a 
mechanical wave) per unit volume in the 
medium traversed by the wave. The average 
energy density multiplied by the wave veloc- 
ity (for a harmonic progressive wave) is the 
intensity of the wave. (See wave intensity.) 

WAVE EQUATION. The partial differential 
eqiKition of wave motion. If $ denotes the 
quantity characterizing the propagated dis- 
turbance, the equation in rectangular coordi- 
nates has the form 

dx^ dy^ 

where V is the velocity of the wave. Actually 
the above is the wave equation for waves that 
suffer no dissipative attenuation. More gen- 
erally the wave equation is written in the form 
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where V" is the Laplacian operator, which 
may be expressed in a variety of coordinate 
systems. 


WAVE EQUATION, FORMS OF. (1) A 

form of the general wave equation, useful for 
solving problems in acoustics, is the follow- 


d^4> 

di^ 


/d^4> d^<t) 

dy^ 


+ 


S)=» 


where <t> is the velocity potential and c is the 
velocity of sound propagation. 

(2) For problems in light, the general wave 
eciuation may be written as 


wIktc fi is the refractive index, c is the phase 
vc'locity and q is the displacement. 

For a plane wa\'e moving in the .r-direction 
without attenuation: 

/t X 

q = a sin 27r I 5 

^ \T X 

\Ahere q is the displacement, a, the amplitude, 
7’, the period, X, the wavelength, /, the time 
variable, .r, the space variable, and 5 the epoch 
angle. 

WAVE FILTER, (1) A transducer or net- 
work for sci)aratiug waves on the basis of 
tlu'ir Irecpiency. It intioduces relatively 



(c) W) 

Simple wave-type filters for reject inp uiiwanted com- 
ponents from vuiious waves ns follows- (a) TEqi ; 
(b) TEii; (c) TMoi; fd) TEoi Foi notnlion ^ee 
wave, TE; and wave, TM. (bv iierniission from 
“Principles and Applications of A\nveii:indc Tnin'’- 
missions” by Soiithwnith, C'opvn^lit 1950, D. Van 
Nohtrand Co . Inc ) 




small insertion loss to waves in one or more 
frequeruy bands, and relatively large inser- 
tion loss to waves of other frequencies. (2) 
Another usage of the term wave filter, or wave 
tyjio filter, is for a filter which acts primarily 
upon the mode rather than the frequency of 
the wave. The examples indicate four varie- 
ties and the modes they suppress. 

WAVE, FLEXURAL, A wave in an elastic 
medium whicli causes an element of the me- 
dium to change its volume and simultaneously 
to undergo rota. ion. 

WAVE^^ORM. In a specific usage in eom- 
inunicalion^, a current or voltage considered 
as a function of time in a rectangular coordi- 
nate system. 

WAVEFORM AMPIJTUDE DISTORTION. 

Nonlinear distortion in the siK'cial case where 
tile desired relationship is direct j^roportion- 
ality ]1l't^^eo^l in[)ut and output. Nonlinear 
distortion is also sometimes called amplitude 
dislorlion. 

WAVE, FREE PROGRESSIVE (FREE 
WAVE). A wave in a medium free from 
boundary effects. A free wave in a steady 
state can only he approximated in practice. 

WAVE FREQUENCY. In the case of har- 
monic waves the frec|U(‘ney is the nurnl>cr of 
wave crests wliicli pass any given point in 
s])ace in unit time. It is the recijirocal of the 

period. 

WAVE FRONT. A surface at all of whoso 
points the phase of the wave has the same 
value at a given instant. Wave i)ropagation 
can he thought of as tlie motion of a wave 
front tliroiurh a medium. 

WAVE FRONT, PLANE. If the loci of 
j)oints of constant plv ot a beam of ladia- 
tion are i)ar;iIlL‘l planes, the wave front are 
called ‘‘plane” and the radiation is spoken 
of as 

WAVE FRONT, SPHERICAL. As radiation 
from a point source pas^^es through a uniform 
mcfliurn, the loci of points with tlie same phase 
will he a series of eoneentrie spheres. The 
radiation tra^el.s always normal to these 
^pliere.^ or waAc fronts. 

WAVE FUNCTION. The solation of a dif- 
ferential or partial differential equation for 
wave propagat ion through a medium. 
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WAVE FUNCTION, ADJOINT. See adjoint 
wave function. 


WAVE FUNCTION OF A BOND. See 
orbital. 

WAVE FUNCTION, SCHRODINGER. A 

function a:(T) of the coordinulos that detor- 
minea the state of a syatem and satisfies the 
Schrodinger wave equation, II x -- ihdx/dt, 
where II is the Hamiltonian operator and 
i = V— 1- For a particle or a plioton, the 
square of tlie wave function is proportional 
to tlie probability that the particle will be 
at a particular point at a iiarticular time. 


WAVE(S), GRAVITY. Surface waves whose 
mol ion is controlled by gravity and not by 
surface tension. Tn a liciuid of depth h and 
density p, the w’ave-\elocity of gravity waves 
of wavek’ngth A is 


c 


g\ 2Trh 

- lanh-* 
27r X 




WAVE, GROUND. A radio wave that is 
propagated over the earth and is ordinarily 
aff(‘cted by the })resence of the ground and 
the troposphere. The ground wave includes 
all comiionents of a radio w^avo over the earth 
excei)t ionospheric and tropospheric waves. 
The ground wave is lefracted because of vari- 
ation^ in the dielectric con'^taiit of the tropo- 
^j)her(*, including the condition known as a 
surface duct. 


WAVE, GROUND-REFLECTED. A wave 
reflect(‘d one or more times from the earth's 
surface before reaching the point of recep- 
tion. 


WAVE(S), GROUP VELOCITY OF. The 

velocity with which (Ik* enveloi)e of a group 
of w'av(‘s of neiizhboring frc(|uencies travels in 
a medium in which the phase velocity is a 
function of frequency. It is 

dc 

G = c - X— » 
d\ 

and is usually identical with the velocity of 
energy propagation (c is wave velocity at wave- 
length X). 

WAVEGUIDE. A system of material bound- 
aries capable of guiding waves. 

WAVEGUIDE BRIDGE SECTION (HY- 
BRID). ? 3 e magic tee; rat-race; micro. ^ave 
Wheatstone bridge. 


WAVEGUIDE CONNECTOR. A mechan- 
ical device for electrically joining separable 
parts of a waveguide system. 

WAVEGUIDE CONVERTOR. See transi- 
tion element (1). 

WAVEGUIDE, DIELECTRIC. A wave- 
guide consisting of a dielectric structure. 

WAVEGUIDE FILTER. A filter composed 
of waveguide components. 

WAVEGUIDE, FIN. A waveguide contain- 
ing a thin, metallic longitudinal fin. The fin 
is generally apidicd to the circular w^aveguido 
as a means of increasing the w^avolength 
range over whi(‘h the waveguide may be 
operated. 

WAVEGUIDE FREQUENCY FILTER. See 
waveguide filter. 

WAVEGUIDE HYBRID JUNCTION. S( e 
refennees under waveguide bridge section 
(hybrid). 

WAVEGUIDE IRIS. See iris. 

WAVEGUIDE, MATCHED. A waveguide 
having no reflected wave (see wave, reflected) 
at any transverse section. 

WAVEGUIDE MODE SUPPRESSOR. A 
filter, of correct waveguide dimensions, winch 
tends to supiiress undesirable modes of jiropa- 
gation in the waveguide. 

WAVEGUIDE PHASE SHIFTER. A flevice 
fur adjusting the phase of a particular field 
component (or current or voltage) at output 
of device relative to the phase of that field 
component (or current or voltage) at the 
ininit. It may consist, in its simplest form, 
of merely a variable-length section so that 
the traveled path may be* modified. Another 
method of obtaining a variable jdiase shift 
is to insert a slab of low-loss dielectric into 
the waveguide as shown in the figure. The 





Diolertric phase shifter (By permission from '^Micro- 
wa\e Theory and Techniques” by Reich et al., Copy- 
right 1953, D. Van Nostrand Co., Inc.) 
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electrical length of the guide appears longer 
as the strip is moved towards the center, be- 
cause of the decreased phase velocity which 
accompanies such a move. 

WAVEGUIDE PLUNGER. In a waveguide, 

a longitudinally-movable obstacle which re- 
flects essentially all the incident energy. 

WAVEGUIDE POST. In ji waveguide, a 

cylindrical rod ])Iaced in a transverse ]dane 
of the waveguide and behaving siihi^tantially 
as a sliunt susceptance. 

WAVEGUIDE RADIATOR. An (jpon-endrd 
waveguide. For purposes of matching and 
directivity, the open-ended guide is custoin- 
arily fitted with a horn. 

WAVEGUIDE RESONATOR (RESONANT 
ELEMENT). A waveguide device primarily 
int('nded for storing oscillating eh'ctromag- 
nolic energy, 

WAVEGUIDE, RIDGE. A niodifieation of 
a n'ctangnlar \vaveguide, which may have 
eith('r a single or flouhle ridge. Tlie ridge or 





U a' >\ 

a — > 

(b) 

(a) Sinple nd^e wavppiiide, (b) doiiblf'-nclgp \v.i\o- 
guide' (By permission from "Microvv.ivc Tin ory Jind 
Techniques” by Reich ct ah, Copyright 1953, D. Van 
Nostrand Co., Inc.) 

ridges act as a uniform, distributed-capaci- 
tance loading, and therefore reduce the char- 
acteristic impedance of the waveguide, and 
lower its phase velocity. 

WAVEGUIDE RING. See rat-race. 


WAVEGUIDE SLUG TUNER(S). Quarter- 
wavelength long-dielectric slugs inserted into 
the waveguide for tuning purposes. In order 
thal the wide.st variation of load conditions 
may lie matched, two slugs, variable in posi- 
tion and dc])th of penetration, are usually 
employrd. 

WAVEGUIDE, STUB. An auxiliary .section 
of waveguide with an essentially nondishipa- 
tive termination and joiiusl at some angle 
with th(' main action of waveguide. 

WA\ EGUIDE STUB TUNER. A waveguide 

timing lor detuning) (le\ iec* eon^'isling of a 
})i.'^ton in a short pieee of jiijic eonnectial to 
the waveguide. Its dimensions and })lacement 
on the waveguide are such that changing the 
plunger position modifies the su.sceptance 
seen hy the wnivegnide 

WAVt;GUinE SWITCH. A waveguide com- 
])onent capable of switching w’avcguido ])ow^er 
from one branch to another. As examples, 

see resonaiit-chambcr switch and resonant- 
iris switch. 

WAVE(;UIDE, TAPERED. A waveguide in 

whicii a |)liysi(‘al or electrical characteristic 
change^ continuously wdth distance along the 
axis of the guidi*. 

WA\T:GU1DE TEE. A junction used for 
th(' purpose of comu'cting a branch section 



Series toe (above); shiiiit tei (ludow) (Bv permis- 
sion from “Microwave Tlieory and Techniques” by 
Reich ct ah, Copyiight 1953, 1) Van Nostiand Co., 
Inc.) 

of waveguide in series or parallel with the 
main waveguide transmission-line. 
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WAVEGUIDE, TRANSFORMER. A device, 
usually fixed, added to a waveguide for the 
purpose of imj)cdance transformation. 

WAVEGUIDE TUNER. An adjustable de- 
vice added to a waveguide for the purpose 
of iinjicdance transformation. 

WAVEGUIDE TWIST. A waveguide sec- 
tion in which there is a progressive rotation 
of the cross section about the longitudinal 
axis. 

WAVEGUIDE, UNICONDUCTOR. A 
waveguide consisting of a metallic surface 
surrounding a uniform dielectric medium, 
(bnimon cross-seclional shapes are rectangu- 
lar and circular. 

WAVEGUIDE, UNIFORM. A waveguide 

in winch the physical and electrical character- 
istics do not change with distance along the 
axis of the guide. • 

WAVEGUIDE WAVELENGTH. For a 
traveling plane-wave at a given frequency, 
the distance along the waveguide between 
jioints at which a field component (or the 
voltage or current) differs in phase by 27 r 
radians. 

WAVE, GUIDED. A wave whose energy is 
concentrated near a boundary, or betwa'cn 
substantially parallel boundaries, sepaiating 
materials of different properties, and whose 
direction of propagation is eff('ctively parallel 
to these boundaries. 

WAVE, HARMONIC. A wave in wdiich the 
disturbance at any point in space through 
which the wave is propagated varies sinu- 
soidally with the time Specifically if the 
w’avc is a plane harmonic wave in the x-direc- 
tion, the disturbance | is given by 

{ = A sin {cot — kx) 

wdiere A is the wave amplitude, w = 27 r/ (where 
/ is the frequency) and fc = u/V (where V is 
the wave velocity). (Cf. wave propagation.) 

WAVE, HORIZONTALLY POLARIZED, A 
linearly polarized wave whose electric field 
vector is horizontal. 

wa\t:, hybrid electromagnetic 

(HEM WAVE). An electromagnetic wave 
having components A both the electric and 
magnetic field vectors in the direction of 
propagation. 


WAVE IMPEDANCE. The ratios of appro- 
priate components of electric field strength, 
E, to those of magnetic field strength, H, arc 

often called wave impedances, by a useful 
generalization of a network concept. 

WAVE(S) IN A ROD, TORSIONAL, VE- 
LOCITY OF PROPAGATION OF. For a 

homogeneous bar of circular cross-section, the 
velocity of propagation, c, in cm/scc is given 

by 



where Y is the Young modulus in dynes/rm^, 
p is the density in gm/cm^, cr is the Pois- 
son ratio. 

WAVE, INCIDENT. In a medium of cer- 
tain propagation characteristics, a wave wdiich 
imping(‘s on a discontinuity or a medium of 
flitterent propagation characteristics. 

WAVE INTENSITY. The average rate of 
flow of energy in the direction of piopagation 
per unit area of the wave front. (Cf. wave 
energy density.) ^ 

WAVE INTERFERENCE. The variation of 
wave amplitude wuth distance or time, caused 
by the superposition of tw^o or more waves 
As most eoinmoiily used, the term refers to 
the interference of weaves of the same or 
nearly the same frequency. Wave interfer- 
ence is characterized by the phenomenon of 
the occunence of local maxima and minima 
of wave amplitude wdiich cannot be described 
by the ray approximation to solutions of tlie 
w'ave eciuation. In terms of Huygens ap- 
proximation, interference can occur whenever’ 
wave disturbance can be propagated from a 
source to a region of space by two or more 
paths of different length. There is (destruc- 
tive) interference if the phases and ampli- 
tudes of the disturbances arriving by the 
various routes are such as to reduce the square 
of the resultant amplitude below the sum of 
the squares of the amplitudes of the compo- 
nents. Two or more sources may only be 
used if there is a fixed phase relation betw^ecn 
them, i.e., if they are sources of coherent 
radiation. 

WAVE, IRROTATIONAL. An elastic wave 
in which the curl of the vector displacement 
from equilibrium vanishes. A plane irrota- 
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tional wave is longitudinal. (Sec wave, longi- 
tudinal.) 

WAVE, KINETIC ENERGY DENSITY. The 

kinetic energy per unit volume in a medium 
traversed by a mechanical wave. It is a func- 
tion of time and space. 

WAVE, LEFT - HANDED (COUNTER- 
CLOCKWISE) POLARIZED. An ellipli- 
cally-polarized, transverse electromagnetic 
wave in which the rotation of the electric field 
vector is counter-clockwise for an observer 
looking in the dircclion of propagation. 

WAVELENGTH. Of a periodic wave in an 
isotropic medium, the perpendicular distance 
between two equiphase surfaces m whicli the 
displacements have a difference in pha^c of 
one complete period. Otherwise phrased, the 
wavelength is the “space period” of a wave, 
i.c , the least translation distance that leaves 
the wave invariant. 

In a harmonic wa\e the wavelength is the 
di‘-lance between any two [loinls at vliioh the 
phase at the same instant differs bv 27r, s])e- 
cifically if the wave is a plane harmonic wa\(‘ 
in the .r-direction with angular fn‘(|uen(‘y <o, 
so (hat the disturbance has the form 

sin (co/ — /i\r) 

(he wavelengtli is 

X = 2t//\ = 27rV^oj 

where V is the wave velocity. 

WAVELENGTH ASSOCIATED WITH 
ONE ELECTRON-VOLT. By combining the 
basic relation of quanliim theory that the 
energy of a photon is the Planck constant 
multiplied by the frequency, with the energy 
which an electron recei\es in falling tlirougn 
one volt of potential difference, tht*rc results 
a wavelength associated with one electron- 
volt of 12,395 X 10- « era (Birge, 1941). 

WAVELENGTH, COMPLEMENT ARY. f 1 ) 

The wavelength of light of a single frequency 
(practically, a narrow band of frequencies), 
which matches the reference standard light 
(usually white light) when coinbi/ied with a 
sample color in suitable proportions. The 
wide variety of purples whicli have no domi- 
nant wavelengths (see wavelength, domi- 
nant) including nonspectral violet, purple, 
magenta, and nonspectral rod colors, are 


specified by use of their complementary 
wavelengths. (2) A wavelength represented 
by a point on the chromaticity diagram, 
which lies at the intersection of the spectrum 
locus with the straight line connecting the 
sample point and the achromatic point. The 
intersection on the same side of the achro- 
matic point as the sample is the dominant 
\\avelength, that en the opposite side is the 
complement aiy wa velengt h 

WAVELENGTH CONSTANT. The wave 
equation: 

// J \ 

• q — a sill 27r ( b 5 ) 

\T \ J 

is sometimes written as 

/2t 2ir \ 

o = a sin ( — t x + € 1 • 

\t \ J 

2r 

— -= the “angular velocity” or “angular 
27r 

frequency.” — k is called the wm’elcngth 
X 

coii'-laiii or, sometimes, the •wa\e number or 
wa\e parameter. 

WAVELENGTH, CROVA. See Crova wave- 
length. 

WAVELENGTH, CUT-OFF (OF A UNl- 
CONUUCTOR WAVEGUIDE). See cut-off 
wavelength. 

WAVELENGTH, DOMINANT. Th nt w a ve- 
il ngth of specti ally-pure light which, when 
mixed with white light, matches the chro- 
niaticity of a given sample 

WAVE, LINEARLl POLARIZED. At a 

point in a liomogoneous, isotropic medium, a 
trunsAcrse electiomagriclic wave whose elec- 
tric field vector at all limes lies along a b.xcd 
line. 

WAVE, LONGITUDINAL. A wave in which 
the dnection of displacement ‘at each point 
of the iiudiuiii is normal to the wave front. 

WAVE, MATTER. See de Broglie wave- 
length; Schrodinger wave equation; wave 
mechanics. 

WAVE MECHANICS. Wav^' mechanics is 
a more or less direct outgrowth of the quan- 
tum theory, and an integral part of quantum 



Wavemeter — Wave Phase 


984 


mechanics. The fact that radiant energy 
(light, x-rays, etc.) is certainly emitted by 
atoms or molecules and is as certainly done 
up in parcels, called quanta, the magnitude 
of each of which is definitely associated with 
a vibration or wave frequency of some kind, 
leads one to inquire what there is about an 
atom or the electrons in it that has to do wdih 
vibrations or waves. The now classic Davis- 
son-Germer experiment gave most conclusive 
evidence that electrons actually do have wa^(‘ 
characteristics even wlien flying freely through 
spac(* (or at least wdicn they strike and re- 
bound from sometliing like a crystal), and 
that, again, the energy of their motion is ex- 
pressible in terms of a wave or vibration fre- 
(pieney. Even whole atoms arc reflected by 
crystals as if thev were waves, as showm iiy 
the experiments of Ellctt, Olson, and Zahl 
Such facts have given rise to the idea that 
perhajis all physical processes are, in tlio last 
analysis, wave processes, with frequencies or 
wavelengths appropriate to the (pianta into 
which the energy divides itself Instead of 
being particles whieh revolve in orbits like 
planets, the electrons in the atom, according 
to tliis conception, become \^ave trains rever- 
berating like sound in a eloscfl room, and 
sotting up stationary interference jiatterns 
roi r(‘" ponding to the stationarv quantum 
states. It is of such boldly ica olutionary con- 
cepts that the new w’ove mechanics is built. 
The mathematical formulation of the theory 
has been developed largely by de Broglie and 
by iSchrodinger. 

WAVEMETER. A device for determining 
(he vavelciigth (frequency) of an electric 
wave (See wavemeter, absorption, as one 
example.) 

WAVEMETER, ABSORPTION. A device 
which utilizes the charart eristics of a resona- 
tor which cause it to absorb maximum energy 
at its resonance frequency when loosely cou- 
pled to a source The absorption wavemeter 
consists of some form of calibrated resonator, 
a device for detecting resonator energy (volt- 
age, current), and some means of lightly- 
coupling the w^avemeter to the unknown 
source. The measurement process consists of 
providing coupling, adjustment of resonator 
for maximum energy-indication, and observa- 
tion of the point a. v^hich the calibrated reso- 
nator is set, which vill be the unknown fre- 
quency. 


WAVE MOTION. See wave. 

WAVE NORMAL. The curves of a family 
normal to the cquiphase surface of a wave 
are called wave normals. The equiphase sur- 
faces are those satisfying 4>(x,^,2) = constant 
for the wave A Wave 
normal may also be defined as a unit vector 
normal to an cquipliase surface, with its posi- 
tive direction taken on the same side of the 
surface as the direction of propagation. In 
isotropic media, the wave normal is in the 
direction of propagation. 

WAVE NUMBER. The reciprocal of the 
wavelength in a harmonic wave. vSome au- 
thors use 27r/A instead of 1/A in this sense. 
(See wave parameter and wave constant.) 

WAVE PARAMETER. The quantity 27r/A, 
commonly symbolized by k (See also wave 
number and wave constant.) 

WAVE PATH, TANGENTIAL. In radio 
wave propagation over tlu* earth, a path of 
propagation of a direct wiivo, which is tan- 
gential to the suifacc' of the earth The tan- 
gential wave j)ath is cu^^ed by atmosj)horic 
refiaetion. 

WAVE PERIOD. In a lu xnuonic va\e the 
time l)(‘h\('eu attainnidil ol successne ina\i- 
nmiu di^tui bailees at tin' same place. Tlu' 
reeiproeal of tlie frequency. 

WAVE, PERIODIC. A \va\e in whieli the 
disturbance repeats itscll in equal interval 
of time at each point of space and at e(iual 
intervals of space at each given instant of 
time. 

WAVE, PERIODIC EI.ECTROMAG- 
NETIC. A wave in wdiich the electric field 
vector is repeated in detail in either of two 
ways: (1) At a fixed point, after the la])se 
of a time known as the period, (2) at a fixed 
time, after the addition of a distance known 
as the wavelength. 

WAVE PHASE. Tlie argument in the wave 
function. Thus in the general arbitrary pro- 
gressive vave function fix — Vt) the phase 
is a: — Vt. For a harmonic plane w^ave in 
which the disturbance has the form sin 
(oit — kx), the phase is o>i — kx. Here o is 
the angular frequency = 27r/, w^herc / is the 
actual frequency, k = 27r/A, where A is the 
wavelength. 
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WAVE(S), PHASE VELOCITY OF. The 

velocity with which a point of constant ])hase 
is propagated in a progressive sinusoidal 
wave. 

WAVE, PLANE. A three-dimensional wave 
depending only upon time and one rectangu- 
lar, spatial coordinate. The equiphase sur- 
faces are planes. In other words, a jdane 
wave is a wave whose equiphase surfaces form 
a family of parallel jdanes. 

WAVE, PLANE-POLARIZED. At a point 
in a homogeneous isotropic medium, an elec- 
tromagnetic wave whose electric field vector 
at all times lies in a fixed plane which con- 
tains the direction of propagation. (See also 
.sound wave, plane-polarized.) 

WAVE, POTENTIAL ENERGY ASSO- 
CIATED WITH. Any unit volume of an 
(‘lastic medium traverscHl l)y a wave will 
possess at a given instant a certain total en- 
ergy, called the energy density This will he 
inad(‘ up of two parts: (1 ) the kinetic imorgy 
density, which i.s simply onc-half the product 
of the ma.ss density and the square of the in 
stantaneous particle velocity and (2) the ]io- 
tential energy density wliich is the energv p(*r 
unit volume due to tlie (*lastic distortion of 
the medium (eg., coiiqiressiou or rarefaction). 
The general form of the fiolcntial energy 
density is one-half the product of an afipro- 
priate elastic modulus ana the sqnan^ of the 
instantanc'ous strain associated with the wave 
disturbanee. 

Tlie product of the lime average ^ f the total 
energy density and the velocity of ])ro])aga- 
tion is the intensity of the wave. (See wave- 
intensity.) 

Strictly speaking, the concept of potenMal 
energy density of a wave applies onlv to elas- 
tic waves, where actual motion of a material 
medium is involved. 

WAVE POTENTIALS. A sinusoidal, elec- 
tromagnetic wave of angular frequency oj can 
he expressed as deprived from four wave po- 
tentials: 

(1) The magnetic vector potential, A. 

(2) The electric vector potential F, 

(3) The electric scalar potential 

V-A 

V = - - . • 

(7 -f- .?u?t 


(4) The magnetic scalar potential 


The field is given liy 

E - -iu^)uA - VT^ - V X F 

11 - V X A - vr - ((T + 

WAVES, PROGRESSIVE. Traveling waves, 
as op])osed to stationary waves. (Sec wave, 
standing.) 

WAVE PROJECTOR. An antenna. 

WAVE, REFLECTED. When a wave in a 
medium of certain propagation characleris- 
lics is incident upon a discontinuity or a sec- 
ond medium, the wave component tliat re- 
sults in the first medium in addition to the 
incident wave. (See wave, incident.) 

WAVE, REFRACTED. That part of an inci- 
d(‘iit wave (see wave, incident) which travels 
froju one medium into a second medium. 

WAVE(S), REINFORCEMENT OF. Inter- 
ference of waves (see wave(.s), interference) 
when the square of tlie resultant amplitude 
exceeds the sum of the siiuares of the ampli- 
tudes of the compontmls. 

WAVE, RIGHT-HANDED (CLOCKWISE) 
POLARIZED. An elIiptically-])olarized. 
transverse electroiiiagnetic w^ave in wdiicli the 
rotation of the electric field vector is clock- 
wise for an observer looking in the ilireetion 
of propagation. 

WAVE, SAWTOOTH. A periodic wave 
wliose amplitude varies, Nuhstantially linearly 
with time, between two values, the interval 
required for one direction of progress being 
longer than that foi tlie other. 

WAVE SHEAR (ROTATION WAVE). A 
wave in an elastic medium w'hich causes an 
element of the medium to change its shape 
without a change of volume. Mathemati- 
cally, a wave whose velocity field has zero 
divergence. A shear plane wave in an iso- 
tropic medium is a transverse w^ave. (See 
wave, transverse.) 

WAVE, SIMPI.E HARMONIC. A wave in 

which the disturbance at any place is a sim- 
ple harmonic function of the time. Specific- 
ally for a simple harmonic wave of angular 
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frequency <i> traveling with velocity V the 
disturbance ( has the form 

/ a* 

f = A sin y 

(See wavelength.) 

WAVE, SOLENOIDAL. A wave in which 
the divergence of the vector quantity repre- 
senting the disturbance vanishes identically. 
A plane solenoidal clastic wave is a trans- 
verse wave. (See wave, transverse.) 

WAVE, SPACE. A wave reaching the recep- 
tion point which is made up of ground-re- 
flected and direct waves. • 


WAVE, SPHERICAL. A wave whose equi- 
phase surfaces form a family of concentric 
spheres. 


WAVE(S), SPHERICAL, INCIDENT ON A 
THIN LENS. 

Ill /I 1\ ‘ 

- = - + - = 1) f j. 

f p q Vi rj/ 


Here p and q are the radii of curvature of the 
incident and refracted light, and vo hre the 
radii of curv’ature of the first and secf)nd sur- 
faces of the lens and n is tlie index of re- 
fraction of th(‘ material of the lens with re- 
spect to the medium in which it is immersed, 

WAVE(S), SPHERICAL, REFLECTION AT 
A PLANE SURFACE. S])h(‘rical waves after 
reflection at a plane surface arc again spher- 
ical waves about a new center, as far behind 
the reflecting surface as ihe source (real or 
virtual) of the original sj)herical waves was 
in front of the surface 


WAVE(S), SPHERICAL, REFRACTION AT 
PLANE SURFACE. Spherical waves re- 
fracted at a plane boundary between two 
transparent media are again spherical waves, 
but with the larger radius of curvature in the 
more dense medium (See Robertson, Intro- 
duction to Optics, 4th Eel., page 31 ff.) 

WAVE, STANDING. A w’ave disturbance 
w'hich is not progressive, i e., one in w^hich any 
component of the field can be specified as a 
function of position multiplied by a sinus- 
oidal function of time. Standing waves result 
from the superposition of two waves travel- 
ing in opposite directions, having identical 
amplitudec and frequencies. Thus, if two 
plane waves, both having amplitudes A, wave- 


length A, and frequency /, are traveling in 
opposite directions along the x-axis, their 
combined effect at the position x and at time 
t is 


y 


A sin 27r 



+ A sin 2ir 



2tx 

= 2A sin 

X 


cos 2irft 


The points x = n\/2 {n an integer) , at which 
bin 27rj/A = 0, show no disturbance and are 
knowm as nodes (1). The disturbance is 
maximal at t = (2?? + ] )A/4, and such points 
are called antinodes or loops. 

WAVE, STANDING, RATIO. See wave, 
standing, voltage ratio. 

WAVE, STANDING, VOLTAGE RATIO. 

Th(' ratio of the maximum to the minimum 
voltage of the standing wave. (See wave, 
standing.) 

WAVE, STATIONARY. See wave, standing. 

WAVE(S), SURFACE. (1) Waves of distor- 
tion on the free surface separating two fluid 
phases, usually a liquid and a gas ^r vapor 
ol low density The waves are classed as 
gra\itational waves or ripples, depending on 
whether gravity or surface tension is the con- 
trolling force in their motion. (2) An electro- 
magnetic wave component traveling parallel 
to the earth’s surface. (Also called the 
ground wave.) 

WAVE, TE,,,n (IN CIRCULAR WAVE- 
GUIDE). In a hollow circular metal cylinder, 
the transverse electric wave for wdiich m is the 
number of axial planes along which the nor- 
mal component of the electric vector vanishes, 
and n is the number of coaxial cylinders (in- 
cluding the boundary of the waveguide) along 
which the tangential component of electric 
vector vanishes TEon waves are circular 
electric waves of order n. The TEo i wave is 
the circular electric wave with the lowest 
cut-off frequency. The TEi.i wave is the 
dominant wave. Its lines of electric force are 
approximately parallel to a diameter. 

WAVE, TE„, n (IN RECTANGULAR WAVE- 
GUIDE). In a hollow rectangular metal cyl- 
inder, the transverse electric wave for which 
m is the number of half-period variations of 
the electric field along the longer transverse 
dimension, and n is the number of half-period 
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variations of the electric field along the shorter 
transverse dimension. 

WAVE, TIDAL. (1) A gravitational wave 
in the sea or the atmosi)here induced by gravi- 
tational or thermal effects of the moon or sun. 
(2) A gravitational wave in which the vertical 
movement of fluid particles is negligible com- 
pared with the horizontal movement. For 
water waves, this requires tliat the wave- 
length should be large compared with the 
depth of water, /i, and the wave (and group) 
velocity is 



WAVE, (IN CIRCULAR WAVE- 

GUIDE). In a hollow circular metal cyl- 
inder, the transverse magnetic w'ave for winch 
w IS the number of axial planes along which 
the normal component of the magnetic vector 
vanishes, and n is the number of coaxial cyl- 
inders to which the electric vector is normal 
TMon waves are circular magnetic waves of 
order n. The TMo,i wiive is the circular mag- 
netic wave w'ith the lowest cut-off frequency. 

WAVE, TM,„ „ (IN RECTANGULAR WAVE- 
GUIDE). In a hollow rectangular metal cyl- 
inder, the transverse magnetic wave for whicli 
III is the number of half-jienod variations of 
the magnetic field along the longer transverse 
dimension, and n is the numln'r of half-period 
variations of magnetic fie’ ’ along the shorter 
transverse dimension. 

WAVE TRAIN. The series of waves pro- 
duced by a “vibrating’^ body is cahed a train 
of waves. 

WAVE-TRAIN SHAPE. Waves in general 
are not simple single frequency and pha-{*, 
sine (or cosine) w\aves, but are combinations 
of a number of ov^ertones Mipcrimj)i » il on a 
fundamental. Hence a plot of the amplitude 
vs. distance along the wave may liave almost 
any shape, but is properly single-valued and 
continuous, with continuous derivatives. 

WAVE, TRANSMITTED. AMien a wave in 
a medium of certain jiropagation character- 
istics is incident upon a di‘^contmuity or a 
second medium, the forw''ard trawling wav’^e 
that results in the second medium. In a 
single medium the transmitted w^ave is tliat 
wave which is traveling in the forward direc- 
tion. 


WAVE, TRANSVERSE. A wave in which 
the direction of displacement at each point 
of the medium is parallel to the equiphase 
surface. 

WAVE, TRANSVERSE ELECTRIC (TE 
WAVE). In a homogeneous isotrojuc me- 
dium, an electromagnetic wave in which the 
electric field vector is eveiywhere perjx^n- 
dicular to the direction of propagation. 

WAVE, TRANSVERSE ELECTROMAG- 
NETIC (TEM WAVE). In a homogeneous 
isotropic medium, an electromagnetic wave in 
which ]:)oth (ho electric and magnetic field 
vectors are eveiywhere perpendicular to the 
direction of propagation. 

WAVE, TRANSVERSE MAGNETIC (TM 
WAVE). In a homogeneous isotropic me- 
dium, an electromagnetic wave in which the 
magnetic field vector is everywhere perpen- 
diciilaf to the direction of propagation. 

WAVE TRAP. Sec trap. 

WAVE, TRAVELING PLANE. A plane 
wave each of whose frequency components 
lias an exiionential variation of amplitude and 
a linear variation of phase in the direction of 
propagation. 

WAVE TROUGH. A ])oint of minimum (al- 
gebraic) value of tlie disturbance in a pro- 
gressive \\ave. ()i)])osite of wave crest. 

WAVE, UNIFORM CYUNDRICAL. A 
wave whos(' equiphase surfaces form a family 
of coaxial cylinders, with the wave amplitude 
the same at all points of a given equiphase 
.surface. 

WAVE, UNIFORM PLANE. A piano wave 
m which the electric and magnetic field vec- 
tors liavc constant amplitude over the equi- 
phase surfaces. Such a wave can onlv be 
found in free space at an infinite distance 
from the source. 

WAVE VELOCITY OR PHASE VELOC- 
ITY. A plane wave has a velocity uniquely 
defined as the reciprocal of the phase slow- 
ness. The wave velocity is thus the velocity 
with which the displacement profile of a 
sinusoidal progressive wave travels In three 
dimensions, the reciprocal of the magnitude 
of the (vector) phase slowness is the speed 
of the wave along a wave normal, and is often 
called phase velocity. 


Wave-velocity Surface — Wedge Photometer 
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WAVE-VELOCITY SURFACE. An ellipti- 
cal surface used to indicate the difference in 
the velocity of the ordinary and the extraor- 
dinary ray of radiation in different directions 
in a double-refracting crystal. (Sec double 
refraction.) 

WAVE, VERTICALLY-POLARIZED. A lin- 
early-polarized wave whose magnetic field 
vector is liorizontal. 

WEAK COUPLING. See coupling, weak. 


It has an irregular singular point at oo and 
occurs in solving the wave equation in para- 
bolic cylindrical coordinates. It is a special 
case of the confluent hypergeometric equa- 
tion and its solutions arc confluent hyper- 
geometric series. 

WEBER LAW. A psychophysical relation- 
ship wliich states that the minimum percep- 
tible differenc(‘ between the physical magni- 
tudes of stimuli is a constant fraction of one 
of them. 


WEAK ELECTROLYTE. See electrolyte, 
weak. 

WEAK EQUALITY, Equality between two 
operators which does not imply that the 
Poisson bracket with any operator of the dif- 
ference between them is zero. 


WEDDLE RULE. A procedure for numeri- 
cal integration. If yo, V\, IVj, ’ ‘ Vv, are the 
values of y = j{x) at seven equally-spacefl 
valiH'S of .To, Xi, ' ' ' f Xq and h — Xi — Xj, then 



(Vi) + + y2 + 0 ?/;, 


WEATHER. All the atmospheric phenomena 
occiirring for sliort periods such as hodrly or 
daily. Thu^, existing phenomena constitute 
weather, while the average weather o\er long 
periods of time constitutes climate. 

WEATHER ANALYSIS. Synoptic wtather 
reports recei\ed from a lelatnely large area, 
i e., ])art of a continent, or part of the wmrld, 
are plotted on a w^eather chart in a systematic 
manner The chart is then analyzed in such 
a manner that fronts, isobars, isallobars, iso- 
therms, precijiitation areas, clouded areas, 
and air masses are indicated Also, foreca'^t 
movements of prominent features are usually 
indicated. 

WEATHER PHENOMENA, OROGRAPIII- 
CAL. See orographical weather phenomena. 

WEATHERING OF CLASS. The surface 
c}i(‘mical attack and change in glass due to 
exposure to the atmosphere. Weathered glass 
is apt to give mueli more trouble due to gas- 
sing when used in vacuum apparatus than is 
fresh glass. 

WEBER. The mksa unit of magnetic flux. 
It is that flux wdiirh, when linked with a single 
turn, generates an electromotive force of one 
volt in the turn, as it decreases uniformly to 
zero in one second 

WEBER DIFFFRENTIAL EQUATION. 

The second-order piation 

y' (n + ] - lx^)y = 0 . 


+ Vi + 5?/5 + ye) + li 

wdierc i? is a remainder term, giving the error 
in the value of the integral 

WEDGE. (1) A simple machine in the form 
of a triangular prism The theoretical me- 
chanical advantage is tlie ratio of the length 
to the base (2) In television, tliose ])ortions 
of a test pattern containing a scries of lines 
which cqn verge at one end, this (md generally 
po'-itioiied at the center of the pattern. 

WEDGE LINE. A line diawm svmmotrically 
in a w^edge of pressure along which the iso- 
bars are curved anticyclonically and sym- 
metrically. W(*(ige lines or wedges or pres- 
sure are elongated anticyclones and are al- 
w’ays U-shaped, in contrast to trough lines 
wdiich often are V-shaped. 

WEDGE PHOTOMETER. In the many 
forms of bench photometer, the illuminations 
or luminous flux densities from tlie two sourc('s 
to be compared are made ccpial by regulating 
the relative distances. In photometers of the 
w^edge tyjic, the same object is accomplished 
by pushing into the beam from the brighter 
source a graduated wedge of absorbing mate- 
rial until its intensity is cut dowm to equality 
with that from the other source The scale 
reading on the wedge indicates tlie ratio in 
w'hieh the flux density has been reduced, and 
lienee the luminous intensity ratio of the two 
sources. It is highly important that the ab- 
sorbing wedge shall be “neutral,*^ that is, not 
selective as to wavelength, in its absorption; 
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otherwise there will be an alteration of color 
as well as of total intensity. 

WEIERSTRASS ELLIPTIC FUNCTION. 

The elliptic integral 

_ dL 

Jx y/ 4 /'^ — g^t — </3 

defines x as a function of ?/, where (/l* and ( 7 a 
are parameters. The quantity x = p{u) is 
the Weierstrass elliptic function. It is doubly 
periodic, has double poles, and satisfies the 

differential equation 

0 " !<.» - 

WEIGHING METHODS. The use of a bal- 
ance for measuring masses is somctliing more 
than the mere jilacing of er]ual weights on tlie 
two pans. The clmi reasons are that the re- 
finement rcciuired often goes beyond (he Miuill- 
est v\(‘iglits m any set, and tliat the arms of a 
balance are never exactly c‘(]ua] in length. 

The former condition is commoidy met hy 
the use of a '‘rid^'r,” a small weight (nsnally 
1 milligram) sliding along a scale on itic 
beam. 1die most aiiprovod pr()ce<hire, how- 
e\er, makes use of the known sensibility of 
the balance*, expressed in divisions of tin* 
pointer scale per unit excels weight on one 
})an. The arm iinnpialit}" may he allowed for 
hy the snhstitiition methui, in which the ob- 
ject to be weighed is first counterpoised, or 
nearly so, and then replaced by kno 'ui w<*ights 
on the same pan, the small diKereiice in 
I)ointer reading being noted and the ditTerence 
in w('iglit computed from it. 

lk)th difficulties can he met at once by ihe 
method of “double weighing’' The object is 
first placed on the loft pan arul weights ncaiiy 
equal to it on the right, flio resiiltiO ' r>ointor 
reading being ?'i The object and weights aie 
now interchanged, willi pointer reading r.. 
Then if the sen<=:ihility of the lialance is and 
if the weight'^ used total a value tlie weight, 
of the object is given by 

U - ro 
W w + 

2.S 

The sensibility is, in general, a function of 
the load, and before jirecise weighing is at- 
tempted, a table or a graph should be pre- 
pared from which .s can lie obtained from the 
value of w. When the pointer is used, it 


Weierstrass Elliptic Function — Weight 

should not be allowed to come to rest, but its 
equilibrium position should be deduced from 
the extremes of its small oscillation (see 
damping) . 

It is of course presumed in any case that 
the errors of the weights themselves have been 
accurately determined. Due allowance must 
also be made in precise weighing, for the 
buoyancy of the air. or rather for the differ- 
ence of Die buoyant force on tlu* ohject to be 
weiglu'd and tluif on the weights in the oppo- 
site pan. If t- e weights are mainly of brass 
(density S4 g env^), the corrected or “vac- 
innn" weight an object of volume V (cm®), 
^^eighed in air of density p (g/cm**), is 

wliere \V is the nncorrected result of the 
weigln^ig. Under ordinary laboratory confli- 
tions, the value of p is ai)proximateIy 0.00119 
V ^em®, giving 0 99986 as the eoc'fiicieut of W 
m the alxne fornmla. 

WEIGHT. The force with which a body is 
al traded tenvard Ihe (‘arib; the product c)f the 
mass of a body and the acceleration attrib- 
utable to gravity. The force of 980 dynes is 
the Aveight of one gram at tlie place whore the 
acceleration of gravity equals 9S0 cni/sec^. 
The value of tin* acceleration duo to gravity 
increases slightly from equator to pole so that 
the A\ eight of a body varies according to its 
geographical location. The mass o^ a body, 
howovt‘r, is (‘onstant. 

In Anew of the difficulty, under most cir- 
enmstanees, of determining mass directly, 
masses arc commonly ddennined in chemical 
<)[)erations by comparison of the AATight of the 
unknown mass with tlie av eight of known 
masses, a process called Aveighing, which in- 
A^olves, in very cacenrate work, certain (‘orrec- 
tions or methods to aAHiid the necessity for 
those corrections. (Pee weighing methods.) 

Although the aboA’e definition is satisfac- 
tory m most cases, some ambiguities in the 
meaning of the term “wciglit" may arise, and 
various authors differ in its use. For ex- 
ample, the weiglit of a solid object submerged 
in a fluid less dense than itself may be said 
to be cither the same as that of the body in 
air or equal to the weight in air less the 
buoyancy. Some writers speak of the latter 
as the apparent Aveight. An even finer dis- 


Weight, Combining — Weizsacker-Williams Method 
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tinction arises when we ask whether the weight 
of an object is the gravitational force on it, 
or whether it is that force added vectorially 
to the centrifugal force resulting from the 
earth’s rotation. Because of the wide variety 
of usage, one must often judge from context 
as to the exact meaning of the terra in doubt- 
ful instances. 

WEIGHT, COMBINING. (EQUIVALENT, 
REACTING, OR SYMBOL WEIGHTS.) The 

number of parts by weight of any element 
which can enter into combination with one 
part, by weight, of hydrogen or eight pvrts, by 
weight, of oxygen, or the atomic weight divided 
by the valence. Where an element jiossesses 
more than one valenec the equivalent weight 
will depend upon the sense in which the ele- 
ment is reacting In ferrous salts the equiva- 
lent weight of iion is 27 925 (55.85 -f- 2) and 
in ferric salts it is 18 613 (55 85 -^3), The 
equivalent weight of a com[)Ound is its molec- 
ular weight di\idc(l by the valence of its prin- 
cipal element. 

WEIGHT, MOLECULAR. The weight of a 
molecule of any substance referred to a stand- 
ard. By inteiTiational agreement the base for 
this standard is the atomic weight of natural 
oxygen taken as 16. (However, in the so- 
called “physical” atomic weight the basis is 
the oxygen isotope of mass number 16, and 
not natural oxygen, which consists of isotopes 
of ma«5S numbers 16, 17, and 18.) Chemical 
molecular weights are therefore less than 
physical molecular w^oights by a factor 

16.0000 _ 1 00000 

16.00 U "" 1 00028 * 

WEIGHTING. (1) The artificial adjust- 
ment of measurements in order to account 
for factors which, in the normal use of the 
device, would othei'wuse be different from the 
conditions during measurement. For evam- 
l)le, background noise measurements may be 
w^eighted by applying factors or by introduc- 
ing networks to reduce measured values in 
inverse ratio to their interfering effects, (2) 
When several different determinations of the 
same physical quantity have been made, the 
more accurate of the measurements shouM 
be counted mo^e 1 ^^avily than the less accu- 
rate in estimating 'he most probable value 
of the quantity. Thus, if qi, q 2 . etc., are the 
individual values, the most probable value is 


WiQi -j- W2q2 + • • • 

q , 

^1 + ^ 2 -] 

where iCi, tcg, etc., are weighting factors. The 
tlieory of the propagation of errors shows that 
the weighting factor for any individual de- 
termination IS inversely proportional to the 
s(iuare of the uncertainty of that determina- 
tion. The (piantity q is called the weighted 
mean. (3) Jn statistical mechanics, certain 
states of a system are often more probable 
than others, especially when degeneracy is 
j^reseiit. In computing average values, these 
states must be weight(‘d with factors propor- 
tional to their probabilities, the computation 
(hen proceeding as in (2) al)ove. 

WEIR. Any dam or bulkhead over which 
water flows, or a bulklicad containing a notch 
through whidi water flows, the not(‘h at no 
time becoming completely submerged. A 
weir is usually employed to measure the vol- 
ume iri a fluw^ of water. This it aceeinphshes 
through the fact that a discharge tliiough a 
w'eir bears a certain definite rclat ionslni) to 
the head of water over its crest, and this head 
IS c()m])arativcly easy to measure. • 


WEISS THEORY OF FERROMAGNETISM. 

A tlicoiy of ferromagnetism based on an en- 
semble of independent molecular magnets, 
each of moment siih)eei to the aligning 
effect of magnoti/ing force, and the disorient- 
ing effect of thermal agitation The avcTage 
component of atomic moment in the direction 
of the field turns out to be 


= Ml 


\ 

cinh 

I kT 


kT I 
M^l 


where H is the applied field; fr, the Boltz- 
mann constant; and T, the absolute tempera- 
ture. 


WEISSENBERG METHOD. An experi- 
mental technique for the x-ray analysis of 
crystal structure in w'hich, whilst the crystal 
is rotated in the beam of x-rays, the photo- 
graphic plate is mo\ed parallel to the axis of 
rotation, the crystal being surrounded by a 
sleeve having a slot which is set so as to pass 
only one layer line. In this way, the various 
spots on the pattern may be positively iden- 
tified. 


WEIZSACKER - WILLIAMS METHOD. 
Method of computing bremsstrahlung emitted 
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Wenner Difference Potentiometer — White Ohfect 


in the collision of two particles with relative 
kinetic energy large compared with their rest 
energy. In the system in which one pai-ticlc 
is at rest the field of the other is equivalent 
to a set of virtual light waves wliich are 
Compton scattered by the particle at rest. 

WENNER DIFFERENCE POTENTIOM- 
ETER. See potentiometer, Wenner-differ- 
ence. 

WENTZEL-KRAMERS-BRILLOUIN AP- 
PROXIMATION. Due also to Rayleigh and 
Jeffreys. Method of ap})ro\iniatc solution of 
problems, especially in quantum mechanics, 
based on an ex})ansi()ii of the logarithm of the 
wave function in ])owors of the Planck con- 
stant. Useful only when the moment uin of a 
particle changes only by a small fraction of 
itself in a di-^tance equal to the dc Broglie 
wavelength of the particle. 

WESTPHAL BAT.ANCE. A balance do- 
siuned to measure directly the specific grav- 
ity of liquids by observing the loss in weight 
of a standard plunger which is immer->ed in 
the liquid. 

WET AND DRY BULB THERMOMETER. 
See vapor pressure, methods of measurement; 
also hygrometer, 

WETTING AGENT. A substance that causps 
a liquid to spread more readily upon a sohd 
surface, owung its action chiefly to its effect 
in reducing the surface tension. Sriecific wad- 
ting agents have been developed in many 
industries. 

WEYL UNIFIED FIELD THEORY. See 
field theory, Weyl unified. 

WHEATSTONE BRIDGE. See bridge, 
Wheatstone. 

WHEEL AND AXI.E. A simple machine 
whose theoretical mechanical advantage is 
the ratio of the radius of the wheel to that of 
the axle. 

WHEELER-FEYNMAN THEORY. See ac- 
tion at a distance. 

WHIRLWIND. Small cvdonic w^hirls of air 
U'^ually not more than a few hundred feet 
high and several tons of f(‘et in diameter. 

WHISKER. (1) The fine, sharpened elec- 
trode forced into contact with the semicon- 
ductor material in a semiconductor diode or 


point-contact transistor. (See transistor, 
point-contact.) (2) Ceidain small crystals 
possessing great shear strength. For exam- 
ple, it has been shown that a very small crys- 
tal of tin (10 cm in diameter) can toler- 
ate extremely large strains in bending with- 
out plastic deformation. This large shear 
strength, af^proaching the classical limit, is 
due to the absence of dislocations 

WHISKER RESISTANCE. The resistance 
of the whisker element of a semiconductor 
device. 

WHITE . COMBINATION POTENTIOM- 
ETER. potentiometer. White combina- 
tion. 

WHITE COMPRESSION (WHITE S\TU- 
RATION). The reduction in gain applied to 
a television picture signal at those levels cor- 
rc'^ponding to light areas in a picture with 
respect tb the gain at that level corresponding 
to lh(‘ mid-range light value in the picture. 
Tlie gam referred to in (he definition is for a 
‘^lgn:ll amphtude small in comparison wdth 
the lotnl pcak-lo-pcak picture signal involved. 
\ quanlilMtivo evaluation of this effect can 
be obtained by a meiisuremcnt of differential 
gain. The overall effect of wdiite compression 
is to reduce contrast in the highlights of the 
])icture .as seen on a monitor. 

WHITFHEAD THEORY OF GRAVITA- 
110N. Theory in which the gravitational 
field IS tr(*atcd as a tensor field in flat space- 
time Formally similar to the general llieory 
of relativity (^co relativity theory, general), 
although it lacks the equivalence principle. 
Yields correct values for the three astronomi- 
cal tests of a theory of gra v'itation. 

WHITE LIGHT. Any one of a variety of 
spectral energy distributions producing the 
same color sensation as average noon sun- 
light. 

WHITE NOISE. Random noise, such as 
.shot noise and thermal noise. Which has a 
constant energy per unit bandwidth that is 
independent of the central frequency of the 
band. The name i.s drawn from the analogous 
definition of white light. 

WHITE OBJECT. An object which reflects 
all wav(denedhs of light with .substantially- 
enual high efficiencies, and with considerable 

diffusion. 


White Peak — Wien Laws 
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WHITE PEAK. A peak excursion of the tele- 
vision picture signal m the white direction. 

WHITTAKER DIFFERENTIAL EQUA- 
TION. A soconrl-order e(iuation 



with singular points at 0 and oo. It is a 
canonual form of the confluent hypergeo- 
metric equation found by removing the term 
m ?/', tlie first derivative Its solutions, 
sometimes called Whittaker functions, arc 
special cases of the confluent hypcrgeometric 
series. 

WHOLE STEP. Sec tone, whole. 

WHOLE TONE. St c lone, whole. 

WIDE-BAND IMPROVEMENT. Tin* ratio 
of the signal-to-noise ratio of the system in 
question to the signal-to-noise rjitio of a lef- 
ercncc system. In coiu])aring fietpiency- 
modulation and amplitude-modulation sys- 
tems, the reference svstem U'-ually is a double- 
sideband, amplitude-modulation system with 
a earner [lowcr, in the absence of modulation, 
which is equal to the carrier power of the 
frequency-modulation system 

WIDE-BAND RATIO. The rntio of tlie oo- 
eupit*d frequency bandwidth to the intelli- 
gence bandwidth. 

WIDMANSTATTEN STRUCTURE. A 

structure in which a gcomctiical mofallo- 
graphio patti'rn is jU’oduced by the generation 
of a new phase wutliin the body of the parent 
phase The shape of the particles of the new 
phase, and their crysiallograyihic orientations, 
are both lelated to the orientation of the par- 
ent crystal 

WIDTH. In television, the horizontal di- 
mension of an image It is generally ex- 
])ress(*d in inches or feet 

WIDTH CONTROL. In television, the elec- 
trical component or ciicuit that controls the 
width of the image 

WIEDEMANN EFFECT. See discussion of 
magnetostriction. 

WIEDEMANN-I'^RANZ LAW. The ratio of 
the thermal to the electrical conductivity for 
all metals is proportional to the absolute tem- 
perature 1 , and has a value of 6.11 X ^0 ~^T, 


calorie-ohms sec~^ degrce“^. For 0®C (273° 
absolute) this gives 0.00000147 calorie-ohm 
sec“^ degree"^, which is very close to the 
observed value for platinum. The Wiede- 
mann-Franz formula is theoretical and its co- 
efficient involves both the Boltzmann con- 
stant and the electronic cliarge. (It is also 
called the Lorentz number.) For most metals 
the ratio as obseived is a little higher than 
that gi\en by the formula, doubtless because 
of thermal eonduclion due to other causes than 
electronic activity 

WIEN BRIDGE CIRCUIT. A rcsistance- 
eaiiacitance budge circuit having a detector/ 
input-\oltage magiiitude-ratio of zero and a 



detector/ in])ut-\ oltage phasc-anglcT difference 
of ISO'' at a freipieiuy 

L r 

, Ci Ri R, 

w hero — = 

Cr Ha Ha 

WIEN DISPLACEMENT LAW. Sec Wien 
laws. 

WIEN EFFECT. The increase in conduct- 
ance of an electrolyte at high potential gra- 
dients. 

WIEN LAWS. From a study of the spectral 
energy distribution of thermal radiation, W. 

len in 1S96 arrived at three laws relating 
to the radiation from a black body. 

(1) The W’a\elen2:th of the spectral dis- 
tribution, for which the radiation has great- 
est intensity, is inversely proportional to the 
absolute temperature T of the black body. 

\mT - < 7 . 

Thus, as the temperature rises, the *^peak'^ 
of the distribution curve is displaced or shifted 
toward the short-wavelength end of the spec- 
trum. This is commonly called Wien's *‘dis- 
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Wien Radiation Law — Wilson Experiment 


placement law/' The value of the '‘displace- 
ment constant" <7 is about 0.2S97 oentimelor- 
(legree. a = Co/4.9651 in which Co is the sec- 
ond radiation constant, hc/k - 1.4384 cm deg 
{h is the Planck constant, c is the velocity of 
light and k is the Boltzmann constant. 4 9651 
is the root of 


+ 7?/5 -1=0. 


Z; lAjAk 


sin 


w'hero x = 47r/X sin 14^ and X is the electron 
wavelength. 


WIGNER FORCE. Short range force of non- 
exchange type postulated phenomenologically 
as part of the interaction between nucleons. 


(2) The emissive poAver of the black body 
within the maximum-intensity wavelength in- 
t(*Tval d\ is proportional to the fifth power of 
the absolute temperature: 

dE,r^ = 

Subsequent work by Planck and others gives 
the value of the constant C as about 
1.288 X lO’'^ erg/cm^ sec deg'*. 

(3) Wien’s third law is an attcni])! to express 
the spectral energy distribution of radiation 
fr(»m the black body at tenqK'raturo 7\ as fol- 
lows: 

clEx = ylX~V-"'^''V/X, 

in which dEx is the cmis.sivc power within the 
wavelength interval d\ and A and B are con- 
stants to be empirically determined. 

The first and second laws are in acconl 
with tlicrrnodynamic theory and amIIi the 
Planck equation, and also agree \(‘ry accu- 
rately with expoi'iment The third law i« (*m- 
pirical, but is almost identical with the 
Planck crpiation at slioi’t v ^n'chaigtlm, aiul is 
more siTn])le to use However, dis- 

tribution law fails at longer wavelengths. 

WIEN RADIATION lAW. See Wien laws. 


WIGNER NUCLIDES. A special case of 
mirror nuclides. Pairs of odd-mass number 
isobars for which Hie atomic number and the 
neutron number differ by one, and in which 
the numbers of f)rotons and neutrons are so 
related that each member of the pair would 
be transformed inio the other iiy exchanging 
all neutrons for iiroioiis and vice versa. 

WIGNER-SEITZ METHOD. A technique 
for calculating tlio band structure of a metal. 
Each ion is siqiposcd to be suiToiuuh'cl by a 
sphere eiVitaimng one atomic volume, and a 
waAc function comjnited so that its gradient 
is Z('ro at the surface of the sphere. This 
s])herical ''yiniuelry makes the calculation 
very simple, but not very reliable 

WIGNER THEOREM. A prediction from 
(juantum theory, stating that in a collision 
of the second kind, angular momentum of 
electron spin is conserved. That is, for all 
possible transfers of ('nergy, the one most 
likely t(' occur is that in wliich t.lie total re- 
sultant spin of the two atoms remains un- 
changed. 

WILLIAMS REFRACTOMETER. Sec rc- 
fractometer, Williams. 


WIENER EXPERIMENT. Wiener yilaced a 
thick photograjdiic emulsion on a front-faced 
mirror. The emulsion Avas then cxiiosed by 
monochromatic light incident normal to the 
surface. Ui)on dc'Vclo])ment of the cnmNion, 
it AA^as found that stationary waves had been 
set up in the eimdsion belwceri the incident 
and the refle^-ted light. The nodes of Hie sta- 
tionary Avaves were found at the n<Kles of the 
electric vector, not at the node.s of the mag- 
netic vector. 

WIERL EQUATION. The intensitv of the 
electron beam scattered into the angle 9 by 
diffraction from a gas of molecules having 
atoms jj k (with atomic scattering factors 
Ak) a distance rjk apart is 


WILSON CLOUD CHAMBER. See cloud 
chamber. 

WILSON ELECTROSCOPE. Discussed un- 
der electroscope. 

WILSON EXPERIMENT. The tlieory of the 
electromagnetic field in dielectrics requires 
that if a dielectric move across a magnetic 
fidd, an dcctric polarization should be pro- 
duced in it at right angles to the field and to 
the motion; just as in a cemductor, likewise 
moved, eleelric induction is set up. The ques- 
tion was tested by IT. A. Wilson in an experi- 
ment which has become classic. A hollow 
cylinder of dielectric material, toated on its 
inner and outer cylindrical surfaces with 
metal, was rotated about its axis in a mag- 
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netic field whose lines of force were parallel 
to the axis. Tfie metal coatings were con- 
nected to a sensitive electrometer, which reg- 
istered a charge, reversing with the reversal 
of the field, and liaving both the sign and the 
magnitude required by the theory. 

WIMSHURST MACmNE. See static ma- 
chines. 

WIND DEVIATION. The angle between 
the direction of the wind and the direction of 

the pressure gradient. 

WIND EQUATIONS. Equations for veloc- 
ity of air parcels, which are usually expressed 
in terms of the pressure gradient, the density 
of the air, the latitude, the angular velocity 
of the earth, and the curvature of the par- 
cel’s path. Tlie complexity of this relation- 
ship is due to the fact that many factors 
influence the moveiuent of air in aqy quasi- 
horizontal plane at or above the surface 
of the earth. In the friction layer, frictional 
forces ])lay an iinportant role. Convergence 
and (liverg(mee also play their iiail in deter- 
mining air flow. Isallobnric fields have some 
influence. But, in general, three major forces 
play the main roles in establishing the winds. 
They are: 

(1) Tlic Coriolis or deflective force due to 
the earth’s rotation which is given by 2ioVp 
sin 

(2) The pressure gra<lient of the atmos- 
phere which is given by dp/dx 

(3) (^entrifugal force due to curvature of 
])ath of air parcel, which is given by V-p/r, 
where w is the angular velocity of the earth, 
V is the velocity of the air parcel, p is the 
air density, (f> is the latitude, r is the radius 
of curvature of the parcel’s path, and dp/dx 
is the pressure gradient. 

If air movement is unaccelerated, those 
three forces are the only factors involved in 
determining the wind. When other forces 
are active, accelerations and decelerations 
alter equilibrium conditions among the three 
principal forces. However, equilibrium con- 
ditions hold, except undc'r the excessive in- 
fluence of one or more of the minor forces, and 
winds are generally determined by the bal- 
ance among the three main forces. 

There are sev '^al ca'^cs possible for estab- 
lishing a balancf of forces among the three 
and thup the wind equations may take several 
forms. 


WIND, GRADIENT. See gradient wind. 

WIND INCLINATION. The angle which 
the wind direction makes with the direction 
of the isobar at the place of observation. 

WIND, KATABATIC. See katabatic wind. 

WIND ROSE. Any diagram showing fea- 
tures of wind direction and velocity in the 
form of a hub, with spokes of a wheel repre- 
senting direction or velocity values or both. 
The most common wund rose is one in which 
the length of the spokes of the wheel extend- 
ing into the cardinal directions re])roscnts the 
frequency of winds from that direction. 

WIND VANE. An arrow wdth considerable 
tail surface. Air flowing past the tail sur- 
face keeps the arrow pointed in the direction 
from which the wind is coming. The vane is 
usually mounted some 20-30 ft above the 
ground or w\‘iter level. 

WIND, VEERING. See veering wind, 

WINDS. (R(‘C also circulation of the at- 
mosphere.) Winds can be divided into four 
categories : ^ 

(1) (iradient winds blow in accordance 
with the existing pressure gradient, centrifugal 
force ,rfind Coriolis force. 

a. Cycloni(‘ wimls blow counterclockwise 
about regions of relatively low pressure in the 
northern hemis[)here and clockwise in the 
southern hemispheie. 

b. Anticyclonic wdnds blow clockwise about 
regions of relatively high pressure in the 
northem hemisphere and counterclockwise in 
the southern hemisphere. 

(2) Cjeostrophic winds blow in accordance 
with the pressure gradient, but only where 
the jirossure gradient is balanced by the 
Coriolis force. They are, therefore, winds 
which blow in straight or nearly straight linos 
over the earth. Geostrophic winds are not 
possible at the equator because there is no 
Coriolis force present. 

(3) Cyclostrophic winds blow cyclonically 
in both hemispheres in wind systems where 
the imessure gradient is balanced by centrif- 
ugal force in the absence of the Coriolis force. 
Cyelo'itrophic winds occur near the equator 
as hurricanes and other local less intense 
vortices. 

(4) Antitriptic winds are small-scale, short 
duration winds which blow, in general, along 
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the pressure gradient. Land and sea breezes 
are of tliis type. 

In general, winds are mainly gradient winds. 
Many strictly local winds blow over relatively 
small regions. Most of those occur where 
there is sharj) contrast in surface temperature 
over a relatively small distance or where ter- 
rain is highlj'' irregular. Sea breezes blow 
from cool water to heated land during the 
heat of day. Land breezes blow from cooled 
land to warmer water during the cool of the 
night. Valley breezes blow upslope in valley- 
hill terrain during sunny days, and mountain 
breezes blow downhill in a reverse manner 
during darkness. Mountain breezes often be- 
come very strong and extremely variable as a 
re.siilt of large-scale eddies and Venturi effects 
in mountain ])asses. (See also circulation of 
the atmosphere.) 

WINDING, COSINE. A type of winding 
used in the deflection yoke of a magnetically- 
deflected cathode-ray tube to prevent changes 
in focus with deflection. 

WINDOW, CAPACITATIVE. Conducting 
diaphragms exti'iiding into a waveguide from 
tof), and/or bottom. They produce the (‘ffect 
of a capacitive .susceptance shunted across the 
waveguide at that point. 

WINDOW, INDUCTIVE. Conducting dia- 
phragms extending into a waveguide from 
one or both side-walls of the waveguide. The 
diaphragms in this position produce the effect 
of an inductive susceptance shunted across 
the waveguide at that point. 

WINDOW, RESONANT. A conducting dia- 
phragm containing elements of both Ihe in- 
ductive and caiiaeitive windows tiuit gives 
the effect of a parallel I^-C circuit shunted 
across the point at which the diaphrigin is 
placed. 

WIRE GRATING, CONFORMAL. See con- 
formal wire grating. 

WIREPHOTO. See fascimile. 

WIRE RECORDING. A method of record- 
ing involving the longitudinal magnetization 
of a moving magnetic wire. 

WOBBULATOR. A device, usually mechan- 
ical, used to frequency-modulatc an oscillator 
for test purposes. A small trimmer capacitor 
rotating at constant velocity across the fre- 


quency-determining network of the oscillator 
is an example. 

WOLLASTON PRISM. Discussed under 
prism, Rochon. 

WOOD EFFECT. The alkali metals are 

found to be transparent to light in tlic ultra- 
violet. According to the free electron theory 
of metals, the effect should occur for light of 
w'avelengths less than 

Xo = 2ir{mc^/AirNe^)'^ 

where e and m aie the charge and mass of 
the free electrons, of number density N, and c 
is the velocity of light. 

WOOFER. A low-frequency loudspeaker 
used in high fidelity systems. It is custom- 
arily used wflh a c-oss-over network cud a 
tweeter. 

WORD. •An oidered set of characters having 
a meaning and considered as a unit. Digital 
computers commonly use a fixed word length 
(that IS, a fixed number of characters) which 
is a chanicteristic of each comjniter 

WORK. The work done by a force on a par- 
ticle during a given displacement i-^ the space 
integral of th(' force over th(‘ path taken by 
the ])article Sp(*(‘ifically if the force is F and 
the clementaiy disjihicement of the particle 
dr, w’here r is its position vector, the w^ork 
done is 



wdierc the path ext^mds from point A to point 
B. At everv point dr is directed along the 
path. (Sec conservative system; work-kinetic 
energy theorem.) 

WORK FUNCTION, FLECTRONTC. Tlu 

energy tusuaMy m(‘asun'd m electron-volis' 
needed to remove an electron from the Fermi 
level in a metal to a jioint an infinite distance 
av^ny outside the surface. The wairk function 
is biiportart in tlie theory of thermionic emis- 
sion. In that case, as for example, that of an 
electron escaping from the heated, npjratively- 
charged filament of a vacuum tube, the w-ork 
function mav be called the thermionic work 
function. Photoelectric emission has a cor- 
responding work function. 

WORK FUNCTION, THERMODYNAMIC. 
Sec free energy (2), 
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WORK HARDENING. Single crystals of 
pure metals show lapid plastic deformation 
at first, but this is often followed by a con- 
siderable increase m the shear strength It is 
thought that this is due to the motion of dis- 
locations along t\\o different slip planes, which 
intersect and hence impede each other 

WORK-KINETIC ENERGY THEOREM. 

The work done by the resultant force on a 
particle during a given displacement is equal 
to the change in kinetic energy experienced 
by the particle during this displacement It 
also holds for a rigid body and for incompres- 
sible fluids • 

WORK, MAXIMUM. The maximum amount 
of work which can be obtained from a proc- 
ess, i e , when it takes place re\crs]bly 

WORK, PRINCIPLE OF VIRTUAL. Wlien 
a system of particles subject to const i amts 
IS in equilibnum undir the action o^ a set of 
impressed external foices the toial woik done 
by these forces when the pailich^ undergo 
small displacements compatible witli llie con- 
straints (so-called \iitual displacements) is 
zero Analytically put 

n 

E F„ 5r. - 0 

t 0 

where the impressetl external force on the ith 
particle of the system is and its Mitiial 
displacement is 8r, The sum is taken over 
all the part 1 cl (s 

WORK, UNITS OF. See units of energy. 

WORLD. Used as adjectne as in w^oild 
scalar, world vector, etc , to emphasize that 


the transformation properties referred to are 
related to Lorentz transformations as op- 
posed to rotations in three dimensions Hence 
also world line (see space-time path), world 
velocity (see four-velocity). 

WOW. Speed variation in reproduced sound, 
1 e , a low-frequency flutter. 

WRONSKIAN. Let i/j, yj, •••, ?/„ be func- 
tions of T, each having derivatives y/, y/', • • • , 
th(‘n the Wronskian of the functions 
IS the determinant 




U 2 

• Vn 

n - 

y\ 

1/2 

• y'n 






If W 9^0, the n functions aie linearly inde- 
pendent h(‘n the y, aie solutions of a 
liiu ar ddb iLiiti il ((luation of nih oidci, e\{il- 
uation of flu ^^Ion■^klln is a simple means 
for (kddiig wlntluM oi nol (he n functions 
gi\c the (omphde solution of the diffetcnti il 
equation ♦ 

WULF ELECTROMETER. Tin divtmctne 
f haiaeleiisties of this instillment are discussed 
undti Electiometer. 

WULLNER LAW. The modification of the 
osmotic pioperties of water by a dissolved 
^uhstanee, notably the reduction of the vapor 
l>ie'-suH' IS a direct function of the concen- 
tialion of the solute 

WYE RECTIFIER. See rectifier, wye. 



X 


X. (1) Reactance (.Y), capacitative react- 
ance (A'o), inductive reactance , bpeeilic 
acoustic reactance (A"). (2) Rectangular co- 
ordinates (x,y,z). (3) JMolc fraction in licpiid 

(A). (1) Mo\q ratio in liquid (x). (5) Dis- 

tance above datum jdane in direction of flow 
(,r). (6) Acoustical volume (lispla(‘enient 

(A). (7) Distance between object and jiriti- 

cipal focus of object space (x). (8) Distance 

between image and principal focus of image 
■space (x'). 

X-RAYS. Electromagnetic radiation of wave- 
lengths less than about 100 A, whicli liave 
been shown by x-ray difFraction metliods to 
be essentially in the range of 0 1-1 00 A, jiro- 
duced: (1) when ch3ctrons, accf‘l('rated in a 
vacuum, strike a target rjid lo>e k indie en- 
ergy in passing through the strong eh'ctric 
fields surrounding the target nuclei, tlius giv- 
ing rise to brcmsstrahluiig and resulting in a 
continuous x-ray spectrum; (2) by the transi- 
tions of atoms from higher energy states 
to K, Ti, • • • energy states, thus giving rise to 
characteristic x-rays. The term \-ravs is not 
used to ref(‘r to the eharact eristic radiation 
from an element of atomic number Z less tlian 
10, sinec the wavelengths of such r diation 
exceed tho.se in the x-ray range. TI iwcver, 
every element ha.s its eharacten^tie x-rav 
spectrum, when used as a tarcret, although 
according to the Duane and Hunt law the 
radiation also depends on the accelerating 
voltage. X-rays may be detect <Ht photo- 
graphically, liy fluore.sccnce, or hy the hniiza- 
tion they produce in gases. Their capacity 
for penetrating considenihle thicknesses of 
solids is exploited in nierlicine, while the dif- 
fraction effect is used in \-ray analysis of 
crystal stmeture. 

X-RAY ANALYSIS. The diffraction of X-rays 

by crystalline solids is a powerful t'f'chnique 
for the identification and solution of their 
crystal structures. Various experimental 
niethods are used. In the Laue method radia- 
tion covering a wide range of wavclengtJis is 
passed through a stationary crystal, and the 


diffracted beams caught as sjiots on a photo- 
graphic jihite. In other methods, a mono- 
chromatic beam falls on tlu' eiystal, which is 
rotated so that various atomic planes come 
into position, the intensity of tlie reflection 
being measured either hy tlie ionization it can 
piodiice (Bragg spectrometer) or on a photo- 
grajihic plate (rotating crystal, Weissenberg 
mcthod.s). A useful method for ra])id iden- 
tification, and the mcasupMuent of lattice 
parameters is the Dcbye-Scherrcr-Ilull method 
where the ix'am falls on a powdered samiile, 
forming a 'diaracteristic ring pattern photo- 
Krapli. * 

X-RA\ ANALYSIS TRIAL. A crystal struc- 
lure may often he determined from an x-ray 
analysis hy guessing the most likely striwture, 
calculating a trial x-ray diffraction pattern, 
and comparing this ^Mth the observed pattern. 
(S('e Patterson-Harker method and Patterson 
map.) 

X-RAY(S), CHARACTERISTIC. X-ray.s 
which are eliaracteilstic of tlie element in 
which they are pi-oduecd. Their emission 
results I’-om rearrangements cl electrons in 
the inner ‘■hells of atoms. For elemcms of 
atomic r umber of 20 or greater, the encrgi(‘s 
are grouped in similar series. (Roe K-radia- 
tion, L-radiation, etc.) Commonly the turg(‘t 
of an x-ray tube emits bo^h characteristic 
x-rays and continuous x-rays. (See brerns- 
sirahliing. ) 

X-RAY(S), CONTINUOUS. The elect romag- 
netu* railiation of continuoiis spectral distiibu- 
tioii produced hy bremsstrahlung, for exain- 
j»le, V hen electrons strike a target. The wave- 
lengths of the continuous x-rays vary from 
a minimum, corresponding to a jihotoii energy 
equal to the maximum kinetic energy of the 
incident particles, to iniFTinitcly largo values. 
For a given tubc-currmt, the intensity asso- 
ciated with each wavelength is dependent on 
the material and thickness of the target, and 
on the potential difference applied to the tube. 
The continuous spectrum produced by very 
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high-velocity electrons from, for example, a 
betatron may extend into or beyond the y-ray 
range of wavelengths. However, such radia- 
tion is still referred to as x-rays, the term 
y-rays being reserved for electromagnetic ra- 
diation emitted by nuclei. 

X-RAY CRYSTALLOGRAPHY. See x-ray 
analysis and crystal structure. 

X-RAY DETECTION. X-rays, being quanta 
of many electron volts energy, are capable of 
ionizing material in which they are absorbed. 
The ionization may be observed directly, as 
in a gas-filled ionization chamber, *or photo- 
graphically or by associated fluorescence ef- 
fects. If it is necessary to obtain the spec- 
trum of the x-rays, the analysis is effected 
by diffraction from a crystal, as in the Bragg 
spectrometer. 

X-RAY DIFFRACTION. Early att^'mpts to 
diffract x-rays by slits, gratings, etc., were 
unsuccessful. It was then realized that they 
might have wavelengths as small as the actual 
interatomic distance in a solid. The experi- 
ment of Friedrich and Knipjiing confirmed 
von Laue’s theoretical calculation of the type 
of pattern to be expected for the diffraction 
of a beam of x-rays by the regular atomic 
lattice of a crystal (see x-ray analysis and 
crystal structure). When the diffracting ma- 
terial is not in an ordered state, as in a gas, 
the x-rays are diffracted as if by each atom 
indejieiidently. The characteristic x-ray dif- 
fraction pattern for licpiKls consists of a few 
rather diffuse rings. These may be interpreted 
as meaning that the liquid resembles a micro- 
crystalline material of extremely .small grain- 
size, but a mon^ acccpiable dcscrifition can 
be found in terms of the radial distribution 
function without reciuiring the existence of 
grain boundaries. The radial distribution 
function completely determines the diffrac- 
tion pattern. 

X-RAY(S), EFFECTIVE WAVELENGTH. 

Wavelength of monocliromatic x-rays which 
undergo the same percentage attenuation in 
a specified filter as the heterogeneous beam 
under consideration. The term w as originated 
by Duane; his specified filters were 1 rnm 
Cu or 3 mm A1 and he determined attenuation 
of the nionochromatic rays by means of a 
spectrometer. 


X-RAY EMISSION SPECTRA. The rela- 
tively sharp K- and L-levels of atoms in a 
solid may be ionized by electron impact and 
filled by electrons dropping from the conduc- 
tion band in a metal or from a filled band in 
an insulator. The spectrum of the emitted 



radiation gives directly a (rather smudged) 
representation of the shape of t\w band, since 
the intensity of radiation emitted wdth a 
particular frequency will depend on the num- 
ber of (.‘Icctrons available with the approjiriatc 
energy, i.c., on the energy density of filled 
levels in the band. (See figure.) 

X-RAY HARDNESS. The penetrating powvv 
of x-rays, which is an inverse function of the 

wavelength. 

X-RAY(S), HETEROCHROMATIC. Sec 
x-rays, heterogeneous. 

X-RAY(S), HETEROGENEOUS. X-rays of 
a broad range or considerable number of fre- 
quencies. 

X RAY(S), HOMOGENEOUS. X-rays of a 
single frequency or of a narrow band of fre- 
quencies. 

X-RAY LEVELS. See discussion under x-ray 
series. 

X-RAY(S), MONOCHROMATIC. See x-rays, 
homogeneous. 

X-RAY REFLECTION, INTEGRATED. See 
integrated x-ray reflection. 

X-RAY SPECTRA. When cathode rays fall 
upon a specimen of some element the result- 
ing x-rays consist of a continuous spectrum 
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upon which are superimposed certain |>roups 
of much sharper lines characteristic of the 
clement. These lines (see K-line, L-line, etc.) 
correspond to transitions between tlie inner 
energy levels of the aioni, and tlieir fre- 
quencies obey the Moseley la>v. (See x-ray(s), 
characteristic.) 


X-RAY SPECTRA, INTENSITY OF. The 

relation between the integrated reflection 
p(hkl) and the structure amplitude F(hkl) 
for the (hid) plane is given by 


p{hkl) = —,\F(hkl)\^‘- — 

2a sin 


1 + cos^ 20 


wdiere N is the number of unit cells jxt cm^ 
of crystal, m is the mass of tlie atom, X the 
wa\elength of the x-rays, p their absor])tion 
coefficient in the ctystalline mati'rial, and 0 
tlie glancing angle. 

X-RAY SPECTROGRAM. A renord of an 
x-ray diffraction pattern. 


X-RAY SPECTROGRAPH, An apparatus 
used to record x-ray diffraction patterns, such 
as an x-ray spectrometer equipped with photo- 
graphic or other recording apparatus. 

X-RAY STRUCTURE. The atomic or ionic 
structure of substances as determined by 
x-ray diffraction patterns obtained by the pas- 
sag(' through it of x-rays. 

X-RAY UNIT. Same as x-unit. 

X-UNIT (XU). A unit used in expressing the 
wavelengths of x-rays or y-rays. It is about 
10 cm, or 10 ® angstrom. Accurately, 1 
Xu — l.fX)2()2 -h 0 00003 X lO’’** angstrom. 

X WAVE. Sec extraordinary-wave compo- 
nent. 

XENON. Gaseous element. Symbol Xe. 
Atomie number 54. 

XL (1 )• Propagation flux density (S). (2) 

Displaeeiiient component of sound-bearing 
paiticlc (C). 


Y 


Y. (1) Admittance (Y), admittance with 
plate load, or grid or input (yg)j admittance, 
output (i/p). (2) Rectangular coordinates 

{XjijfZ). (3) Yttrium (Y). (4) Mole frac- 
tion in vapor (//). (5) AIolc ratio in vapor 

(}'). (G) Depth or height (?y). (7) Height 

of object (?/}. (8) Height of image*(//). (9) 
Altitude (ij). (10) Transverse acoustical dis- 
placement (//). (11) Young modulus of elas- 
ticity (Y). (12) Super-comjiressibility factor 

( 2 /). 

Y-CONNECTION. Three-phase a-c equip- 
ment is wound with thr(‘e wires wVose cur- 
rents differ 120"" electrically in phase. The 
vmdingh can lie comiecled either in Y or delta. 
In balanced electrical condition, voltages and 
currents are the same in all coils. In the 
Y-conncctions one end of all three coils is 
connected in a common joint, and leads from 
each of the other ends constitute the three- 
phase line (See also della connection.) 

Y-JUNCTION. See junction, Y. 

Y-NETWORK. See network, Y. 

Y-RECTIFIER. Sec rectifier, wye. 

YARD, Unit of length, abbreviation yd. (1) 
Biitish. The imperial yard is the length equal 
to that of the stainlaid yard, i.e , to the dis- 
tance between two parallel scratches on a 
standard bar maintained in London, under 
specified conditions of temperature and pres- 
NUie. The imperial yard is equivalent to 
()9144(K)4 meter. (2) U.S. The US. yard 
IS defined as exactly 3G(X)/3937 meter. 

YARKOVSKY EFFECT. Force on a rotating 
body moving around the Sun produced by 
une\en emission of radiation due to a phase 
lag in the surface temperature. Causes the 
body to spiral outwards when spin and orbital 
angular momentum are parallel. Negligible 
for the planets but not for meteors of radius 
< 1 cm. 

YIELD POINT. The minimum unit stress at 
which a structural material will deform with- 
out an increase in the load is called the yield 


point. Some materials do not have a yield 
point and in others it is not a w^ell-defined 
value. Consequently, in these cases it has 
become common jiractice to use a (piantity 
called the yield strength. The yield strongtli 
In the unit stress corrcsj)on(ling to a specific 
amount of pennan^mt unit deformation. 

YLEM. T1 le primordial substance from which 
the chemical elements may have been de- 
rived. (See nucleogenesis.) 

YOKE. The frame ujion which is wound the 
horizontal and vertical deflecting coils for a 
magnetic deflection cathode-ray tube (Sec 

kinescope.) 

YOUNG CONSTRUCTION. A grapliical 
method for tracing a ray of liglit tluoiigli a 
^phciical boundary between medu^ of differ- 
ent refractive indices. 

YOUNG-HELMIIOLTZ THEORY. Tlu‘ 
origmivl theory of color vision. It assumes 
the existence m the eye of tliree mechanisms 
each sensitive to one of the three pnmaiv 
colors, hmI, green and blue. It a^‘c()unts for 
some of the observed phenonu'iia of color 
vision, but not for others The theory is con- 
venient for many purposes bill has bet'ii modi- 
fied by later students. (Sec Ladd-Franklin 
theory.) 

YOUNG INTERFERENCE EXPERIMENT. 

In 1801 Thomas Young made the epochal dis- 
covery of the interference of light waves, by 
means of an exjieriment which has lavomo 
classic. Light from a narrow slit L falls on 
a i)late in which are tw'o parallel slits, A, H, 
very close together, so that from flu* further 
side of the latter there emerge two exactly 
similar w’avo trains. (See figure.) These 



Light from single source L gives rise to two wave 
trams at A and B, which produce interference fringes 
on screen F 
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overlap in the region beyond AB and produce 
interference. If a screen F is placed at sonic 
distance from AB, alternate bright and dark 
bands or fringes appear on it, parallel to the 
two slits. If a translucent scre(‘n is used (or 
in the case of white light, a ))late of colored 
glass acting as a color filter), these hands may 
be viewed by means of a magnifier beyond it 
at Fjy or better, a low-pow(T micrometer eye- 
piece, with which the width of the band-inter- 
val can be measured. 

It is easy to show from the elementary the- 
ory of interference that if AB -- .<?, if the dis- 
tance from AB to F is a*, and if the wavelength 
of the light is A, the distance on the screen 
between any two consecutive dark liands or 
any two consecutive bright bands is h - xk 
Till lefore if b, s, and x are measured, "vve Inue 
at once a mean^ of detennining the ^^ave- 
length: A — b.s'/.r. 

Other devices have proved more satisfactory 
than the pair of slits, such as the Young ‘'bi- 
prism,” the Fresnel mirrors, or th(‘ Lloyd 
mirror; each of which produces a double vir- 
tual image of tbe slit L to serve as the two 
'wave-train soiire(‘s A and B 

YOUNG MODULUS. The clastic modulus 
corresponding to simple tension, tin* strain 


being measured parallel to the tension. In 
the case of an elastic solid rod or wire, the 
Young modulus is the ratio of the tensile 
stress to the associated linear strain. In any 
isotropic solid, Young’‘^ modulus is 

OfjiB 

E = - — 

M + ^B 

wliere /i is the shear modulus, and B is the 
bulk modulus. 

YTTERBIUM. Rare earth metallic element. 
Symbol Yb. Atomic number 70 

YTTRIUM Raie metallic ehanent. Symbol 
Y or Yt. Atomic number dO 

YUKAWA POTENTIAL. A i»otential fuiic- 
tion of the form L = tc ^ It used 

to deseni)o tlie meson field about a mieh'on. 
The Yukawa potential i^ employed rather 
fre(]iiently as one shape of nuclear potential 
well that*ean he used in attempts to fit the- 
or}" \Mth experimental results, for example, 
in high energv seattiTing. It is cliaracter- 
iz(‘d by (1) infinite strengi.h at r - 0, (2) an 
ex]>onential tail extending with appreciable 
strength to larger r rather than a C’ouloinb 
)) 0 lential. (See potential, nuclear; nuclear 
forces.) 


z 


Z. (1) Atomic number (Z) (2) Gram- 

equivalent weight (Z). (3) Molecular col- 

li!?ian frequency (Z). (4) Distance above 

datum plane (z). (5) Modulus of section 

(Z) (0) Impedance or acoustic impedance 

(Z), specific acoustic impedance (z) (7) 

Rectangular coordinates (x,y,z). (?^) Radius 

oi circle of least confusion (Z). (9) Complex 

variable (z). 

Z-AXIS MODULATION. The intensity mod- 
ulation of a cathode-ray tube by variation of 
the gi‘id-cathode voltage. 

■ 

Z MODULATION. See z-axis modulation. 

ZEEMAN EFFECT. An effect of a moder- 
ately intense magnetic field upon the structure 
of the spectrum liii(‘s of a gas when suhiocted 
to its influence The phenomenon, sought un- 
successfully by Faraday and finally observed 
by Zeeman in 1890, consists in the splitting up 
of each line into two or more cornponemts In 
the simpler cases, when the source is view^ed 
at right angles to the field, there are three 
components, of which the middle one has the 
same frequency as the unmodified line This 
component is plane-polarized to vibrate paral- 
lel with the field, while the two side compo- 
nents vibrate at right angles to the field. 
When the source is vi(‘wcd in the direction 
of the field, there are only two components, 
displaced in u[)positc directions, and circularly 
polarized m opjiositc senses. (See polarized 
light.) These phenomena constitute the so- 
called “nonnal” Zeeman effect. 

With most lines, however, the number of 
components is greater, in some cases reaching 
twelve or fifteen, the “anomalous” Zeeman 
effect. They arc symmetrically arranged and 
symmetrically polarized. The displacements, 
as in the simpler case, are proportional to the 
magnetic field intensity //, and are always 
expressible, in wave numbers, as rational mul- 
tiples of tlie disph ement in the normal effect, 
wdiich is 4.67 I )"**// (reciprocal centi- 
meter), a quantity known as the “Lorentz 
unit.” The anomalous Zeeman effect is ex- 


plained by assuming that the magnitude of 
the term splittings for a given field strength 
is not the same for all terms, but differs ac- 
cording to the values of the quantum numbers 
L and J. 

Closely related to the Zeeman effect are 
two others, the Paschen-Back effect, produced 
by very strong magnetic fields, and the Back- 
Goudsmit effect, observed with the spectra 
of elements having a nuclear magnetic mo- 
ment, such as bismuth. (Sec also Stark 
effect.) 

ZENER CURRENT. The current through 
an insulator in a very intense electric field, 
sufficient to excite an electron directly from 
the valence band to the conduction band. 

ZENER VOLTAGE. (1) The field require.! 
to excite the Zener current, of the^or.ler of 
1 volt per unit cell, or UF volts/cm (2) The 
voltage associated w^ith that portion of the 
rcNcrse volt-anqieie characteristic of a semi- 
conductor, w^herein tlie voltage remains sub- 
stantially constant o\er an appreciable range 
of euiTcnt values Since tlu* effect is con- 
sidered bv some to be analogous to break- 
down in a gas discharge, it is sometimes rc- 
feired to as a Townsend discharge or electron 
avalanche. 


ZERO. The number which has the funda- 
mental propel ties 


a + 0 = 0 , fl.Q =- 0, 

and 

0 'a = 0, if a 0, 

wdiere a is any number Division bv zero 'of 
not defined and is not a permissible operation. 
(See also matrix, null.) 

ZERO BEAT. Heterodyning with zero fre 
queney difference. 

ZERO BEAT RECEPTION. Homodyne de 
tection. 

ZERO BRANCH. See Fortrat parabola. 
ZERO GEODESIC, See null geodesic. 
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Zero Line — Zone Plate 


ZERO LINE. See Fortrat parabola. 

ZERO-LINE GAP. See Fortrat parabola. 

ZERO OF A FUNCTION, A value of the 
argument for which a function vanishes. 
Thus, a zero of j[x) is a root of the equation 
fix) = 0. 

ZERO POINT ENERGY. The kinetic energy 
remaining in a substance at the absolute zero 
point of temperature. According to quantum 
mechanics, a simple harmonic oscillator does 
not have a stationary state of zero kinetic 
energy. The ground state has still one half 
quantum, hvy of energy, and the motion cor- 
responding thereto. This agn'es with the 
uncertainty principle, which docs not permit 
the oscillator particle to be absolutcjly at rest 
exactly at the origin. In solids the zero-point 
energy is distributed in the normal mo<les of 
lattice vibration, and may be an appreciable 
tenn in the binding energy of the crystal, 
especially in hydrogen, helium, rare gases, etc. 
The motion may bo observed in x-ray diffrac- 
tion, but does not contribute to electronic 
resistivity. (See also oscillator, harmonic.) 

ZERO POINT ENTROPY. According to the 
third law of thermodynamics (see thermody- 
namics, third law) (he entropy of a system in 
equilibrium at tlie absolute zero must be zero. 
Such systems, as for instance a glass, wliieh 
can have finite entropy at absolute zero are 
not in thermodynamic equilibritiin, 

ZERO SHIFT. In a balanced magnetic am- 
plifier, that output which occurs witii zero 
control signal because of drift. 

ZERO STABILITY. Zero stability of a bal- 
anced magnetic amplifier is expressed in terms 
of the maximum zero shift which occurs over 
a given period of time with given changes in 
operating conditions. 

ZERO SUBCARRIER CHROMATICITY. 
The chromaticity which is intended to be dis- 
played when the subcarrier amplitude is zero. 

ZETA. Displacement component of sound- 
bearing particle (f). 

ZETA POTENTIAL. See electrokinetic 
(zeta) potential. 

ZIG-ZAG RECTIFIER. See rectifier, zig-zag. 

ZIG-ZAG REFLECTIONS. Multiple iono- 
spheric reflection. 


ZINC. Metallic element. Symbol Zn. Atomic 
number 30. 

ZIRCONIUM. Metallic element. Symbol 
Zr. Atomic number 40. 

ZITTERBEWEGUNG. The oscillatory mo- 
tion of a Dirac electron as giA en by the 
Heisenberg equation of motion when applied 
to the position operator. For a free electron 
of energy w, the frequency of this motion is 
2w//?. 

ZODIACAL LIGHT. Sunlight reaching the 
earth after scattering from other bodies of 
the solar system, chiefly from metcoritic dust 
of radius cm. Predominance of for- 

ward scattering causes light to he visible in 
the east just before dawn and in the west just 
after sunset. 

ZONAL ABERRATION. Spherical or mono- 
chromatic* aberration of aliens of wide aper- 
ture due to the fact that the refracting power 
is diflenmt for difTcront zones concentric at 
tlie axis. 

ZONAL HARMONIC. Sec harmonic. 

ZONE AXIS. The axis through the center 
of a crystal which is parallel to the edge of 
a zone. 

ZONE, INTERFACIAL. The boundary area 
between two phases, consisting of the bound- 
ary particles of each fihaae if, in the particular 
case, they may be regarded as composed of 
particles. 

ZONE LEVELING (PERTAINING TO 
SEMICONDUCTOR PROCESSING). The 

pas'^age of one or more molten zones along a 
semiconductor body for the j)urpose of uni- 
formly distributing impurities throughout the 
material. 

ZONE OF A CRYSTAL. A set of faces of a 
crystal meeting (or capable of meeting if 
extended) in a series of edges, all of which are 
parallel. 

ZONES OF SILENCE. Regions surrounding 
a bound source in the atmosphere in which 
sounds from the source become inaudible, al- 
though they can again t)e heard at greater 
distances. 

ZONE PLATE. See diffraction, half-period 
elements or zones. By the use of a plate on 
which are alternate transparent and opaque 


Zone Purification — Zwitterion 
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circular zones of such size as to transmit only 
every other half-period element of the wave 
front, an image of the source point may be 
formed somewhat as by a lens. The diam- 
eters of the zones on the zone plate will be 
about as the square root of the number of the 
zone counting out from the center. Because 
of the shortness of the wavelengths of visible 
light, these zones on the zone plate are too 
close together to make this a useful lens. 

ZONE PURIFICATION (PERTAINING TO 
SEMICONDUCTOR PROCESSING) . The 

passage of one or more molten zones along a 


semiconductor for the purpose of reducing 
the impurity concentration of part of the 
ingot. 

ZOOMAR. See variable focus lens. 

ZWITTERION. An ion carrying charges of 
opposite sign, which thus constitutes an elec- 
trically-neutral molecule with a dipole mo- 
ment; looking like a positive ion at one end 
and a negative ion at the other. Most ali- 
phatic amino-acids fonu such dipolar ions, 
hence react with both strong acids and strong 
bases. 




